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S5FI ELD OF THE | NVENTI ON The present invention relates to novel beta-anyloid
pepti de (Wo2bhetofsl7l owi ng: "A-beta") bindi ng pol ypepti desy/mrh@1psioypept i des
conpri sing specific i munoglobul in domains. The invention also relates to
nucl ei ¢ aci ds encodi ng such pol ypeptides; 10to nethods for preparing such
pol ypeptides; to host cells expressing or capable of expressing such

pol ypeptides; to co i1l [ S ides; and to uses of
such pol ypepti des o%*@%fﬁ%%ﬁéﬂgﬁgygkﬂ%ﬁﬁﬁégr prophyl acti c,

t herapeutic and di agnostic purposes. 15BACKGROUND OF THE | NVENTI ON Sever al
degenerati ve neural diseases are caused by the inproper folding or
processi ng of proteins or by prions, both of which result in invasive
neural depositions known as anyl oid plaques. The nost w dely known
degenerative 20neural disease is probably Al zheiner's Di sease (AD). The

i nci dence FELROMAHERINCENRIQNgent and unnet nedi cal need: between 10 and
40% of all people aged 65 to 85 devel op AD. Moreover, this segnment of the
popul ati on conti nues to grow exponentially. Therefore, froma humane, as
wel | as 2FhegredermavéntiontélRE9 P AbES bet@afiyl@ifl paptide (inttheJolldwiagative to
find ways to efficiently diagnose and treat this devastating di sorder.
Concer ni n§eta’” 2RNgiENG polifperfidass thereelypaptidas ermprisiag spedifieimsugeotabelia; sease
progr essi - i - | r ed
Gur g haOmEts: o EfsBubh Rt frBus nHERREGC Bhobiio BEA BNBRELELET, o,
ear | yo di agnoawitisodwior phegaring suchapaippéptddar & edsti czlle kikpreséfdg or capable

2011/ 107507PCT/ EP2011/ 053090 AD i s defi ned as a denentia that coincides
With the BfBSRSEEINISUCRPAYRERIIEE: 10,GABRRFITIQNSHFOTARY$FIBE UED RXMPEPLE8Hposed
mai nly of ' j i w i raftbidldhary tangl es
(NFT) conﬁggg%ﬁg? E’f;@/a%rfsg'?’ gté glﬁidnégt/%t& A pr‘)ﬁ%rﬁénéégﬁggmaér%érg Iaarryl oid

pl aques cpeayEvtaatics thecapdutlanddiaghastimplimodepept i de (A-beta), a highly

i nsol ubl e peptide 39-43 am no acids (aa) in length that has a strong
propensity to adopt beta sheet structures, oligonerize and formprotein
aggr ggat egaAdkORCGUND OF i advENGMDONNE A-beta precursor protein (APP) by
two proteolytic events. A beta-secretase activity cleaves APP at the N
10term nus of A-beta ("beta-site") between am no acids Met-671 and Asp-672

(using the n ring of. the 770.aa isoformof APR), .l eavage at the

bot . i o B Cege eV Teu i 3l P aiBu R Binlhe BPG%P B0ty ©
second si peodskifigofigretdifosbE phoagosindRivhicH réeBf if irdakie rddral’) can then
be cl eaved by a ganma-secretase to rel ease A-beta. APP can alternatively be

cl eaved V\/ﬁ?ﬁpﬂtiP'ﬂ% knewp getamyleish @ﬁgu?ﬁ-e%mﬁh‘t’\’iqﬁ%kn@\ﬁ@ dgopReraiiwer et ase
cl eavpge Sl ey ofoARR s AMIMIUGRCACrd BIdUARIAMP fragment of 83 aa (CB3),

whi ch” can al'so be er cleave y gamma- s tase to produce a snall
sol ubl e secreted peptide, p3. This pathway reduces the potenti al

accumul at Lon .of. A-beta, 20The intra- and extracell ylar A-beta adopts a
bet a-sheefrﬂéd'ﬂ@g?'ﬂ%ﬁp Daverranisa yioeet g uames ”'r‘?éfﬁ’éﬂ U@L%F%%rbﬁ) deri ved

di T usi bl 8nbilaaRR s b BRER Aef 6516 B5 delbRRIAY, LRSI BiSediflehldt ther M of
anyl oi d f7BriTs which assemble i nt o anylor d plaques. 1n theSe processes,
t he nore pppulatibolwootinudetoagromiipareptiatie Thefrefobe foath a lsupaers uaedetl @sser ve

as a 2QUC| ?r%trr% g%og%?%d %rc:gng%ic\:glﬂpg%tto?(\a/iem,?ﬂg?r%perative to find ways to
efficiently diagnose and treat this devastating disorder. Concerning treatment,
drugs are needed not only to slow or stop the disease progression, but also to
restore brain damage that has already occurred during the initial stages of AD
(before diagnosis). At this moment, neither early-diagnosis nor therapy treatment

30 are efficient.



25steadily grow. A nunber of m ssense nutations in APP have been inplicated
in forms of early-onset famlial AD. Al of these are at or near one of the
canoni calwol2eaviag®7si t es of APP. Thus, the Swedi sh doublPeTmreéeEiiossvoo
(K670N M671L) is inmmedi ately 30adjacent to the beta-secretase cleavage site
and increases the efficiency of beta- secretase activity, resulting in
production of nore total A-beta. Any of three nutations at APP residue 717,

near the i: ;

Doa1/ 1055a eSS e A0 Slitddes fith thifresence i the brain of

anyl oi dogewiracelmlaaarhyiord plbqﬂeﬂneiwnpczﬂedomaaﬁysdf ampkm@pepmes, anelati ve to
the nore ¢ tions of APP

hove beon AN B Ao DR A AaBHlge U NE 7 Chaosaf auanly Sproft B ras st e a

mut ati on (A692G A-beta residue 21) in a Flem sh 5famly and a nutation
(E693Q A-beta residue 22) in a Dutch famly each have been inplicated in
di stiact Aopnimsacyf carapenentiof amylgideplauad eharaateaistioaf ADns neta amylcid,
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wal | s of 10cerebral m crovessels. Several years a?
nmenbr ane- REXBH %ngéga@éarﬁ?ﬁt%'ﬁcﬂr@%%ed fpcrhe-56 &:@ﬂelcéﬁﬁ%é}ﬁﬁtﬁm (ARF) Asp2)

has been i t Thi s
enzynme cl ggves pkﬁlig%gnlct%\}engéé?gﬁéglat%&r%ggﬁcﬂgeﬁ&ﬁvgﬁgﬁfgﬁ@%ﬁ u- 11 of the
A-betra 1 eggraninug bhAdsBI {Hositd-siteT) fuetwears ymiro belds I\Vlela@mghd AgpedFzd at this
| atter site have been abserved_i

AP 1 ans (UG43 EREDSTRGRAIEAE FANEIORNANAF e HIaVa8Ra AP bEIDBIR al so

observed (ﬁ@ﬁﬂ n apas se,

BACE2 (al so ca? gr:arfe aéé&éﬁgaée hoﬁta) @gﬁgogﬁggkégg?%o %gﬁgﬁd%éf)g&gﬁ?ed to

as BACE1l) Ih@ﬁéﬁﬂneh@a&mﬁdmlmof CO8 (lgetramaidite" acah theneoeetlieaeedbylay at sites
Phe- 20, of A-heta. These

within the A-beta r of APP, afte he-19 a

't or nal | AeBITESePteesS Ry ted s AN R PSR AT VRO S ISR 181 due
21, apd tht l§et§Lrb§Fdn0Bréﬂﬁn'ﬂﬂﬁhﬂ)ébﬂﬁfeeé’réﬁé-sbbﬁétﬁé)@@bﬁlb@é‘ ské oPAPR $ht e

cl eavage product “generated Conservative beta-site nutations of

APP t hat @mLtqeea ﬁ%mé’lﬁéé\ ﬁeg@maofsm @at(&83dnyhish cantdlsn be fwlTery)

ke BACER CyPatSabing-nabe Maaroq e SR ROtie Yebiesdd Bhetic e ap

gene or lrrhtsh@atnmw@ductés the(dnti@ erreutedtion ¢for-bgamma- 30secr et ase”
activity) cause early onset fam | ial AD. Exanples of APP nutations are the

above- nentioned ' Swedi sh' and 'London' (717) nutations |ocated respectively

near .t he | Ccrease
'ho fbrmatTSase AP eRERealtrl 388k SIGRSANRAIRS) oANpRRal Bhy iting g

201|1/ _1875Waﬁrécﬁmm%rﬁé?Mﬂ)lé?émylaltddemmyfu'lslbw |WSD badfmom;ﬁblnlgsn OL

anyl oi d aggregates .and p es a n tia a es were ieved to
0o’ o rmj of e Gseiielrs PriBedayabBI ShHIEHAIEN ASSRIOR 16 BEVABhas! se ¢ he
role of p b AMDes 2§t even
5concei va Féd&{e‘ﬁa[ri tlé‘%gﬁ{ﬁ’g% ar esaﬂ;]r?e@ %églﬁiéd%b gerﬁg%)\/ﬁte ﬁ?ﬂfp‘%{’gﬁ?é&pepu des
are below) is presumed to serve as a nucleating agent around which the plaques

25 steadily grow.

A number of missense mutations in APP have been implicated in forms of early-
onset familial AD. All of these are at or near one of the canonical cleavage sites
of APP. Thus, the Swedish double mutation (K670N/M671L) is immediately

30 adjacent to the beta-secretase cleavage site and increases the efficiency of beta-
secretase activity, resulting in production of more total A-beta. Any of three
mutations at APP residue 717, near the gamma-secretase cleavage site,



actually rendered biologically inactive. Further information on

neur odegener ati ve di seases and on the role of A-beta therein can be taken
from W srwewski/1080Koni et zko (2008), Lancet Neurol. 7(9) pCIEPO&H183IDI0
Spires-Jones et al. (2009), Neurobiology of D sease, 213-220, and Lichlen &
Mohaj eri (2008), Journal of Neurochem 104, 859-874. Mst current
treatnents of AD target the acetyl choline defici ency usi ng

acetyl cho bitor - | ant am ne
15 Rerm ny 155 rbBh B A GRIRE AR ot B bEteL gi? 21,

t r eat ment nafmedi Adbeltaa(mtﬁ)ereiatweﬁﬂb thBoneezrhmos 4] sa fappriobeth(f €0)sever e

et it v aiieosadtona Bty al AR v Eachn e TEeERD ree sloerdtal

forebrai “a@]%@eﬁpﬁﬁt%salblﬁla GRET RInalative As9P G haldRa 'P@élﬂ@é’?yfm &Fldrfish
mani f est ati ons of the disease. 20Treatment with acetyl chol i nesterase

i nhi bkt or @m@saedﬂs’nb@h@ﬂl(EBQBQeN-b@BS’e(S@UﬁSH?éU@ﬁtDlthﬁH fainignieacl dave but

dest effli i ni,cal f. f t but
cannot cuPeeBiePES LY e BET o e BTk 32 M RERa: bl gy "o 't e
neur odegeBgrtaua:rnpre%eh@‘ &s HRYyhERIreE of PSPARINRS irtRecel ébirial BéMmbrrhbigaB e asr ) |
Ebi xaC rz Pharmaceuticals) is an NVDA receptor antagonist that showed

better ouBBIMR-LYRE E8MEAtiRsbie PeUlPatiegical ingings ineluse sarrdlaGUesIgNi t i on,
activiti e?n{éor‘?@)& 5¥d lh'}p?o&?nﬁfﬂg QHGrUQH%IS%QgQ?ﬁ%WQﬁQB%%SSHQlrfAtIReRﬁaﬂse S

wi t h noder to seve her™ s ne remalns

synptiomat icerddnarmjzyovdwseld.s approved for noderate to severe Al zheiner's

di sease 30only. It neither cures nor stops the progression of the disease.
A conbi nati on of nemantine and acetyl cholinesterase inhibitors has been

shown to i i Ine-50dRy I but not
inthe m F’%wgréﬁgggér%%qglé@@grd&éage. Gi é%ﬁ glg%rg e?%(e:‘l'?)&g 35%53090
Sone curreaHedameemapmbaAspﬁ)aha@baem shewndo exyhst ;jropeetlesrex@ebtﬁdaofaas a

are thr ma or_researc f small

1 1 5a |
ol Seui eu Bl stk This g ERVRS ARE AER b8 sl Snf BERER h are
desi gned wAdi@Lerf 6f deAbatd F@l&@hﬁhsdbﬁ%aréblrel’éﬁléiéﬁc%m-%% i Bﬂ%t i de

aggregates. It has been denonstrated that a stable et a- sheet breaker"

when adni ﬁ|6§t\/@d@d thig laftarrsitedpyei keatoekseried 1 amyloibplageealit AL anghémet r ate

(2002) PG § AEErGherBis) FERESH bRt EE o RBRY R P RE her thie

approach geasups&lso 0b§@@@dtthé¢>r@§mo@thtn@ datbiaee dfest addtior aspiityThe
devel opment of snmll nol ecul es which inhibit the proteol tic processing of

APP into RfRirese BRGERJal0 qalief tﬁ&pdr)sa glosehenidegue gf B ayalset ase
shoul,d 15¢id} el talsyB/QdIE"?g Fﬁ%ﬁ?&l@ﬁf/éé’ﬂﬁgﬁfsbrﬁétﬁ _GRd e g?e BFrfY |§{ the
SO ord rea

bralnfromneuro oxic e S on a y exls g brain
A- bet a buatlgites withim the Axbgteoied)ig abAIEE’ aftechhéd Yearat PheidlCadfelbeter years,

are not expected Passive and activ vac |nat| inst A-beta. This
research | ﬁéeé@tﬁmaié\ Q‘Pt@rﬁ't@@tq{é 9&@5&“&?@ %\E’rﬁkg@fa%”a regisiyie

Nature 4084 Jddld PruthiigH mEpREN) Fidraased tﬁr%r@aﬁgﬁmn%f%t@sﬁs cﬁé%\,{égst

A-beta(1-42) prevente t| on o | aques
experi rrenprodunhglahgzrata@byw%@ﬁa GOnWNaQVQUeﬂafsute oetatage @ AR Kt

essenti al | revente for m.tant infla

Ceaction ElinehBeEAsE T 8eais b Ron] of il GG RO Yherasate BEURRS Y and
affect BACE1 and BACEZ2 activity S|m|IarIy BACEZ2, like BACE1, proteolyzes APP
maximally at acidic pH.

Mutations in the APP gene or in the presenilin 1 (PS1) gene (carrying "gamma-
30 secretase” activity) cause early-onset familial AD. Examples of APP mutations

are the above-mentioned 'Swedish' and 'London' (717) mutations located

respectively near the beta- and gamma-secretase cleavage sites. These

mutations increase the formation of A-beta peptides and especially of A-beta(1-
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25m crogliosis. Vaccination starting at a | ater age, when anyl oid pl aques
were al ready established, resulted in a partial clearance. Subsequently, it
was denorworatig@7ionat vacci nation with A-beta inproved Phe/Hrehrawsmo@l and
menory deficits as nmeasured in the water maze nenory tests. Gven the
side-effects of vaccination with the entire A-beta, alternative shorter
pepti des have been 30desi gned and used to vacci nate transgenic m ce.
Cinical 9&55 ais

t her apeuti g?aaéi@j ﬁ;(%t eIBEF%atS%ZEh%tr@ﬁ%ﬁe%da%rhgl céﬁ%gg{%s\%id; l? gg%'ance,

att enuat i Mghgreagquatialpl plagdepatehebeligyvedlecr easi ng tau | evel s and sl ow ng

patients’ nitive decline wevyer significant nmber WO
D011/ 107567 & RS 11960 e e et e a T iRn pnehasize he

meni ”goenwefH'p‘rétbﬁan@aéh%eﬂDl'L'd@t’h’e' Ma@)’tdf'@cbﬁbbhéﬁ@t \tQ§ ePbnaut oreactive T
| ynphocytes into the brain in response to active imuni zation (Ferrer et

al . (2004ppn®|aabiethalrmaquqmarelanmhamamwheeebyathe eooRXic paptidessare 9,
448- 452; [ | ogy 64, 1553-1562). 5 As an
alternati gg Hygﬁf‘f@%{%d brlr(%aggbf Ing%!flgt%pr oaches, anti bodi es directed agai nst

A-beta may be administered to a patient. Such passive immuni zati on approach
was shown to be successful in reducing brain A-beta burden in transgenic AD
ni ce (DeMEUftpsr Exforanationyenngurodegenenddive diseasgs anelon theaobsof Admia 8855) .

The 10und I n [

thougnt uiiEe ST R AR A A KO B EiTR8BE LaRgeL RBGidl 7087 o
t ﬁr geb t Begﬁl&ﬂqt,l%n‘gsebms etraal.ttrzat)g)lz Nﬁmotagtdggrcﬁ Dibeais, Qﬂe zmggmsltj ed E) hat
the anti ed an -beta sink! in the titrated A-beta
out of L § Meigd (28R youtel NGNGUIABRTh 1D3aBTaRIH osi de 1. 11 was
denonstrat ed that any A-beta-binding |igand 15has the potenti al to reduce

anyl oid burden in transgenic AD mi ce w thout crossing the bl ood-brain
barrier (Mudsscokantteatmer(t2003D tiargeNetbewet;dxrtmbin%ieﬁ@@nc&:ﬂl)singShort- term (24

h t t it ficit f
{r ansgen; EoRBROLB DeEm e IERTS S Toat PROSRH CUEaPth BRRTIG: d | oad
(Dodast eRahin 807 AEHEMINEIERIGHENARICh. ardBgdiib Thmeiissiriontenl d

suggest 20that smaller, still soluble aggregates of A-beta are targeted
first by suldodnederats AD. Donepert is alsaapprevss for severe Rementiaxi ¢ forns of

Ponet i o Aidimels VAT DR A HidGbads Ml acichalifehelich ooy &

ant i body befeoreted@dercraticnaf @tﬂﬂme@jlchbar@fﬁ(bf-tﬁelmfsél fopstsrairpand body known
as "3D6") has neanwhile entered clinical trials. However, the first data

reported PPBARTSHASOMEatervell Wil iR aewiopsyChialig manitestalions eidhp|djsease.
St gnigfi Ca"?‘reae:Hq%‘ERAﬁtE éﬁ%@&ﬁélﬂlesﬁ%faé&ﬂ%bu?d‘rgWt%%'%‘o?né(‘ﬁgﬁ?ﬁﬁer (ﬁé%gs | n ApoE4

non-carriers on I nor e apl neuzumab was and 30safe
in ApoE4 (:mnsusiemt adssigntiichet but rApoést emeaoyecrrschmmllmemmdyef segeitiemt s wer e

nore frequentl served in balneuzuma -treated atlen than in the
pl acebo af 9{%@923%9 'Onsa%gféﬁ ot SR LR & PIgY UBGRIE: @Pne

| nduct i onygd erony o eAabABAENIRGTA RERALHASIAN0 cerebral

m cr ohenorrhages as also b described pre-clinically in transgenic APP
m ce. Conventional antibodies (containing an Fc part) used in anti-A-beta

passi ve 5i ni zat ons suspe 0 cou for the duct' f
vasodeni c ARG 'Afﬁué?@hglﬁmqﬁ Sé?—dba'@ Pha 'CQ 'Sa‘?nn Ir[?@\flnD%Ddel s,

whi ch ar erg&gA6h attagomist fha@sh@%@@tbe'ﬂﬁr @Dtc@ﬂ’feellﬁrcﬁim;\!ét%ﬂt @ plAcdl®S @ tHeposi ts
(Cerebral anyl oid angi opat hy) |eading to m crobl eedings via ADCC and/or CDC

(W | cock, cncalgiomains cognitionsasidvities of @aiydiving @nd gvaral ginical EseoNs&/d .
8(1):50- 6%:) patients with moderate to severe Alzheimer's disease. Memantine remains a
symptomatic therapy that is approved for moderate to severe Alzheimer’s disease
30 only. It neither cures nor stops the progression of the disease. A combination of
memantine and acetylcholinesterase inhibitors has been shown to have superior
efficacy in moderately severe to severe DAT but not in the mild to moderate

disease stage.



10Finally, the binding affinity of about 2.5 nMof this antibody, as
nmeasured by Biacore, is assuned to be too |ow to induce an effective

"peri pherwb 20imio7®ff ect”. Anot her anti-A-beta anti body, PSOIERR@E08D0
(humani zed anti body n266; LY2062430), has al so entered clinical testings.
The maxi mal plaque | oad reduction 15 that could be achi eved was published
to be about 60% In addition, specificity of this antibody is |imted to
sol ubl e A-beta, so that binding of aggregates or plaques cannot be
expected. A third anti-A-beta anti body, ponezumab (PF4360365), only binds
to A-bet aSomdur2émtod eeninesitaldhdrapeutic stratdgesalocud n Addete abestargedte | atter
bei ng assu.f.ﬁed to be the. rmreéc%athogenlc A-beta species. Its affinity is
even | ower "EHaA™® HECGAIN e8I Y5 Sneuzumab, and the risk of cerebral

m cr ohenorrhages can not yet be ruled out, due to its ability to bind to
A-beta plaques in blood vessels, conbined with a renmai ni ng ADCC/ CDC
activity @) Theslemelgponentei snesl malesulasdplten pieptiddovinalicapnamedtbeat hat even

attract | vE RO R BRI B et GBS R i e R s R PR s For
the treat arifloi@foeptide affrediitberit BAgbaeh eehtdristraitanthae bf R5bI8 "Bbts et
i munogl obul'i ns whi ch have not yet been fully 30el uci dated, such as the

phar nacol Q&P%‘&lr",lWhﬂﬁ @%{PIWQFQQ‘M%H?PSW%%QQ%&VBO@@M AL, ils@bl&lh forns of
A- bet f dt
i na and Be0elrbts' B& RS Fin bbftr i RBuES b ThERbeBY Bt (Petifardtie i

2011/1&075@17M@EPE(ASHB)BSW(B%QBBpreMaWbs demamlstrabed whetheglttabul i n
singl e vari abl e domai n_anti bodi es or onai ns éps defi ned bel ow), having

speci fi ci BPPFAChAERH %'”h%RQé"%esF?fOB%@H” Of ISSHTAION-he art: W2004/ 44204;
W2006/ 40153; W2007/35092; W2008/122441; and W2009/ 04494. Bi ndi ng
characteristics of VHHs 5synt hesi zed by the present inventors in accordance
with the apdnve dMDempbmerttaIfismeél mekeeulmsahibbﬁra*dbkbthe prfadeolwid ptooesaisrgroft hey

are not s d to enter dev nt. W09/ 149185 di

So-cal | ed BUDNEO ALDAE PEPUGRe I tiei e B o RBRE S s BSRADPHET A bet a
bi ndi,ng sReidrty Blyck HROBraafivh BﬁNt%ia%fndtW@c@' proficetHe BiHin frArPat a vari abl e
domai ns in such DVD constructs, binding of the parental antibodies was

mai nt ai nedeurmiexin&fiestsrefanaylpid. &ffects ey alkagdy pxisting oraify At het§ igdBNnat i on.

o vo) aes SLEF A A RGaa e RRRIAVE drctilfleR B YEal e BBt Ehddied; °oo™

15f uncti ons, such as conpl enent - dependent cytotoxicity (CDC) or antibody-
dependent cel | ul ar cytotoxicity (Al cannot_be avoi ded (cf. above).
Def i ni ti v€) BRagMBHNE &qﬂvmaef:marlom @qamséé briat ThisresearsatingIsiitedvith

exam pat i B 8bsériigtidt Bg %cgggggagg[‘ﬁﬁcéﬁégggfaglﬁrgpi(ﬁ)s‘ﬂ%e\ﬁf tﬁé‘%a%ﬁa%ﬁ

neur 6% br ary tangl e neuronal degeneratl hIS is
essenti al tmnsgmlsmnm@wdm—bem1eh@‘)lpme-mbrhgd ﬂ:he)fcsméltmh@framyloud 1906. In
1984 the t| onA| gstltute of Neurgly |cal and Conmuni cati ve s%rders and
St roke anH Qe S AN A ArsterPsrimesk 8RN EndVasanation BivosrdaytAaissdAge Con

( NI NCDS- A%%Qet : eﬁ?'all???ébé‘n@éd*g agtif ﬁfﬁétg?ri; ?ﬁd Eﬁ%a&ﬁ&ﬂﬁ%ﬁrnﬂgmrﬁ@torgm .

(reviewed I n ogy 6, 315-336). Patl
meet i ng aré¢adibntinéhé bralnvum@beenceof amytaid @iamymseﬁawcmymmeam) denenti a

evi denced by exam ngtion and testi . 0. M ni - Ment st, Bl essed
berertti o BIGCGIOgE. Lpeimafon sefiid Ahirlerasmvinn HENBIY PERICS T Bast one
ot her cogalrbaayreéta'bﬁéhém regmfémln a:@aﬁrfan @I@%Fu?ﬁu% sepsefudahaeiat0 and 90
years of age, absence of signs of other diseases that cause
demonstrated that vaccination with A-beta improved the behavioral and memory
deficits as measured in the water maze memory tests. Given the side-effects of
vaccination with the entire A-beta, alternative shorter peptides have been
30 designed and used to vaccinate transgenic mice. Clinical trials suggested that the
active immunization with A-beta is therapeutically active, as demonstrated by
eliciting plaque clearance, attenuating plaque-related pathology, decreasing tau

levels and slowing patients’ cognitive decline. However, a significant number of
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30denentia (exclusion criterion). A gradual progressive, cognitive

i npai rment without an identifiable cause will be diagnosed as possi bl e AD.
Pr obabl e wD 20s/focsorher defined as mild (early), noderat @Ctrrrdali®f3000 severe
(late) denentia. Laboratory analysis is used to objectively define or
exclude alternative causes of WD 2011/107507PCT/ EP2011/ 053090 denenti a.

ELI SA assays of A-beta(1-42) and phospho-tau in cerebrospinal fluid (CSF),

mbi ned
o be. sen Py U G A e B R el E W AP b le aPPeer
appl i cabl efitteataunsaf a:ﬁortdaetweﬁdymho@ﬁéspmtodherbealnpm eespunsedotdeitivset o becone
5 t LI SA | h | A [ C-
(devel ope By iRy FaeRbRber AR RBHIEPaer s TH2br kel &A@ Pt i ent s
than fromppnvék, 994@81%2 Mﬁbh@rﬂéﬁal%Zdl‘f&??' NEYrdtsHy 6] f553p8emer, the nean

|l evel s were significantly Tower In early AD cases, suggesting the test is
not reliable for testing for early onset of AD. 10 No bi ochem cal nethod is

mer ety nof® b Rmpie i AN FRRER S giflentndt HiboRles ek 800kl

nor e advapciestatragy beGeRsinRisredas deshifemt bl opgseivey intinaaizasibs appfetich onset
of clinical synptons that si ?nal irreversible brain damage. 15 Finally, not

only for WeaFNONN © hripperassiin redusing brain §- b@ﬁ@%@%i%*&@%&%@%{”@n and
used are. ige (REERGSEREL TR PO Mafiibals Sl USK 9878850 BSSPE ana
ant i body oR@érlyiAginndoienistig rémadwsoptaw f@rbpbeulaiuoﬂn sinceet waswred;ugHt@thaélfu nity
and may 20t here ore not suitable for a oses. Anti body nR66

cross- r ealt@ aitipAAis %*GEP@SNW prain @r,r r@ QtéﬁgeAt%P'éqU§§@lﬁe%%”tp3

whi ch doe

speci es, ?ug%qrz]a?%) et ars‘i{r%%ﬂﬁgéib%%éag 1- ﬁ%%ﬁgﬁ(gd%ﬁe?g@dqugéﬁl%}g such as
p3. 251 n sinkiinahetpi@sradowrech titratesl Ambetﬂ)pebmf tbé braie. Sobsequentlyt osipgovi de

h | ogj cal | t t Lo th
o, habokai pbCERePHaR e et BrtBanraReBRhan A TR LRaRD JeB ol or
di agngsi shas tigk ééﬁa‘ﬁﬁél tod*eagbé%w&a EPaEH tn ﬁaﬁsgﬁﬁ@ﬁm WithdytA- bet a

and/ or nedi at ed A-beta, such AD, and rovi de nethods for the
preventi oﬁroasrr@thueeblood@rale\haaltlero(dvl@taumcﬁ etjala )s). dleupmRnignteR S eddses,

di sorders iLnvQl vin S d such
agont s andobonpatie e neli i MR G B s B8N e R fhiRle. cear cn
into the Hefitits @ﬁtrﬁ@grdhlaﬂmwemwﬁmldﬂe@ﬂhd; Yhe toMlGrhireadliond baki on of
9 - WO 2011/107507PCT/ EP2011/ 053090 AD di sease_nechani sns and potenti al

t her apeut (Rodarg ebal. s alete blenrrseiancens . 45%4@%% frhéu’ﬁﬁl#'t woilld suggesbbj ect
of t in O-+fAr nts

conpgm ti ‘t(;rﬂé;fts'n%(])eté stfﬂ Yutﬂ@ alﬁqi:%bagggél g@éég g?énrbé vant gaﬁgnpar ed to the
agent s, canbbedltesomd ahsd/tbat trnes@@mkstrtammhtdxyc fosed amdbeira kemes, i n the art.
These advapta es | gg? lg; ged th eutic and/ or, phar, macol ogi cal
propertie§ B 8@0‘&%“ Ir arg qr@gnqrgu%t}.jeggt IN{ENSgRAIGI e,

i mproved g@fperr% preparation and/or reduced costs of goods), 1lOespecially
as conpared to conventional antibodies against A-beta or fragments thereof
as those described in the above section. Further advantages will becone

obj o¢t  of TORAUTRAEY GRITS O P AR ABEH B e A e (ah anaibgle of

the anti-A-beta mouse antibody known as "3D6") has meanwhlle entered clinical

trials. However, the first data reported from Phase |l trial showed mixed results:
Statistically significant effects on several efficacy endpoints were observed in
ApoE4 non-carriers only. Furthermore, bapineuzumab was well tolerated and

30 safe in ApoE4 non-carriers, while in ApoE4 carriers, serious adverse events were
more frequently observed in bapineuzumab-treated patients than in the placebo
arm. Moreover, vasogenic edema events have been observed. The induction of



15nol ecul es and, specifically, polypeptides binding to manmalian and,

especi ally, human A-beta, wherein such nol ecul es or pol ypeptides are

sui t abl e wonotihw7#bove di agnostic, therapeutic and reseactlErpunpses. BRI EF
SUMVARY OF THE | NVENTI ON 20 According to a first aspect of the invention,
there are provided pol ypepti des which conprise a first inmunogl obulin

singl e variable domai n which specifically binds to a first epitope of

A-beta, ap i
Speci £ calTi i RreheBl ARG RES blbcto il Becttoa b ALY fafitbenic .,
sai d 255eé¢5’rﬁdrre¢atopes of A-beta are not identical epitopes, i.e. are

different epitopes, such as e.g. the Nterm nal epitope (SEQ ID NO 3) on
the one hand and the central epitope (SEQ ID NO 4) on the other hand.

Pref er abl Don%@hﬁlorﬁélra'ﬁftlbaﬂi‘éss(ébﬁiaﬁﬁwgmﬁ AJPaH Q@0 dnf- &R Baysivé abl e
domai ns 30each essentially consist of four framework regions (FRL to FR4,

r espect i véngunigations ese suspgttednion aacount foctherintuttion ofemsogenicEdRmMa or CDR3,

var bl o ButenelEEes Histnad MindRea B S s AR P M her of 1" oa o
I'i nker peafssekﬁa@ﬂtwmalthngetuﬁ@ﬁ@éﬂé&@lﬂfé%?;B@/AEBa&ldé&%ﬂt@Q@e%mrI ses or

consists of a third i mrunogl obulin domain, such . hird
i munogl oBIMI¢id SnginRativarleawing tasheiobleedings ‘t"ﬁeﬁ‘%pean%/@r @DQ (Wilcegkd sai d

d | bod
Cocara., "TATCSUARYIA ChRE KRR SRS RTo00BT a0 8RY oY
VHH demnai FinallJhthe imdingadfiity ofmbnun@l@nwaoﬁ tals antibwdyl as nmenamlred;bgl in such

pol ypeptide of the inventi nW|II pi cal l ve. t he st FR(1)1 -
CDR(1)1 - §0is.asgppyed tpbe toprp W)t §ind rieﬁgct'veprﬁ(eﬂp If%f? R(l :
CDR(2)1 - FR(2)2 - CDR(2)2 - FR(2)3 - CDR(2)3 - FR(2)4, respectlvely.
Preferably, CDR(1)3 is selected fromthe group consisting of: the am no
acid sequéumo&sereantieMﬁed@antbb@ﬁstDﬂ‘&@ﬂr@ba(ndﬁ%Qedjamm; ma6@; LY- ani no

id th bl
Topref oranDp2al hep Aiien ifed Siiraigurlis” rBRiamla et oleduedSan i dBng
sequgRces taf /UM B@a’bﬁe@ﬂd@ D¥BI5Re@Mo ] §5@Ho@t N@’/émln éﬁﬂ@&tép\é@fhélt and
CDR(2)3 is selected fromthe group consisting of: he am no aci d sequence

accor di ngthls agtigpdDisNmiiex tasgriuble '%:Ibﬁtﬁ) s@dhat tsleqmer@‘@sggmatas RaPEEqUESt 0
t hree, two, and nore 20preferably one am no acid
ggﬁé&b%%sgr?%c&é’q . ! . .

di fferenc ‘0 said am no acid sequence according to SEQ ID
NO 19. Alternatively, CDR(1)3 is selected fromthe group consisting of:
the am no acid sequence according to 25- amno acid

D NO. 19; and
sequences Ahird iRtz etm anioedi @@neéhd@ﬁﬁgﬁﬁﬂwg%%)oOf‘lbkb,'nG%EP Achedaprder abl y

one affi NORALElIES T A6 ADeERRRR) HbiboLISS! HleMdbeiiy dsSaAUERS Bedfigor di ng

(more) pathogenic A-beta species. Its affinity is even lower than the affinity of
bapineuzumab, and the risk of cerebral microhemorrhages can not yet be ruled
out, due to its ability to bind to A-beta plaques in blood vessels, combined with a
remaining ADCC/CDC activity of its Fc portion.
25
In summary, the above demonstrates that even if A-beta binding and clearance
by (classical) antibodies appears to be an attractive mode-of-action for the
development of therapeutical agents for the treatment of e.g. AD, other
characteristics and effects of such immunoglobulins which have not yet been fully
30 elucidated, such as the pharmacological implications of their property to bind to
certain forms of A-beta, make it far more difficult than one might have initially
assumed to find and develop safe and efficient therapeutical antibodies.



CDR(2)3 is selected fromthe group consisting of: the am no acid sequences
according to SEQ ID NO 13 and SEQ ID NG 16; and 30 - am no acid seguences
whi ch hawsoupiitiw7ionr ee, preferably up to two, and nore pcefEPe@abioy3oome am no
acid difference as conpared to said am no acid sequences according to SEQ

I D NO 13 or SEQ I D NO 16, respectively. Especially useful polypeptides of
the invention will include the foll owi ng CDR sequences (nunbering as

i ndi cat ed pj Vi) 1) & : e ) 3:
cor(2) 1: AmiobOERBARSRAG 5, I nod i inolp variabigrbalbantigdaahy
CDR(2)1: VHH ObBR@2)2(asldeflineoR{ld8), having spedifiaily ipiA-beta héR(@Elso Been
CDR(1 )3: 20-. 1: : _Or (1) 1: 25-
CDR(1 )2 desc”b%%&%? W%WOZO%%Q%QWWMH %%%&’%2997/35 ' CDR(2) 3: 30
WQ02008/122441; and WO2009/04494. Binding characteristics of VHHs
5 synthesized by the present inventors in accordance with the above WO

publications were unsatisfactory, for which reason they are not supposed to enter

clinical development.

WO0O09/149185 discloses so-called DVD constructs, and, inter alia, DVD

10 constructs having A-beta binding specificity. Upon combination of two different
anti-A-bata variable domains in such DVD constructs, binding of the parental
antibodies was maintained, but no increase in affinity was observed by this
combination. Moreover, the disclosed DVD constructs contain an Fc part which is
present in “classical” antibodies, so that side effects caused by Fc effector

15 functions, such as complement-dependent cytotoxicity (CDC) or antibody-
dependent cellular cytotoxicity (ADCC), cannot be avoided (cf. above).

Definitive diagnosis of AD still requires post-mortem pathological examination of
the brain to demonstrate the presence of amyloid plaques, neurofibrillary tangles,

20 synaptic loss and neuronal degeneration. This is essentially the same procedure
as defined by Alois Alzheimer in 1906. In 1984 the National Institute of
Neurological and Communicative Disorders and Stroke and the Alzheimer's
Disease and Related Disorders Association (NINCDS-ADRDA) established
formal criteria for the diagnosis of AD (reviewed in Petrella et al. (2003),

25 Radiology 226, 315-336). Patients meeting all of the following criteria are
diagnosed probable AD: dementia evidenced by examination and testing (e.g.
Mini-Mental Test, Blessed Dementia Scale, or similar tests), impairment of
memory and at least one other cognitive function, normal consciousness, onset
between 40 and 90 years of age, absence of signs of other diseases that cause

30 dementia (exclusion criterion). A gradual progressive, cognitive impairment
without an identifiable cause will be diagnosed as possible AD. Probable AD is
further defined as mild (early), moderate (middle) or severe (late) dementia.

Laboratory analysis is used to objectively define or exclude alternative causes of

-8-



SEQ ID NO 11 SEQ ID NO 12 SEQ ID NO 13 SEQ ID NO 17 SEQ ID NG 18 SEQ I D
NO 19 SEQ ID NG 14 SEQ ID NO 15 SEQ ID NGO 16 SEQ ID NO 17 SEQ I D NO 18 SEQ
| D NO 19 wBQoi1inoko717 SEQ I D NO 18 SEQ I D NO 19 SEQ | D ROTEP28EQs3I0B) NO 12
SEQ ID NO 13 SEQ ID NO 17 SEQ ID NGO 18 SEQID NGO 19 SEQID NGO 14 SEQ ID
NGO 15 SEQ I D NO 16. According to a specific enbodi nent of the invention,
t he pol ypeptides of the invention conprise as a first immunogl obulin

i ngl d R

A5 055 ¢ SefRhRaR RN astdls of Kookt 2 Mt EERETaETF et Posind fadm
domai n It lhéCS’Hb—ch:dmmtmged ABth g)frﬁ)ty;ﬁE@fMD\MEmﬁe p:eﬂésmos]ccum% %emetm falc:oran

especl a rererre e | de. 0 e | nvent,l on

S anartonaPPESLE St A FbecTie “the Bielites #Es BOWeVar Aol Wiy Coval ent v
l'i nked toaﬁﬁhébtﬂ’é’b)é@ﬁ’tﬁgé QtﬁtheSH%‘sn‘?éC@F @&lwmé" pPé\féil'ltlﬂg tARItBoechbmed. an

anti-al bum n i munogl obul i n domain), a transferrin bind mg noi ety (e.g. an
ant i - r ansdwmne $r:reemm|o§Llﬂﬁforﬁhd@eurai)threadguom MDéaeN§ j/(dﬂveinﬂe@cul e, a

of nunan S DSBS e Bl ot B A BBl o g P e

enbodi menizd @émehea lp@ﬂ@ﬂﬁs'd?m@tﬁgfcbﬂtrﬁ@ HoRRivietl &R e Maeam @ vals Reteno aCI d
sequence as shown in SEQ ID NGs:26 to 31 (Fc f usi on pol ypeptides); SEQ ID

NO: 32 ( HSAIgNifsiaHY W@fﬁ@rﬁ&”deﬁﬁ) Cepkes: Iﬂyggéiit'@th%t@!)ﬁdmi reliaple doritesting

15(al bum gI obulin single variable domain fusion

pol ypepti ﬁjlb% W&%‘%@t NGs: 40 to 43, 142 and 143 (PEGyl ated

pol ypepti des). The pol ypeptides of the invention preferably bind, V\,i th one
of its i obuI S|nle vari abl e domains, to the A-beta epito

defi ned E@J %3 d RSl e ddpr F@ﬁi}“ diagRoRista ezAySkeges r

i munogl ol irg rragéyem\é 1l MRl PRI the a.H%afﬁ#é@has@raftaewsné@J Eassk by SEQ

IDNO4(centra epi't ope n nore preferab such polypeptides of the
i nvent i onCleany, cwreactvanted MCHrmims mn&e@d tdsallbm(earpadlagne$ls b@fore

(glutamate | al anin nyl i ne), and 23 (aspartate) of
t he human® }&S%te?fa‘/(' B@SF% S v%ggg@-@|wé¢m@ge as 25neasured in a
TR- FRET bi ndi ng assay (u5| ng ABI 1002 : SEQ ID NGO 62 and ABI1050 = SEQ ID

NO 100 as conpetitors; cf. Exanple 9.3) are preferably in the range of 10-9
mol es/ | i t Fénadly, netsenly fercliagnestisrairepses puﬁ alse h’ee;gapg%cwmcalrr@ﬁearch agl 19

vent | onSpup BpAEE RIS Bl ol Pl ure BREhRT f b Rlgen "

i mmunogl obged ares tiwhstibaiiebreadipientionss @be@luleV a@ap6dp BDemref ahtibady
f ramewor k re% ons (FRL to FR4 respectively) and three conplenmentarity WO

2011/ 1075 /Aoy Y88 OUTIsderAPRinVHG arietatysly |cemriniyhasbreny

respegt i )

S0 1 noP et ARREE RPN DR A FRRBREp g redtis N
termially truncated versions of A-beta, such as p3, which does not allow to
distinguish between disease-relevant A-beta species, such as A-beta(1-40) and
A-beta(1-42), and other molecules such as p3.

25 In view of the above, it is an object of the invention to provide pharmacologically
active agents, as well as compositions comprising the same, that can be used in
the prevention, treatment, alleviation and/or diagnosis of diseases, disorders or
conditions associated with A-beta and/or mediated by A-beta, such as AD, and to
provide methods for the prevention, treatment, alleviation and/or diagnosis of

30 such diseases, disorders or conditions, involving the use and/or administration of
such agents and compositions. Such agents may also be useful for doing
research into the field of AD in general and, specifically, into the elucidation of



or CDR1: SEQ I D NG 14 CDR2: SEQ I D NO 15 CDR3: SEQ I D NO 16
10or CDR1: SEQ I D NO 17 CDR2: SEQ ID NO 18 CDR3: SEQ I D NG 19,
and to powgpentiog®3 conpri sing or consisting of a VHH decaiEr261a053ego an

am no 15aci d sequence selected fromthe group consisting of SEQ I D NGs: 47
to 111. These pol ypeptides are useful building blocks or internmediates for
the construction of biparatopic A-beta binding pol ypeptides in accordance
with the W leasoRferahiditCahd SERAIRANNCPARGAR! Sdler biophyldcier aspects, the
invention relates to nucleic ac nol ecul es, expression vectors, host

cells, andeobhatss.of manufacturing used in the production of a pol ypeptide
of the invention. Nucleic acid nol ecul es encodi ng the pol ypeptides of the

i nvention can be used, in an isolated form for contructing respective

expr essi ofh B&RcAlaF, it WA Bojeldeat ﬂ?@ﬁn@tﬁ@@%@@iﬁ%‘%dcﬁt&dﬂr?}%bol%@ﬁdaﬂyUsed

25f or bi opharmaceutical production o pol ypeptides of the”invention.

Such pet hadtivd agenisf e@npesitigns aptieaimsthedsrgrat psevide eestaspadvsntages uri ng t he

Focoveri ngoresb R flsidils gt ds AR PR A r Ry R ARk o i
the art. R&AdWA iRty BRPThEGS a@arthged MRARIY impryesd trtapsgticaedof i cal |y

useful in nethods of diagnosis, prevention, treatnent and/or alleviation of
t he di seaPB3rmagalegigak BrOQﬁH'Q?oﬁHUJ/@ﬁ other advariageows pronesiies (sustlaswforand,

especi al | t hei ; ' ) s, according
to this a)sé’é%@?,re’t"Lr@r%‘éﬁ%%%%]‘it’fdgrf?pé#a%'t%ﬁewrfg'ﬁgqSgg%ég@‘?f’éggo11/ 053090

i nvegpi on e@é$ial@eaﬁsemdamd tmoémrﬁn}tiohalaaqarmunm:agnihstaA-_betmp]E)ﬁiagriS;ents i.e. as
a nmedi canent r the treatpent, alleviation o evention o | Sease,

di sor der H?ereeﬁ%ﬁ ¥WQ§ﬁ,dr%§08g§¢ dbiRF FPPE $RATRR- EEF‘E\@C a%mamwﬁ]s%e,cqav%or der

or condi tic%rér%W?éﬁ'rﬁ%&@%&ﬁpﬁf@n%@o@r°“p consi sting of neurodegenerative

di seases or disorders, eimer's disease, denentia of the Al zhei ner
type, cerebral anyloid angi opathy (CAA), trisony 21 (Down's Syndrone),
adult Do syndrone, heredita erebral henorrhage wth |, 0idosis of the
Dut ch- t y A FRATISHIaT iR kIRl O e Hiye iRl lesprov s el Adr 210 nd,
degenger at nRflecidb s BhHENEpe BN ,r@@ngptio%s%iﬁbingqb%&ﬁmnaﬁmfd@e!ssectiaw,um on
body nyositis, and anxiety 10di sorder in an elderly human subject, ‘or will

bgdys_ed f burrt&m&dneé@nwgerﬁlrb$uclgumnleguésf@a@repolmn;wid@@rar@rsuaah@i for e abeve
Speci {1 callyiSuF REFme LU SRR ERRREh Lo Shas A0 (age- el at ed macul ar

degeneration) and 15gl aucoma. The "dry" form of AMD, al so known as "central

geographic atrophy", results fromatrophy to the retinal pignent epithelial
ayer bel &BEH@%&M%X@%W& MVEHT'Qﬁi ch causes vision |oss through | oss

of phptoreceptors (rods and cones) in the central part of the eye. No
medi cal or surgical treatnent is currently available for this condition.
Tr eat ment dcaordingts a fissd dspeci ef the inveyyiost tereyre beovidet polypaptiggsewhich

Institute) include.the use of vitamin supplements wth high. daogses of

ant 1 ox| dafPePrsHELTE anioedontin Aok FEihiE oMl Wi iR B o ary
macul ar degrsessitdpenf Abatic @me d Secoridl iBRAGRoYIBBIIM Sihgiedv =R domaimsi de t he
eye increases, causing irreversible damage to the optic nerve and | oss of

vi si on. Awhisraspesifirallyibirds 0 @ Reeqrishepitore ebhibeda, weeigin eaid diestiand said

experQL_ men%@l:or% 85&6’6@3 of A-beta are not identical epitopes, i.e. are different epitopes,
such as e.g. the N-terminal epitope (SEQ ID NO:3) on the one hand and the
central epitope (SEQ ID NO:4) on the other hand.

Preferably, said first and said second immunoglobulin single variable domains

30 each essentially consist of four framework regions (FR1 to FR4, respectively) and
three complementarity determining regions (CDR1 to CDR3, respectively),
wherein said first and said second immunoglobulin single variable domains are

covalently linked by a linker peptide, wherein said linker peptide optionally

-10 -



25and i nduces significant retinal ganglion cell apoptosis in a dose- and

ti me- dependent manner. For therapeutic purposes, the pol ypeptides of the

i nvent i orwonoplarssaceut i cal conpositions conpri sing suclkrCpaPy@epsiodes nay
be adm nistered to a human 30being in need thereof by e.g. parenteral (esp.
i ntravenous or subcutaneous) or intravitreal (esp. for the treatnment of dry
AVD or gl aucoma) injection Furt her aspects, enbodi nents and applications
of the in r it i nd the
appended %ﬁﬁ?ﬁ@e ﬁﬁ%?ﬂ%g ﬁ#@igﬁﬁt 6@ﬁl @%ogﬁhsﬁﬁigﬁgﬂéépgg?earch into
A-bet a b|ndnwgogmmmdhanﬂeaamawedkmmmhas al ready been carried out and

al t hough highly specific antibodies 5with high affinity to A-beta are

al ready avail able, the inventors succeeded to provide a group of A-beta
binding e AP ASreNbRIIBRAAd RN SUBRAIGHRIHARSDAN S |eafa9.ab%r@orﬂaw3ng

still even better 1050 val ues than e.g. anti bodies 36% (cf. e.q.
Tabl es XVl are preferabhnantiatycdomaiespenore pogfendily N Hid éomrnSe@ndvaesn@@ for

demonat r aPEaerd PR it FiBii os known in the art are i ndeed abl e

to reduce arryl oid plaque load in transgenic m ce overproduci ng A-beta

(' maxi mal |E)Fgaque | oad reduction achieved by adm ni stration of nonocl onal
ant i body g8marUNaoiliResingleyaciahia ¢orpains aemprisgdueshch nelerside®ft o be
about 609 i d plaque binding. Thus, such
conventi O/?’l ﬁ\/gpt@?ghlpﬁ@’caggﬁg)\(/éec%%trﬁ&ékﬁave | ess potential in si tuations
wher eoa dFRECH bCDrR(mgl oFR(‘n)Q -8®DR(1°}2bd¥Ia(1r)®l-mRe1 )Bo FR(b¥t,aarpl esent i n

the ?LSeﬁﬁ%yr(iﬁié&@@é}129?8?5%@@%@5% SRR R RoREaVe S5aENEbE nd ¢ o
anyt of d 20pLAISH, GDR(AHIRELPTBPINRATHAA ofiskARyeR of remove vascul ar

anyl oi d by pronn |ng si ca ssocl ation outincreasing the risk or
i nduci ng ritbecminoradthgeguentes\easording t@&ﬁlQ)lllN&ﬁﬁ\dﬁE@dﬂ) MO 16 tanel
severity of AD, this advantage of the polypeptides e .nvention may
prove to bearﬁ@m%rsaﬂwn%e\gwpﬁ npvE B Bl Al D (PRl BioTever o
o pa et R B B B S e ver
many year @ccqndm ta aE@dMQ/Bph@Em@. ‘461 fespegtilytaingl A- bet a bi ndi ng

pol ypepti h h pl aque bi nding capabilities
provi de agﬁa%@%i? g%agtggr}té{ﬁllh%p?qtip §ér§s§;tﬁ§q¢*§d to conventional anti-A-beta
anti bodi es tHesphinbektid Sedlshcar dccordingttd SEQIDINDGAY; ehgrently in clinical
trials, Ponezumab, has a specificity for Abeta(x-40) and does not bind to

A- bet a( x- 429mlnprﬁcl¢rﬁp6uerp%&%wg@h.f@vgp&'ioégr% pA@fer@bm updottwer apénorexpect ed
to shjft QURY

A- be?g(x E?El? c?@é)é ﬁ%gglnotbras@f}céere%@%gj t%r ese%fn rﬁ&n\s/gﬁtsgogr © g%cceeded
to provi dacéemla’EgatdaﬁSIEdzl IgN@oi @cul es which, by binding to at |east two
different epitopes, are able to capture the A-bet a(x-40) and the
A-beta(x-42) in order to neutralize toxic effects of both species. Wen

conpar ed WGRRINBY: (A1 S LEEIEBS I SRR coldigpbypept des of the

10i nventi on can cture eaS| gui cker "and cheaper, have a
hi gher - the amino acid sequence according to SEQ ID NO:19; and
25 - amino acid sequences which have up to three, preferably up to two, and more

preferably one amino acid difference as compared to said amino acid sequence

according to SEQ ID NO:19; and

CDR(2)3 is selected from the group consisting of:

- the amino acid sequences according to SEQ ID NO:13 and SEQ ID NO:16; and
30 - amino acid sequences which have up to three, preferably up to two, and more

preferably one amino acid difference as compared to said amino acid sequences

according to SEQ ID NO:13 or SEQ ID NO:16, respectively.
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stability and | ow antigenicity, and nmay be suitable for nore conveni ent
adm nistration routes than injection or infusion, due to their small size
and strucwvorel/mosoe specifically, production of the pol ppemreadesswbot he
invention through fernentation in convenient reconbi nant host organi sns
such as E. coli 15and yeast is cost-effective, as conpared to the

manuf acture of conventional antibodies which require expensive mamali an
cell cult aai | LLf - i i~evanl; ion are
i gh and SrEPaeTySEEPOPHBdR SRNE Ao S G Bl ORbWRIECERE e of 1
to 10 g/ | séguemeds (nuanxktring asoindiTatgd in(theqstragrapt atmve): The pol ypepti des of

the inventi nmr | ybl e, 20neani ng they may be stored and/or
admi ni st eFe(gBBzJiﬁi' g%@i’ ﬁgh@ﬂﬁrati ons conpared to conventional antibodi es.
They are st@bRgipt Sgempb@mpepature, meaning they may be prepared, stored

and/ or transgorted w t hout the use of refrigeration equipnent, conveying
cost, 5ti me GRR(ERVI BEANEANGD:18avi ngs. The pol ypepti des of the present

i nvention hi i l,gnged stability at 25extrenmes of pH, neaning
t hey woul da(t@%gﬁt a%IE? f%ﬁ{f(gé?l very by oral adm nistration. Furthernore,

t he pol ypeptbggs)2of SEHweID N@nBi on do not need to conprise an Fc part which
is present in "classical" antibodies, so that side effects caused by Fc
30ef f ect or €HRE2IBONSEQ IR NQd9conpl enent - dependent cytotoxicity (CDC) or
ant i body-g pendent cellular cytotoxicity (ADCC), can be avoi ded. When used

in anti-A-beta passive imunizations, conventional antibodies (having an Fc
part )i ar e- SOBR¢ted SER Hod@ind for the induction of m crohenorrhages

observed in 011/107507 / EP2011/ 053090 humans and ani mal nodel s,

whi ch are'a@@%éﬂe%ﬁbhwt Qrgeti ng of cerebral vascul ar A-beta deposits

( Cer ebral ﬁﬂb%ﬁ ag@'c%nA@ ¢l €adi ng to m crobl eedi ngs via ADCC and/ or CDC
on, ,

(W cock, S Neurol. Disord. Drug Targets (2009) Vol.
8(1):50-64)CDR(ZHus SEIBIN@MAIYy, the pol ypeptides of the invention conbine

t he advant char rjsti,cs of conventional antibodies, such as high
specifici f?@%@éﬁlg%ﬁi@g@\}bty wi th the advantages as outlined above,
and have sucpR(3)379BEQ MPNYY-4d characteristics with regard to affinity and
specificity as conpared to 10conventional A-beta binding antibodi es. Wen
conpared ©6 A-beta binding VHH domai ns already known in the art, such as
the VHHs d ibed | /040153, W2007/ 35092 and W2004/ 44204, the
pol ypepti agéﬁgd)ﬁhesl%mﬂgshow significantly inproved 15bi ndi ng

charact er LSCDR$1)20M SEQ €S PETH8t 0 the binding to nononeric A-beta as well as
with respect to binding to aggregated A-beta (cf. e.g. Exanples 3.2 and 6
bel ow). MreBRét)3:t BE @ngi des according to the invention do bind to
bot h NOMER } -be li4as anyl oid plaques, in contrast to VHH
domaizgg age(ggsﬁéﬁ1be§%ecf§?w'1\1ﬁ02008/ 122441 or in Habicht et al. (2007),
Proc. Natl.CBR42)2: 285¢h ID M&A1204(49) : 19232-19237, which only bind to

aggr egat ed | 0i.d plag en nore, the VHH domai ns of A-beta binding
pol ypepti de‘ggé(gpne%ﬁhﬂﬁﬁ%ﬁ bi nd equally potent to human and rodent

A- bet a, agr:shown e.g. in Exanple 7 and Fig. 2. Binding of the biparatopic
pol ypeptide of the invention even increases the 25affinity to human as well
as rodent -/ CDR(B)1by SEQ H2iN»:18f at | east 103, as conpared to the single VHH
domains. T e ides of the invention are ideal detection tools
acr oss spéw@g(ﬁgr g%ﬁﬁ?@@? -rel evant A-beta fornms, such as A-beta(1-40)
and A- bet a(@mﬂ%))&a@m\qmm@;hg use of esp. rodent animal nodels for
preclinical and scientific research. They provide superiority over

30ant i body GDR(AHi: cBHEE HANQ:d4A-beta with a significantly lower affinity
and which i . Sg-reactive to rodent A-beta. There is al so
superiori tyégge%%érr\pl\gﬁquycgﬁa body n266 whi ch recogni zes rodent and hunman
A-beta equaCDbR(ME: | SEHUID Bi@g6:-reacts with N-termally truncated versions

of A-beta, such as p3 so
30

According to a specific embodiment of the invention, the polypeptides of the

invention comprise, as a first immunoglobulin single variable domain, the VHH
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WO 2011/ 107507PCT/ EP2011/ 053090 that this antibody is not useful for
certain tests or assays relying on the specific detection of

di sease- reDevant7R7bet a speci es, such as A-beta(1l-40) amdTAP@Etagin 42) .
5Finally, biparatopic anti-A-beta VHH constructs according to the invention
gain affinity by a factor of >1000 fold when two VHH detecting two
different A-beta epitopes were conbined, which is in clear contrast to
those conghpiel Apflio3s!(QEed DF\IC?AQ /?11‘69&58% Q&%dqw%%&ﬂﬂm@h gieepti des of
the invention are also use or “’di agnosti Cc pur poses ased on“their
affinity (asealsietdonnaip)the bt dbimaiin ABIMEOHSESY Y Q45 mirtviqeegeraa. wel | as to
speci es), and other characteristics thereof as outlined above, as conpared
to other A-beta binding nolecules known in the art. 15 BRI EF DESCRI PTI ON OF
THE DRAW W@n@sﬁec%ll?b%rrbb%nﬁ&%%ﬁ? sRfchf o%ﬁféﬂﬁ@@‘d’l‘%e@‘n'%h%ﬁ' 40) in
plasma after i.p. adm nistration of ABI 132 Bl 1322, 3D6-19gG and nR66-19gG
as detect eddmohaH;y Q@@ptlees arjadfdife emtendmgmreletyam@@@’abb/ caveently+®ked Bepi ct ed

(132" nrol PRSI b a8 Seitos BRBibleRzls o AR A B “Vc a0
(132 nnol 4m§mno§|dwnn@@m) al A g18eI HiRding rorety (e . arcang-aahsRIfioNs for

| gGs are calculated per binding site (2 binding sites per 1gG nolecule). 25
Fig. 2 sh&WBUNRelapiuiaidegain), & mlwhalteaggéy%m %@%@t%rﬁﬁq}m@ﬁﬁﬁi ruct,

511 R AR ED P O T P

2011/14075@ieEinER2E ah/D5E0R0bihdimgaieptileand ot her aspects and enbodi ments of
the invention will becone clear fromthe further description herein, in
whi ch: a) Unl ess indicated or defined otherwise, all terns used have their

usual KV:eg;g?Eéélflé Q?nb%ﬁﬁme?‘i‘@'d?'?h r{\)enlﬂsn 'r@ bQIa/BQ&k&é‘é haBdg BRMERR0

Reference or exanple nmade to t st an such™ as Sanbr ook
et al, Nbbeic&dca.renﬁémls’f@ernL&E@rlﬁ)tNOﬁ Mattw%ﬂ (Fc(m{brEﬂol)/pep}t(d%) 3EQ, Cold

S0 L B SRS AN AETIBE A sl B8 Ser 'Y
Medi cal PylibLsiH Bihdi |Wﬁ0no§;\i9b{JIYr9§|Kg@\6ér%9é do#ﬁauwéuoraeowgebﬂfesseneral

background art cited herein; Furhernbre, unless indicated Otherw se, all
met hods, &ngEEFQRMAEE0S Aeﬁad4&5&“%114%1('?5@3'%%90@@@@1@8)5peC| fically
described in detail can be perfornmed and have been perforned in a manner
known per se, as will be clear to the skilled person. Reference is for

exanpl e agaepdgseptides ohene invadasnl pheEeipnplind, Withtdhe eraranrahufsgsigipund art
15referred to above and to the further references cited therein; b) Unless

i ndi cat edStdHRVaiiade domaineifdhe AbeiaciopaIdsined iy SEQHBIGr o6 i n
sequepce” ¢ W&tﬁﬁbﬁege&o{)\ﬁ éﬁ'aﬂofh%rﬁrﬁﬁﬁfno?%%hﬂ%%’ﬁfe GaRLB e HYHARDY 1 to a

conventlona y - are used ener terns to I nclude both
t he ful |l - A20stazepitaptidefidgd HynSEQND NOdmedemMepSOpél)erlﬂn‘n mase pﬁdﬂarm,al |
parts, domains or fragnmepts thereof |ncI d|n but not limt

ant i gen- bSHEM REIYRSRE ‘i?g% gt:hef'P‘é '{J Pit @@%@W@%?C'&VWL domai ns,

respectiv t for exa Ie
p %%Qartak%qgl &P8 e) ”I‘Q Ialéﬁ’i%zntl Seque@e%ﬁb%( mp

interns [l obu I'n s (single)
vari abl e mﬂmrtate)anjdeednelman A{M&t&@epeqeéﬁiE@ IEbNO b)r otleg ICSkyalers@s), shoul d

generally be und ncl.ude both the |l evan 1 cid sequence as
nel | s nIRBSLEES o TEE R a5 By dur M AR S iR e cane.
unl ess t hapHEBDEXSECEAY NCRS 06 a¥ompetiibrisedf. IEXafipié et Rtdreibreferably in the
range of 10 molesl/litre or less, and more preferably in the range of from 5 x 107"°
moles/litre to 1072 moles/litre.

30 According to another aspect, the invention relates to polypeptides comprising or

consisting of an immunoglobulin single variable domain essentially consisting of

four framework regions (FR1 to FR4 respectively) and three complementarity
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30c) The term "domain" (of a polypeptide or protein) as used herein refers
to a folded protein structure which has the ability to retain its tertiary
st ruct ur ewprdepenident | y of the rest of the protein. GenecalHpgi11463vaé ns are
responsi bl e for discrete functional properties of proteins, and in many
cases may be added, WO 2011/107507PCT/EP2011/053090 renoved or transferred
to other proteins without |oss of function of the remainder of the protein
and/ or of 4 | u é)(ﬁpé;l] rein
refers to tétbgirﬁl@ﬂ?r@g'%g.)(%n 0 e(gleg @EQW%aMEEéiﬁ |da11(s:Dg\SS a g%il n of
a convent aondefided haifolloswst i body or of a heavy chain antibody), or to a

pol ypepti de t iglly consists of such a gl obul ar region.

| mmunogl obu@bﬁqdo%gﬁhﬁidhar acterized in that they retain the

i mmunogl obugprot oggc{n@mqgri stic of antibody nol ecul es, which consists of
a 2-layer sandw ch about 7 antiparallel beta-strands arranged in two

bet a-sheetsCDMOpSE@]bﬂ)Npéﬁabi lized by a conserved disul phide bond. e)
The term "immunogl obulin variabl e domain" as used herein nmeans an

i mmunogl oBlIin domain essentiall y consisting of four "framework regions”

whi ch are-rebgrredE®@ID NO-ha art and herel nbeI ow as "framework regi on 1" or
"FR1"; as 15"framework region 2" or"FR2"; as "framework region 3" or "FR3"
and as "fra@@ﬁ@r’ks%%ﬁ‘ "150r " FR4" respectlvely whi ch framework regi ons

are int erruyg §E[%g[ q@rrpl enent arl ty determni ng regi ons" or "CDRs",
whi ch are re ErF e he art and her ei nbel ow as "conpl enentarity
det erm ni bg regi on 1 or "CDR1"; "conplementarity determ ning region 2"

" B& ﬁ%@ﬁnent arlty determ ning region 3" or "CDR3"
respectl Vé|§ Tthu éral structure or sequence of an i nmunogl obuI in

varlabled o ated as follows: FRL - CDR1 - FR2 - CDR2 - FR3
CDR3 - F%BR?t ?’gc?ﬁ%%nogl obulin variable domain(s) that confer

speC| fici tyCDR3anSE|Q Iboly:1Bor the antigen by carryl ng the anti gen-binding

site. 25 The ter i mmunagl obul i n si.n a as used

ner oi n- e @t 1S RONRERIUEF GOTPT ORI SoBBag R A H S 0 L 2giino

specifi cabkiy éédﬁu@n'&g sefeciéd ﬁ*Bhi t‘PlléQgr@prchﬂs@ﬂﬁg SEBE® INGs:REF fol Mo Wi th an

addi ti onal_variabl e i munogl obul i n” domai n. One exanpl e of |nnunoglobulln

si ngl e varhabe @otipertides are usrfuhiuilding begss or irtepnediatas fonthent i on are

ana w1 (VEPHBTSRR o e Bl BIATRY o teblogt RPafod A ditT e

single vaf.rsatalspedmr&hgsnwrmonVHH dormai ns" (or sinply "VHHs") from canel
ids, as defined hereinafter. In view of the above definition, the

anti gen-bi ndi ng domai n of a conventional 4- chain anti body (such as an 1gG

| gM é)gA AcBbt g &ﬁr@%lrgggé ltﬁ At 2 é‘ért% ﬁf"gm%‘ﬁ?nkeﬁé@gmm a

F(ab'™) 2 fragnments as a |su v or a scFv
fragment , eapressidinaeadyrs( abi;t deﬁey\and mdtth@daot r)nadafacuﬁdwg‘ used mubb
conventi onal 4-chali n anti baod woul. d norne Igl not bhe regarded as, an

i munogl oBIRGUSHEN B BePh g Rtiier T dBsiT ventigs. Nugleitaeid realgeidles gngading the t he
t I ] |
respec 'Vgufi@kﬁbg@é‘s 8fth%ﬂn€%ﬁt|cﬂweéhd"8é’ g ?%rml S fd?FrP%r %%f]t%%r@& ngl e)

i mmunogl o omal n but a palr of (associating) Irmun n domai ns
10such as réspgetivasdpression vﬂatons wardhalibies rdayr’aensansfecéed into dostealls yedid  of

L a2e, RS OR R sAAbrS b el of i SRRt S 2 bty
15fr agﬁenh%th@d‘éf Mﬂﬁumtu tmanlg}%enpﬂge@tﬁélskepmlt@ﬂﬁgrthé)ﬁes%em he

anti gen bindi ng mrrunog] i'n (variable) domain of "heavy chain
ant i bodi egnder cenditons' et B%@Ml%@r@@mﬂ of e nalypeaptigdeareeoveringuthg s- Cast er man

arer o R PODRPYTS NS SRR Far BRIRE BAr B oI Eln FEAE chainor: Nature
363, 446-448
30 The polypeptides of the present invention are specifically useful in methods of
diagnosis, prevention, treatment and/or alleviation of the diseases, disorders and
conditions as set out in detail below, and, especially, for the treatment of

Alzheimer's disease (AD). Thus, according to this aspect, the polypeptides of the
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20(1993)). The term "VHH domai n" has been chosen in order to distinguish

t hese vari abl e donains fromthe heavy chain variable domains that are
present iwoconvemoronal 4-chain antibodi es (which are reCemredi1ts3oberei n as
"VH domai ns" or "VH domains") and fromthe |ight chain variable domains
that are present in conventional 4-chain antibodies (which are referred to
herein as "VL domai ns" or 25"VL domai ns"). VHH domai ns can specifically
bind to a ki jt t: j b i i ndi i as opposed
to VH or m\%@gﬁgpﬁlls%ﬁré gHégmﬁ?ﬁ{oﬁafB%rc alénbggﬁlt%rﬁgdﬁg?ﬂ’qﬁia%hé case the
epi t ope i snedecagented they/traatrherd patte wiattongent prevemiiarhota didedsapdisdrdevidr

d i mal | bust. d efficient tl i ti its f db
a si ngl e CRAGNON WSTRPRNGB A T2RKeing. SHEN dihase: SPTagresoadlion Beili@nt i on,
the €1 1S SHdd aipBiTine Wrblun YohtidoRRbne Vcklegahérandy ofscRGEBBY aisdribiant i body,

bflne
as well as "Nanobody0" "and "NanobodyO domai 0" (" Nanobody" being a tradenark
of the coffrheimens giscaseienentia of SeE7RZNeErR0YRe06FeMRI MNMYIQIdGhent ;

Bel gi . dj . I d t £ | obul i
o ngl o vaph et AL TR 28 BaBRG Bhiviort 3Rt Bt Srot @ nost coutin
CDR2- FR3- GBRStitalf cabrainrphdrirtade withiandliodobie cth€ Dutepe/p (HOMWA-Eyui ri ng
the presence of a second i nmunogl obul i n variabl e domai n), and which are

5di st i ngudementiarmt Mewy Besiess fioptataeposaldaparcdegansratinm. BlaucoMfies”, as

defined i .« El : - am Ld.resi - a VHH
domai n ar g”ﬁ’ﬁ’%@&ﬁ@ﬁg%@é’%@% gb?fﬁg}cg@%@r%é nﬁ%ﬁ@&?%&gf%ﬂrﬂi%ﬁﬁﬁgjﬁai ns given
by Kabat disoadier if'aBesiderny aunfanmulliedtner will Bdusediforltog dEgjnosistafrsesh”, US
Public Health Services, N H Bethesda, MD, Publication No. 91), as applied
to VHH doftSesses dispides@eicraditiocls shown e.g. in Figure 2 of R echmann and
Muyl der mans, J. [ nmmunol. Methods 231, 25-38 (1999). According to this
nunbering, FRl conprises the amno acid residues at positions 1-30, 15-
CDR1 conpin additibhdo #mé aboasithe pebjipeéptdesnof hesiresentsin@dntRi areFpeoimapy i ses

2t posi 11 bastbi e eatee iRty Ao (rEeTRAT Rk celRIEE R A0S 1 ons.
66-94; glaucoRR3TIRO MY iRtk SNAMBITIaND Rifdwh BESEEMES qRlogPastié BEBENPS- 102,

and 20- FR4 conprises the amino acid residues at positions 103-113.
However, Fesultsdiand aephytiethe reinal pigsnand epithpliadhayer Retow e apurdsensom

cach of  REMEDMIHLGA P MSh Oag rhBhdt SR e BeRre BERAE EbaehAGioBEs of "
am no aci ¢h thestahtes partbfeias ede bo thedikalatsungiehier éateneit ibéurrgntiyone or nore
posi tions accordi ngt to the 25Kabat nunberjing may not be occupied in the

r

act ual se@gVairkie forrthiseongitianiTreaimpiie avalaple satfal (¢ sroyugassiasobytied

resi dyes : h I .he . mgm < a); L ans

t hat %ngnyr%glpp%ll, §¥%wgﬁﬁféggiqcﬁ}éﬁgg%8frsg%g\ﬁt g"ﬁggg@em&ly %Wnﬁ%}gwlgp b%%Eﬂraespond
to the actntbxidaniseluteig arid 2dexaathimovkichanaesloduthe progtdssicncefgrly sequence.

30 Alter nativ? rgat hods for r?unberi ng the am no ac, d, residues oJ \AH domai ns,
whi ch macular degeneration. Glaucoma is a disease where fluid pressure inside the eye

increases, causing irreversible damage to the optic nerve and loss of vision. A-
beta colocalizes with apoptotic retinal ganglion cells in experimental glaucoma
25 and induces significant retinal ganglion cell apoptosis in a dose- and time-

dependent manner.

For therapeutic purposes, the polypeptides of the invention or pharmaceutical

compositions comprising such polypeptides may be administered to a human
30 being in need thereof by e.g. parenteral (esp. intravenous or subcutaneous) or

intravitreal (esp. for the treatment of dry AMD or glaucoma) injection.

Further aspects, embodiments and applications of the invention will become clear
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nmet hods can al so be applied in an anal ogous manner to VHH donmains, are
known in the art. However, in the present description, clains and figures,
the WO 20020100307 PCT/ EP2011/ 053090 nunberi ng accor di ng@Cr®PR@Ebas3oand
applied to VHH domai ns as descri bed above will be followed, unless

i ndi cated ot herw se. The total nunber of amino acid residues in a VHH
domain wll usually be in the 5range of from 110 to 120, often between 112

d 115. ] . 0
an k@n?@fégﬁjﬁgreppgée’&r tfoR Mm&%géﬁ%ﬁg@@'nb@wr sequences may

al so be suita urposes ‘Fur t her
structural characteristics and functional properties of VHH domai ns and

10pol j d i ni th . i zed,. foll . VHH
Lopel ypentice_conl 160t b s o e TR Sed g Al ot e
anti gen Wahhesdiet heskiRa8) tReffoardddl ot érﬁ@ﬂﬁh@e@h hi@rﬁfs?ﬁfédiﬁﬁ‘ar‘fﬂtﬁaiesa l'i ght

chain variabl e domain) can function as a single, réelatively snmall,
f unct 5 onawithrhighy @ifinity30iArbetagarstaligadyravailabliet thedionantorssugasiegedsoi de. Thi s

di st i ngui shes e, VH ins.fr. H and VL_domai ns_qf conventi onal

2 ohal b antoattRasctRT AP il hdlBelts B bod b R3e8. i Fea for
practical charictéristicone. asard Raling a0l egembebbNEIWvALES Eidise @ ahfibddieg! obul i n
singl e variable domains, but need to be conbined in sone formor another to

provi de a3P8rnd 61280 (shis grelrMe A hdheRvmanizedberunteparisafviieh athvent i onal
ant i body n Eab.. 11 scFv's, which consist of a VH
domai n co%gﬁgn ge%tié&n@éﬁégpgg%é@%%gﬁ%%Tné&;é(:ause of these unique
propesties, the use of VHH donains - either alone or as part of a larger
Convent i offaPadoR- UG hEPvd Desdarons e St i ARt PEYES NP Rmont s
(such as - 'ahd- W@é: i pgﬁég i quired to
bi nd an aErfl?]geeénH\?mFét ﬁ]laﬁlbgrgt{ﬁl Inity fmﬂdzﬂgﬂ?%ﬁﬁsogpgctl ?P@ng% that there
i S no needvemrodveang vebstagaradreadoague togr reseistion mchieved dysadmeintsrationhese
two donmins are present, ipn t ri ght spacial confor i an_30and

cont | gur b1 BRNpEana SRibRAERe b3S nFhaSsS paTMS AL eYEa Beker s, as wi th
scRV'i8);  pMblbHERMR BES abEUt 418 £8% SR ftRddl MRPB & aTkE Sn®yISiffaqilbingfiy.r € no

post-translational folding or nodifications;, WO o
2011/ 10750 hreTsUErRCINVENEg08IcaNtipEEy doambe expaeteddeinayehesepefentiariad i nt o

Vit domei ALeaR e BBttt BTale HBR bl BB BERS TR BB e (s
with the apiyssiddg irey@ie@bﬁh?e@bbungﬁimﬂor@mrwn@ﬁt.d@%@hirbﬁdhbrset&\,&hé et al.,
Nat ure 5341: 544-546 §1989) ; VHH domains are hi y stable to heat, pH,

hi ghl ,
pr ot eases IeAIEIEGTE tqjgewaé@érh@a@ﬂndiwmqle@ﬂgs Mehich PiRG4o afjoide
prepaped, gﬁatc@reédan?irar’ertﬂefe‘?éS’r{et&%ﬂule‘é‘f'téd“%ted%& or$€mdle rv%EEblBPéﬁFy\oi@ S

equi prment onveyi ng a cost, me and environnment al “savi ngs;
domai ns apeoreatiyg physicaldissootdtions hdthput incpeasiay the rdskeor indueingcal e requi red

for production. For exanple, VHH domai.ns and pol ypeptides contaj ning the
sanme can BUCTSPEMAEPASS: RS VasevIBbAED GiRrHaronaish Wi e seyerir oA,

descri bed gl 0 BbYbEAIIECol e ot RBVERLY RRSIHH

syst ens, as§®9‘é)%nl?§r€ dix aﬁgpgb gghnld\j/ééﬁ?f o%&ﬁ@nﬁnb@g r aéé‘%elﬁ%( E é %El-aq\yHH

domai ns aueetublrathievedatmembbf |atersgiage iomseeene AB, k@dhegcat et expestathtd | er
25 be particularly useful for the treatment of patients which have a high brain

amyloid plaque load, accumulated over many years.

Thus, in summary, the higher affinity of the A-beta binding polypeptides of the
invention and their unique plaque binding capabilities provide an unexpected
30 superiority as compared to conventional anti-A-beta antibodies described in the

art.

-16 -



than a conventional 1gG conpared to conventional 4-chain antibodies and
antigen-binding fragnents thereof, and therefore - show high(er)
penetrat iwo 20n@7307ssues and - can be admi nistered in RrCFEPRO1dOSI®Y0 20t han
such conventional 4-chain antibodi es and antigen-binding fragnments thereof;
VHH domai ns can show so-cal |l ed cavity-binding properties (inter alia due to
their extended CDR3 | oop, conpared to conventional VH donmains) and can

t herefore ; ; enit.ope ' o nti onal

i chai 1 anq PRy EBE8y OBl P AR D oRe Ay RS FpPeo o RERY20e o

obt ai ni ngbetdix-ddrandsidesmiitinind  A-tepa(ei-42)c thentape patintogepiic speciéaire been

descri bed rlier, e g.in W2006/ 040153 and W2006/ 122784, al so
dosor | bedALhandl i tTettrp PO C ORI A TR el A BRI ) bR B be
" humani zegswdiysiREhGEE Ado&BE-2) SBEGeRTh RBnREShERSH R SHreSehtRvéitbRO aci d
30sequence of the original VHH sequence by one or nore of the amno acid

resi dees shegeasesiio piovidkeA-beta isgmgdinakpcptesi which( 8y binding teHatdeastitwof r om a

can- cont atesraCSteRsRCaie Y AR MATERIR LT S BRI A4 T an
WO 2011/ 1875y tBRBUEBREL I X5 8fd6is & ebtHdpeciefeci fi ¢ enbodi nent, can contain
human franmework regi on sequences derived from DP-29, DP-47, DP-51, or parts

t hereof, optionally conbined with JH sequences, such as JH5. 5f2) "Domain

ant i bOdi e Y " " , " 1 i d' n .n n (t he
Fer e Do AT PEY Bonyeiddenit R OGPt Bl RIS e e

G axesm t ifdleintion ganue whnofaohasden)cthessiehegickde sodidhedpen rave.a Mghdr E. S.
et al.: "Bindin tivities of a repertoire of single im’runo%jlobulin

vari able & It)ﬁg”gi‘é\f"%ﬂem‘%m H@Viq,en?'léta@g‘? for-mQEe: eRVeseM 544- 546

(1989); i ¥ i I LBOdHES: | r erapy";
RENDE | o ministr tﬁ%rﬂgg{}eggh(afﬁn!%ﬂ ggfbﬁggh%%gogﬁié to BieH St sklardior apy -
ant i bodi estrestweatMaitd gpexiiicadly ppredution béthétbaypaptidésmditing irnfentioncanel i d
manmal i an in Eart irﬁu" ar. human 4-chai n S.I’lt i Fﬁdi es. In or derh t o_bi nld an

epi t ope ad"RUER KYMEAYQY K CHIVERETY e Rant nest QfpeRiSIHS $ENRP baf?ed wi th
a VL or 1aMh ydashishost-efeenid, 8l comsaresitd e ARInGFAdtGR dfonvdRtomdlt | gen

bi ndi ng proEerples is required, e.g. by using libraries of human single VH
or VL domahhbe@igs eviiessrequigesxpeasiviesoaimesalizaves!l ¢ultiiee fagiitiesa nol ecul ar

Pl by nanb DR iRRE sEnteyati BB RS R s R Bt o e apeut ol
use in hupgsipephides 6f theaneasrodreVhith@ Pslegepons to DY (& eoNedrd ey s eesed

al so in prokaryotic expression systens, providing a significant reduction
i n over al B/In¥ersthaddiMmaig. déstPolyrRiidesLaiithe swiesson ase iare setublgiH domai ns,

can subi - (Wall i : LOf i - re
terhe s oMl Mok bB SR8 adRitoldd Pt brRRRIAlOR E |
al t er at i ooempesed to convemtionplr antibdbdidd. iTielyyarefstdbie at esorh témgeratorgnogl obul i n

single variable domain for its respective antigen, as .co red to, the
respect i vE'§AY Kt %P@K&?&reﬁ?‘ﬁdmﬁ %@%@PG@&FQF&%H@@M@\S&W SUSRYPE vari abl e
domai n nmo ioBfediiemi ' in the
arts for Lo e e B ek f SR EA e ST,

10: 779- 7880lypepBdEnobthe, present inyertigval serexbibitNaprolgxugedt] stgbility &iSA 91:

3809-3813.;:, Shier .et, al., 1995 Ceng 169:.147-155: Yelton et al., 1995,
Coariel . esSMmegel Drhaneaniag iy wanic ke Suikbl o el R8T 1 24t 1) 3310 o;

Furthermore, the polypeptides of the invention do not need to comprise an Fc
part which is present in “classical” antibodies, so that side effects caused by Fc
30 effector functions, such as complement-dependent cytotoxicity (CDC) or
antibody-dependent cellular cytotoxicity (ADCC), can be avoided. When used in
anti-A-beta passive immunizations, conventional antibodies (having an Fc part)

are suspected to account for the induction of microhemorrhages observed in
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WO 2011/ 107507PCT/ EP2011/ 053090 226(3): 889 896; KS Johnson and RE Hawki ns,
"Affinity maturation of antibodi es using phage display", Oxford University
Press 1990 2hB)10Fert hernore, it will also be clear to tireTgiPRO11O680pRr SON
that it is possible to 5"graft” one or nore of the CDR s nenti oned above
onto other "scaffolds", including but not limted to human scaffol ds or
non-i mmunogl obul in scaffolds. Suitable scaffolds and techni ques for such
CDR grafti j - : el - . i genic
determ nahp ﬁwa?‘n\%ﬁal C Qr\({:ygqr‘?ll ! @66%30%8? %%eerggﬁ%ér@%gﬁy I;[/rfgrtée@gﬁn??ﬁg ﬁreéﬂgéllrt of a
macr onol evaseylasAdietasiepogitd (Grrpbralemyt didtangiopatibypgeadied tby ant i gen- bi ndi ng

vent 1 oGRS T AL 41Oty o M e o5 Bl 1 B8l o
mol ecul es pidRit PRRS THRILO 200 VBI N8 (MyBplE4)di ng site for an i munogl obulin,

and thus represent” the target of specCifici'ty of an 15i mmunogl obulin. The
part of an antigen-binding nolecule (such as a conventional antibody or a

o 2t ope. 10 mstEnt 8 Bk ied SFRE b7 g Rie Bk R stla(Raehls
" bi par at ophgracesHsties of ceavéarionaeantittichés) stiehlds HgRRpacifelty arehighe

conprising a fLrst_lnnugﬁﬁlobulin sin?Ie vari abl e domain and a second
i munogl obalechVi&y, ndihethgadvaptagesafaPulingd REPYS AL RBUPHEEIOE n t hese two

anti gen. WPEEPETaBRaTs) R iy Seafifis aiieRiion, T
g

monospeci tonventiomabglwdialbimding aetiboadies. a conventional antibody or one
i mmunogl obul i n single variabl e donmai n. The bi paratopi c pol ypepti des
according to the invention are conposed of variabl e domai ns which have

di fferent i iof A Gl A i i ' I{H&AE'F‘" I ntary
vari abl e domarl§ ﬁ&ﬁg?f@c!\?}ﬁc%r?&éblﬁm”fd;q{_ﬁgdg@%{e&g%f%g]e T ely tgg%?ﬂjegpglﬁgre not
30conpet e asithé VieHdhdesdrired io\WVRI20060# 16 3AVNRRQR07/BH092 potypept i de (such as

e
2011/,30758 g El?gr%@:ﬂér%ﬁégg?ilﬂbF%éﬂeggidgﬂhb?ﬂ'dgﬁgﬁg nﬁ’orfdr?&ﬁ@mbétﬁ%%%% t hat

can "bind to" or "specifically bin as affinity for" and/or
t hat " hasagpyéth respecttoflipding to @ggregatepiA-bple, (Chery.deraropleprdo? and 6 or for at

"G ot aCHEn VoS8T e o AR, ABEATRY ko ik BRI pEBind BbhelPn g
5ol ecul e mriomdras pasdta tag aICas aniﬂmmgm@i Becorraset@t/eidokhirfseaer al |y,
the term"specificity' refers to the nunper of different tyges of antigens

or epi t opE§Serdathe Shim\ERAG& 12244 bart ingdabishiefi 31 (2807 &Jtnoe. blatl afeagen-

bi ndi . . . . ) : bul i
051 oo S o B A2 AR iy bind Ty AGbreRRich oA R85 " e
specificity of an antigen-binding protein can be determ ned based on its

ffini d/ i di he affinj ! d b i1ibri
LTy i o A bl gbeaTis otk bbin PEB RS sh esidl Jos Toichtihy o ef
(KD), is %ir@eﬁ%@ﬁ%&%ﬁte%ﬁhé}%ﬁa rSdS NGRS PRINPE gE P ERARDRIF

q
ant i gen- bi ndi the anti gen-binding 15protein: | esser ?ﬂe val ue
of the KDFig.l%e Bindioggéthe bipakatadicruplynaptidgtdi theinveatioaevepiinapasesthe: he

anti gen- bi_ndi.ng nol ecul e | t er nat] yel the, affini C | so be expressed
2o tHa. af PIHAIyo CunaLAs WERAS TORRN b Heta phieipeiond atleeshdod &8, *Fo”t he”
skil'l ed pepspardd & thexangee/19A doiaiRas Thusf thelolypeptides dlitse ReHtien herei n),
affinity can be determ ned in a manner known per” 'se, depending on the
speci fi c &rg idga@hdetection tools across species for the disease-relevant A-beta forms,

such as A-beta(1-40) and A-beta(1-42), allowing the use of esp. rodent animal

models for preclinical and scientific research. They provide superiority over

30 antibody 3D6 which binds to A-beta with a significantly lower affinity and which is
only weakly cross-reactive to rodent A-beta. There is also superiority as
compared to antibody m266 which recognizes rodent and human A-beta equally

well, but cross-reacts with N-termially truncated versions of A-beta, such as p3 so
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200f interest. Avidity is the neasure of the strength of binding between an
anti gen- binding nolecule (such as an i mmunogl obulin, an antibody, an

i mmunogl ovol2on/®irsegl e vari abl e domai n, or a pol ypepti dePofi/EPh@iosaoent i on)
and the pertinent antigen. Avidity is related to both the affinity between
an epitope and its antigen binding site on the antigen-binding nol ecul e and
the nunber of pertinent binding 25sites present on the antigen-bi ndi ng

nmol ecul e. 4 TMRk: ; AIg <131, nel} ' : I t.1 des of
the. i nvent S anibopf e GRUTE GBI ASRF dostiardik i BB SHBEML' 0o

10E- 14 nodetddtiohef d{ddaserreleyast Advala spetiesatlich 49 B-Feta(l-40Fand Aqpétas?-l i t er
(M or le § nore preferably 10E-8 to 3010E-14 noles/liter, and even nore
preferabl? }0E-11 to 10E-13 (as nmeasured e.g. in a Kinexa assay as
described in Exanple 9.7), and/or with an association constant (KA) of at

| east 10E7 ME-1 , preferably at |east 10E8 ME-1, nore preferably at |east
10E9 ME- 1Firmliyhbiperatopiceani-Ad@ VHEconstrugts Kecaralingeto the invention gain

2011/ 1075QZPCT/ EP 0530 t har - [ e | | nsi der ed
Co 1 ndi catlmmIs B iRaPRE ara P YT Telecliob @i EE L K648

i nvent i onepitbpedivete tOmbhirdl asidcreid iaridgpntathtoanbée beasiridigaiseiseaM
preferably |less than 200 nM nore preferably I ess than 10 nM such as | ess
t han 500 PMV@P¥3#PI85.hbi ndi ng of an antigen-binding protein to 5an antigen
or epitope can be determined in any suitable nmanner known per se,
including, for exanple, the assays described herein, Scatchard analysis
and/ ap co@feoutseehd poljpegtidesalihe isvaitiohsareaals® useuhfmshiayostiBl A), enzyne
im’runoassaﬁs (EIA%2 %1erlﬁd1 sgldwi %h'C? etition assays, @qld the different

vari ants PHEIQSSS, RARRMODENEISAITINHY Sttty ) BRECYICR Wi AR9adr@ SPHARSS wi | | be
| ndi cat ed j3Ga0f &4 RS Eidd)CaRt B hatdLiBistl Blthefed?las ifted dtsvcamsnO aci d
code, as generally known 'and agreed upon in the art. en conparing two
am no aci dospquexhteesther Rebetarbimdiaginmaleadled kdofvhandine att. refers to
insertions, deletions or substitutions of the indicated nunber of am no
15acid residues at a position of the reference sequence, conpared to a
secongd sequence. |In case of substitution(s), such substitution(s) wll
preferably be conservative am no acid substitution(s), which nmeans that an
am no aci éWEEiQElSCRéPT@N@%JHE PRAMONGSr ani no acid residue of simlar
chem cal structure and which has little or essentially no influence on the
function, activity or other 20biological properties of the polypeptide.

Such cons¢ig.at i giowgtiodecredss obfreelunbioand Aabeta(e40) knpiaemianaftdra.part, for
exanpl e from WD 98/ 491 erein conservative am no_acid substitutions

/49185, wh
pr ef er abl pdEyiRisEatien pt ABIIZRA, ABIINRR cHDerRC ANdT26611eCWAS HEISAe’ 2168 | owi ng
groups (i )aft'eE Wécéfr?é[ ﬁ“g??' tf]a‘faislﬁgr&ym?d%o(“n%& @éﬁi?@gﬂﬁ lyfle 'cSHggH“Fdrﬁlllgdt he

sane “gr oup: p nonpol ar’or 's Iy~ pol ar esl dues:
Al a, Ser, bok): veRiote ¢PBISHsgrohd icplupai:aABIIB2Q 4t 3Y emol/kb prtbied colesnrdues and

e S B Sy honiglims! ET Ro ERBRS b
resi dues: n%@@%%‘nridl/ﬁg);%hcéﬁ'ﬁat@fﬁ?foﬁ § ¥le %I@U@Eé&péﬁ@ibgfh@%ite':(@e’ Tyr

and Trp. Particularly preferred conservative amno acid substrtutions are
as fol | owbinddtAbites penlgG snoteculelt o Ser; Arg into Lys; Asn into Gn or into
H's; Asp into Gu; WD 2011/107507PCT/ EP2011/053090 Cys into Ser; Gn into
Asn; B u into Asp;

Fig. 2 shows the binding of a biparatopic anti-A-beta VHH construct, including
VHH domains ABII035 and ABII059, to human and rodent (mouse) A-beta

30 DETAILED DESCRIPTION OF THE INVENTION

Definitions
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Gy into Ala or into Pro; 5 His into Asn or into Gn; Ile into Leu or into
Val; Leu intolle or into Val; Lys into Arg, into Gn or into Qu; Mt into
Leu, intowvOpntioo7ionto |1 e; 10Phe into Met, into Leu or iPOTEPIYM/053e0 into
Thr; Thr into Ser; Trp into Tyr; Tyr into Trp or into Phe; 15Val into
Ile or into Leu. m A nucleic acid or poI ypepti de nol ecul e i s consi dered
to be "(in) essentially isol ated (form" - for exanple, when conpared to
its nativ (ot r tion

medi um fr gmgvﬁﬂﬁ’% gg%&gg/ Eteet{lﬁ nedﬁ%ﬁ%b%ieqﬁﬂé@mgg@#%sgg%m%t ed from
at | east olwrcﬁnolnethecfmmtmendaswpttdm tvdreoh in which: usual | y associated in said
source or nedium such as another nucleic acid, another

prot ei n/ pol ypepti de, anot her biol ogi cal conponent or nacronol ecul e or at

| east one g5 oMy .Haiatated &Pélléﬂrféd &hemngarammert%@a hav@ tﬁarrtusaai Ranig
nucleic acid or polypeptide nolecule is considered "essentially 25|solated
when bt hmsth@e@m which Wikt be gledrdashie skifled gergom. E@ffeﬂe@geasfcmtexame rrlaﬁe fold,

e o o HekeRta B na it RidDed sfiforR et A1, 8RB BBhInBEAT ot ot or m

is prefer @bbwr&@@ﬂ%éh@éﬂ' Y2riPEEgEVERUY 3,850l SR ing Héﬂ)dﬂﬂab@ra’ioWrb@b' e
techni que, such as a suitable chromat ographl cal techniq such as

pol yacryl K1988); bewin, seenep g &ferd Waiversity-RiegadNew YQﬂén(ﬂlgtg@) st Redh e. g.
two i munaglobyltn, &) "32“"aﬁ'da)b b%m%?rm%&\cﬁlqggrﬂ{%ﬁﬁ'@h[%ﬂ%ﬁt REw Ntk
en " Detween 1

percentage Of’ am no a that ’are 1 d ica ese’ two sequences.
It may be(te8Pubsiived asrtodlate@lemera?dba@kgrdﬂﬂdrdrbeitbd hereW) Furhermore, unless
2011/ 107507 CT/gg 011/ 053 90tll|oq agraEh f) es 49 and 50 of

W08/ 0200 4S8 it MelNPely: SteRg: t@&?%@“ ﬁ nPdredRtiegensthaidrto aci ds

that eit hﬁgtn g‘s&sTar gtde%%hbé’di ﬁBéirallrc‘_%ﬁ gﬁ%@ﬁbﬁ@%’ ﬂ%}/é‘ BeBA1aPrORRE in

substituti et speC| Icity the i'nvention have
speci fici aynamerAértmwrapémse reest willHey cleanmar theeskil il pergb o & ienersienigl fer var| abl e

domainssec caII blnd tQ one ar re A-b armle | es and,

pr eci sl y Xl AaTBatads (b SABSA A IoRGKE O BE GFhese DASRRCATHE adopt
and gy OﬁéﬂéFreg t8 abeeta*h@ tBHH@’ﬂJrﬂ%Neféﬂeﬁéééc@fé%ﬂﬂwefélﬁ”B such as in
mononeric form in oligo- and nultineric forms, in aggregated sol ubl e and

insoluble forms, in fibrillar form in proto- flbrlllar form in the form of

201 0 PR B e SR TR nd A S50 P ERD,
spl een, heafliendd"\aihethestised hdavid rufer t@ngheaw endintaitibsly or tedr enal
salivary, and thyroid glands (Roher et al. Al zheimer's & Denentia 5 &5009)

0. 18- 29) . CPRVeRYIGRel AiGhaimankhashe @ USes 35 9IRPbIETTBA® inddde BPipistlies of
t he '9ven§|zt%rbrﬂt])%¥tfﬁeam%ﬁv ual Eﬁalﬁgr’tﬁ@reb a%%lh#‘gﬁ}%taaﬂgr&%!m%ﬁ% and

especi al | are nost ‘evan ol ogi cal and/ or
t her apeut fragpwntd thereof (mlucﬂﬁgblmenpblhmmeqbto detigaf-binding dor@ainsar may bind to

A-beta peptide nol ecul e f differeng such as A-peta(1-42) which
consi sts B’@gm‘?@ %ﬁv%aagf%gemer h%\?h%%‘aﬁ’é@rPW@@V?R/?A!”b&dét( L.40)

whi ch con f shown
2o SEQ | DRe T Repene S0y Sereh LB b e T A B i o

aci ds 1 t eeGagncel; mattibpdy 32juénpes "n skngie)svatiabte @Gr)walrm&;quetmeef i"M#H Bi ndi ng
the inventi nal t he

g i terr}?h ﬁg}sgﬁﬁ%ée&%rqéqggmeﬁe@uieﬁc%g? Md %%ﬁgrra”?tbet @r?de'\rl'stto%rdrpo mclug nd
both the relevant amino acid sequence as well as nucleic acid sequences or
nucleotide sequences encoding the same, unless the context requires a more

limited interpretation;

30 c) The term "domain" (of a polypeptide or protein) as used herein refers to a
folded protein structure which has the ability to retain its tertiary structure
independently of the rest of the protein. Generally, domains are responsible for

discrete functional properties of proteins, and in many cases may be added,
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Al so, the invention is not limted with regard to the species form of
A-beta. Thus, 30the pol ypeptides of the invention nay preferably bind to
human A- bwoao(188@orD NO 1), if intended for therapeuti cPplrmgrosied®s3obiowever,
pol ypeptides binding to e.g. other warm bl ooded aninal or, preferably,
mammal i an forns of A-beta are within the scope of the invention as well. A
popl ypepti de of the invention binding to one WO

2011/ 107504 RGTL EBRRAALRR3AB RS Rihe Bl BeBE ffthpn U ASrd RaFbeN Lh
A-beta fromone or nore other species. For exanple, polypeptides of the

i nvent i onobthedpnoteit @nil{oreot the betraimay or may not show cross-reactivity with
A-beta fromone or nore other species of primates and/or with A-beta from
one or nore species of animals that are often 5used in aninmal nodels for

di seases G? 9'Th6>f@rrﬁﬁ’"/ﬂ7lﬂph'§flobum domafd" |43 Ned?hereitt ﬁeférétte'atdgloﬁul%r PEgifRY) -
and in particular in aninmal nodels for diseases and di sorders associ at ed

wi t h A- betha(anghody chaie (speft pe€.guaichainmila canyentional m-Clome @ntibody oy .

eavant aged! #raak FalCARHeRh o dp ekl el ste BT eols sl ARbclce 1
10al | ows glsbur regrpt i IEesutdglbb@in domainsaitebhathdigrizay muBnthdyletant o be
tested in inportant di sease nodels such as mce or rats. Al so, the

i nvent i onthesinmpuneglepuiin fal@ charagienistienfi@ptinody alecuwesrwhige soesigi @frar nant
epi tope, pBé I i - [ 1t r ' ] A-bet a
15 agar nsE oot ERaCh of B 7 afiliodiAlcn o 4ABeRRR i BBl e

t he poef epptdnally stabitized by A detsanaghdisalphdd istnd.he pol ypepti des of the
present invention nay be directed are the epitopes used for imunotherapy,
and in particular for passive inmunotherapy of AD. For exanple, as
nent i oned &) nfN&elesMeimmunogipaintarighte deering as used(froeimmaads AR t he
backgr oun : L e fatil ROy ) ee
maj or epi ﬂg@@oé@bﬁl{}g@g?ﬁ %gg_ggﬂgtaaqlk&otngsﬁlhggﬁ epi {rtgpe f&arlrgn?%ﬁog%i EWP 16 of
A- bet a: DAF-RHESEYEYHHDE arbBad INeréitb8ow as tfearhewbrier@diape” 6atARY'; asi ds

16-28: KLYFFAEDVGSNK; SEQ | 1 4),.and a CG-termpal epitope (amno acids

28- 425 KGXIF‘T"@EW.Q 0 gEQPPgQI\E; ﬁamfrweﬁbﬁmgfl%@% ﬁgf‘ﬁ((?Si nvention may

be di 1 ect eflaAgRbRRtedibt 1br GERENCESEHTBI! RARS: fratABRLM Ritibns peel erred are
th east two |

pol ypepti des o e 1 nvention conprising at nogl obulin single
vari abl e ddemupted whitreé hcameg ememntariy ldeberiningiregioasV ar GBRs"  damaih @rdi nds

to the N-terninal .epit d d i, | obul.i n, si ngl i abl
ommi n bi FIETER e Aap e PrBRL o raTypemaieLy Sietenanivaaion 1 n i ts
broadest sefsepRiTe ais”\ééﬁipié?ﬁerl%ﬂ}&j deermpve r% Qggﬁ“@DRQ"ﬂéhoﬁﬁéi ve agents

for the prevention, treatnent, alleviation an i agnosi s of A-beta
assoep at edcorgplesandarity dletenniaing regiarodidon a3 3'anespassigelyt i ldwis, $he AD. The

ol ecul oo SRSl Ry U Bbd Br YRGS BE R ot 0B Elade Aplnp RpdE * *' M
i mmunogl olndit¢ated iaggbkowsr FRYI-eCDRTEI FR2 bICDR2G ARB ¢ CORB FRan|tds el a at
different epitopes. Mre specificall 5such pol ypeptide of the invention

essent i al IPMEHAFICHUEN dﬁriableaﬂm@in@ﬁéﬁ qorder speqifiGiyin re@hedyfostinggl e
vari abl e i i JAYAR s TR ale IR +a first epitope of A-beta and (ii)
a second 9%@8?%@&”@0@%&@5@'@ b%'tgbmai n specifically binding to a
second epitope of A-beta, wherein the first epitope of A-beta and the

second epitgpe of A-beta are not. identical epitqgpes. In other words, such
pol ypept | e 155 (€60 ETTHIRHPBUH! Siels: 12Dl AOBSUTIAS UF9d NEGHE MSENGT f o or

mor e i mugaghARHJdloRlIRlRiabhs §6Rhfh HAR iQ%aFgﬁlb s ggirqeg@{ gﬂpmir?gb;f A

| east two di fferer%j'trbepl topes present 1 n A-be
si ngl e vaepddpe ofl thesdmisg ear withoutlpadringwidhan addignal vagakle ismnwaogldlatlint hey
are capabl e of s(hrrul tanefus .%Hﬁi ndilna IA— b.etral. I nbti hids sens.e,tht he .

pol ypept i gamain . Qre exapls ghimrmynagloBulin.singlé variable domains’in’the meaning

30 of the present invention are "domain antibodies", such as the immunoglobulin
single variable domains VH and VL (VH domains and VL domains). Another
example of immunoglobulin single variable domains are "VHH domains” (or

simply "VHHSs") from camelids, as defined hereinafter.
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15regarded as a "multival ent” i nmmunogl obulin construct, and especially as a
"mul tival ent i nmmunogl obulin single variable donmain construct”, in that the
whol e polwpeptiv@esorncl udes at | east two binding sites f@CTAPhEAS3000

pol ypeptide of the invention includes (at least) two anti-A-beta

i mmunogl obul i n 20si ngl e vari abl e domai ns, wherein (the) two inmunogl obulin
single variable domains are directed against different epitopes within the
A-beta nol ecul e. Thus, these two inmunogl obulin single variable domains

will have a different epitope specificity and therefore different CDR
sequencesIn Few ofiths abeaemfinhhﬂnyﬂmoamtw-bihdMg;eddmaiemﬁa)corWeInrtioheIrléi n al so

const 1 uct Ghafh ARy st e FBKa: Tt By S04 R FistBtil RowbCer

essenti al bYoFQrI‘%bSﬁag}ﬁeﬁtOW(Vb%tfﬂa@%rﬁsén FQrfrad?hé?ﬁrs%EHFésCe dRG
constructs” or arat opi ¢ VHH dofmai n constructs”, or "biparatopic VHH

const suct §nked FVtOIﬁ@ saﬁwfmmmmiubr A dialagye(all nowl i ‘toe met) Aeriveth §oaT or

e R R il e L
par at Opeslmﬁ@ﬁggﬁib'mﬂntsmgﬁie yaesbIEidonedTROgE Me thesd cddes, bmdaty idthe 1 N case
that the pol ypeptide of the invention i ncl udes nore than two anti-A-beta

i munogl obeRAGaEtYe @Qﬂ@pe PhaN aptigen yyaailghsormally pefreesur Py @nedsingl®dn nor e
-A-b f.th
ant | eirﬁr’rfu no ’lﬂ%}rﬁeﬁn %hpgi/% ﬁ’ﬂbg(%lsgoggﬁg#ﬂﬁlm@ﬁo 8@1}%} afls. the

anti-A-beta’l obulin singfe 'vari ns are directe agalnst

di ffep elnt Baf:m heﬂigat and heavy BIFaIAd\M@bIGMmamlseheVmeaQIHPWp'af n;]uft her

i mmunogl obul i n sjngle variabl e domai ind to any of 5these two

di ff erent '@B]UPQE@%LIH@PH@”&SWH'P'Hé?'”@b%&'ﬁe P e gfﬁh?ﬁ%slll@%'é?a nol ecul e.
Accor di ngghfigéhot her specific enbodi nent of the invention, the polypeptide
of the |nven9|on can, in addition to the two anti-A-beta |nnunoglobulln
single varlable 10 domai ns descri bed above, include any other additional

noi ety, sy i nkey describ | n det ai nd/ or

a4} onal Doy CoErdPBaNE, a0 oBRLAs Zhgls YR fomigh®, Wil hagitadi™ n 51 ngi e
vari gbl e %gﬁ\e’hté %od%?ﬁﬂ Qﬂ%dd%%b@e@?bﬁdlIy%'eﬂV@escﬁéedi %@Qhél%nt@én bi ndi ng
to A-beta will not be prevented by such additional noiety. The pol ypeptide

of the i nbngin®imranogledutin dratiable)cameainmfibeavy @fmm @nﬁbQ@gacﬂ ea®f gl ycosyl

resi dues, , 6. et out before,
two i nmuno %ﬂg’&ﬁ“'?%d%{%@?’éﬁ%trﬁhé‘ﬂ{% g‘gﬁif?%soﬁt?ﬁﬁ% 8 lt(%BPA%é tide of the

i nvent i onMuylderbiam@d $ RebihEen EtHAPEtsODES0oRfa Eﬂogeﬁi]daﬁl‘ﬁaﬁh aHahrRra&hi eved
in one of thefollovvln manners: Either, the two inmmu Iobulln smgle

20vari abl eNatsﬁ@Jiyn@cwmmg BDHQIOQ'ﬁéd?MB'dé&“QBb@éa'Gﬁ Maiur 8 same
A-betg i nd
epi t dhes | S E S EA VP da S st sl B ¥P%°V?'?fe'ﬁbe%%@ﬂ¥es@ "

i munogl obatiablesdonghias Vram i IeeaiWann wahablbldwnamsm @pipregentdm one

A- bet a nol ecul e, s the her i.mmunogl obul i n single abl e domain
will bi ndCf’BV%rH'lQrk\gTﬁeC%aé’b?rﬂ "%ﬁm("éfﬁefﬂ RE¢ Teigied & hergy @@uxfj1 dct”ﬂ%'F‘éwr

cross-| i nkyAHdiRng) Wrémltﬁ§g§ﬁﬁcﬁ il r.gﬁb%ﬁhs%mre@re%&ﬁgmd' ng to a

preferred errbodlrrent the po pt i e 1nvention wll the two
epi t opes wonventiomak4 cofain aletitxaties (thueln aremsbfermdéo heoein fast "V @locnaiss - or

30! i nki ,, th f-t nt
corpitexes Y contian YT cbabify eAapet i oind o SRlppEdaborat o)
i ntranol egdbfionbl éwhgaﬁm blﬁdllﬁgetfcﬁﬁélﬂ%@%p @gé@f&dHt@r \(/lpagmgwlé ly)

i nternol ecul ar bindin ei ng unders that a mnor fraction of
i nt er nol e€anggntigna# amgnm{mﬂyr 1rhvthscase the epitope is recognized by a VL

domain together with a VH domain). VHH domains are small, robust and efficient
antigen recognition units formed by a single immunoglobulin domain.

30
In the context of the present invention, the terms VHH domain, VHH, V4H
domain, VHH antibody fragment, VHH antibody, as well as "Nanobody®" and

"Nanobody® domain” ("Nanobody" being a trademark of the company Ablynx
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WO 2011/ 107507PCT/ EP2011/ 053090 occur. A distinction between intra- and

i nternol ecul ar bi ndi ng can be nmade usi ng Bi acore or size excl usion

chr omat oryoaptyioa®says (as descri bed by Santora et al., pAma&iP201BiossOhEM |
299: 119-129) - cf. Exanple 8.2 hereinbel ow. However, it should be noted

t hat pol ypeptides that operate via internolecul ar binding of 5separate
A-beta nol ecules are also within the scope of this invention. In another
preferredyg .,@Héfﬁf‘l?el@furﬁﬁ&re‘ﬁ%’ iﬁ’té?ﬁhaﬁi@aﬂly'{ 0 aﬁé‘?eaérag?ﬁt%ﬁ%gaﬁm' - Abet a
i mrunogl obul 'n” si ngle“vari abl e domal ns conpri se n pol'ypeptide of the

i nvent i onireacinogkxbetin isaldlg veoalsestoenains 4hdvisgrévestkucte: ¢! -CER1 -FR2FR4

rospect1 VT2 IR RO REAGEHY ot sl inding | OGPl Wl Ereduto gy

second i MEHAQHCBRIIH SeoinAThPnRIdIGhLIR \%?@Lé‘ggﬁl’éﬁw)FQH@WMH drd i nked,

optionally by a Iinker g(ﬂ)ti de as descri | ow,” wherein such |inker

st eri cal | disiingoisbed dionoph demalsisnel ing sd-called ‘dallmesk residies nasidegnedul i n

si ngl e varj abl i t Srespective A-beta epitopes. It will be
clear to f%%i@@?@@@?égﬁ [fh'ﬁagr' for pharnmaceutical uses in humans, the

pol ypeptides of the invention are preferably directed agai nst human A-beta,

whereas for veterinary purposes, the polypeptides of the invention are

pr ef er abl Jhe@INiNeAGH T efidigfsf aVhiH gomabhateheursperadeacaasdipg totht ed. |t
will also ’ Ki J ic
agent i n Aang e RapHePnl e 85 o BLAhy Kabat MEP  GEfucesbipiotdtie Yt T
t he pol ype‘ptriu?ieﬁ)g&maimw'refsy',tus IPt]bl(ij(n Riealth iSmWQee,dmrI-EBetm:lsEa, MDyani zed )
25i mmunogl_o in sing vari a onpi ns. Accordi to the invention, the
two or nroﬁ3 é‘%ﬁ?ﬁﬁﬂﬁbﬁ%ﬁh, 2] agpﬁ@& éoygﬁ'l' Qen@'%fﬁam@g@shd%és $hebesdéht |y of
each ot heg; hanant | L5 M r nfiHd hfsomsadescri bed
above, an(‘:l:)godr?gv ﬂﬁ%ﬁfﬁnﬁgﬁaagﬁjdl\é“ijlr%ie[)%%ng’b‘]dy@, 30 L?ﬂ%%gr&g%gm’o%%gﬁ sort of

i munogl ob18999). Aacgraing o thabhembemagns, provi ded t hat these i mmunogl obulin
single vari e domains will. bind the antigen,.i.e, J/A-beta, not by formng
nut ual | y éo%%ﬁ‘@ﬂ?%ﬁ? W&rq@'ﬁpea%ﬁ%?'%u%%?ggoﬁ'téﬁqﬁ1330bi nding to the same

epi tgpe (asOpR1 BEMpASEs He 8miho Aci¥lredduesFbBsiRahs 3935 conventi onal
anti body), but by independently binding to different epitopes (i.e. as a

" bi par at opi ERZeamegresesvihedimigorasiidsal Rositonse36H#8d above). According to a

preferred e j : e_invention,. the first t second

Bl rrunogl obatiee SopT 8oy i b BbEReES L hoFLp RS SOEIE: St or e ¢ her
domai n anti PRBycERGEICIR® amingtididl esmidesaqsites G6-9descri bed above.
Accordi ng toDaRgartlcul arly preferred enbodi nent, the first and the second

i munogl obuG0RS FAGIPESORMGBMNQIBHAITRSIAEES éhPPaliPYS 88r1Z%@Nngf VHH domai n
SEqUERCes . f—‘%oé &géeé/sltgg%fn@éagcﬁﬁ Fgyed étﬁﬁﬁ% l14gspecially, in the

exper| ment a part, escri I N nore W reference to
bi par at opHowssley pephoule beatotpd ittsatngag isavdlbipiovenal the drtiforni zéshamstandA- bet a

o R RinG o o to BB ot At rSoifives T $a GLo B G ORS { pe
skilled Pg@%@%@ ¢ nbeaGHEESHREIEHR tawnaﬁbéfetbﬁﬁn@aab%ew%x to
es 1 nCludin obul |

pol ypepti g ot her anti-A-beta I nmunog n 15single variable
domai ns, Nditated bydheikabahninberiag.(tHEt és, poleygrapoicdessitidng aecardingrivitbe not

only poss he advant ageous characteristics of conventional anti bodies,
such s | BAPELRREPEY AR ParPE BPadire i e S al SR arec R a ¢ add t | oal
properti e§eccl‘Jé&%é @fag dBRESAN FROretdrino AU AdYid\ied IHaY tRBYWURS T AbREJFBEDLYT

adm ni stered in higher concentrations conpared to conventional anti bodies.

They are #Hiakpkatinumberingetpisrmeans thategenerglly lbg numbesingoaeaesdied tost or ed

and/or tr t .5 h f fri i equyj veyi ng
cost. 1 mEARRRMES A ROt ot P TRLE b RctB Bl el the Hilho sERLen
i nventi onr@éiglg)egmnhbiatct@m@regl@ng@_d stability at 25extremes of pH, neaning
they would be suitable for delivery by oral
30
Alternative methods for numbering the amino acid residues of V4 domains, which
methods can also be applied in an analogous manner to VHH domains, are

known in the art. However, in the present description, claims and figures, the
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adm ni stration. Furthernore, the polypeptides of the invention do not need
to conprise an Fc part which is present in "classical" antibodies, so that
si de ef f swO200a03®d by Fc 30effector functions, such asPCT/EP2011/053090

conpl enent - dependent cytotoxicity (CDC) or anti body-dependent cellul ar
cytotoxicity (ADCC), can be avoided. When used in anti-A-beta passive

i nmuni zati ons, conventional antibodies (having an Fc part) are suspected to

2011/ 10750 VBT BRI DB 10l apat and SERfEd RIORHARAEIE os desciBeabove ;o e
wi t h a tamgebeé nglofed; entdssdhdicatedbtherwiseet a deposits (Oer ebral amyloid

angi opat hy) | eading to m crobl eedings via ADCC and/or CDC (W/I cock, DM
Colton, CA, CNS Neurol. Disord. Drug Targets (2009) Vol. 8(1):50-64). 5

Accor di ng The BRPhIRbeR BPARIINE BEIdTEsidies| imYaHHYdmAIRiRUsLERSbe ivhe

i mmunogl obul i n single variabl e domains present in a polypeptide of the
i nventi onrange okfromrikiéotor B2 aftendaatweedilri@andy119..leshauld howevesbeof a

| i nker) or | i ferab t and
w1 mooBPlieR g and et Reahet bRk S &id stueb BILAEIHbPRet g of
the at | eastcrivdy Bedeirer ent i nmunogl obul i n singl e variable domains to each
of their at least two different epitopes of A-beta, either within one and
the sane A-beta nolecule, or within two different nolecules. Suitable

| i nkers i if i I e

15di ot anc s EnPheficfll RdRRIGTARS drpERIORA Bioriles BEUFIH UGRank and'y

si nglse Vapoalip)bptld@&momtairmn@dwe gartle wah| bebsurnhesizet @stfbkows:i | | ed person based
on the disclosure herein, optionally after sone limted degree of routine
experimentation. Al so, when the two or nore immunoglobulin single variable
domai ns t " ! i i t hey
may al so E/Z-H_Il PRE%JGSOS)V@QP:%B?%%V?%@(Q%% rd %@ﬁ%ﬁﬂg{rﬁligﬁ%' yB@re t@%ﬂ domai n
(in whi chanhgern without Mmrmesemmo@laodudnthotﬂenglir&emtioab/vim agolighitrcbaimay be

[ nkers) . VaTEREAmain iRt HcHOR s SRy ro et st R onat uiBels e bo a
dormai g anbiws@uctmﬂLmnabma&%m&y@é@m@eﬁm&@rstm@uisvh@rseﬁéwmal f-life,

as further described herein. For exanpl e, ter dommi n anti body or VHH
domai n magopwins tlomeha \éﬂ@nswyd@mam@fmeﬁtlomiﬁ thaip fodibpdiest whidhdi ng t o

T anst or 1 PR DS PYBY L oRER T SHERlor PSRt aHAtoBia U Svigess mor

i munogl obifdiy pid1Eing draihmbiogldbumalmgbé Watiablerdbrh @inéy et ety e | i nked in

series (either directly or via a suitable linker) and the third (single)
domai n anCPBBHEDIN SARE ERFFEPHaNNREE P mld@r@wtrémalrantm@@é@g WAL (as

20111407507 RET ER20L S A0 B faarABn A IRTE ADRUEIJIRY. ihE B paNect o

directly or via 0 one WO Of nore a ‘i'oned

i mmunogl obhicmcereistesfeegH damaialdowalantiigdinkecite addsdomagd. herein in
connection wth specific polypeptides of 5the invention and may - for
exanpl e and without limtation - conprise an am no acid sequence, which

ani no ac! Be8aakEBE LRI bIoUATes thE 8t b JHIP BT ccfiiErifodsbiss more

preferably at [east 17 amno a suc as abou amno acid
However, phdg afgpergdripelypapsidactofiars ircamhberaf S|g1|ft¢arﬁadvaotagleemen§1&)f

Sgr;eg;);alnce of %B\%n Bnal Y1 gﬁé){)/haaonrﬁacl%gtécﬁs 5 c(:)gnuvcetnltlgﬁalogntsbody
fragments (such as Fab- or F(ab')2-fragments):
- only a single domain is required to bind an antigen with high affinity and with
high selectivity, so that there is no need to have two separate domains present,
nor to assure that these two domains are present in the right spacial conformation

30 and configuration (i.e. through the use of especially designed linkers, as with

scFv's);
- VHH domains can be expressed from a single gene and require no post-

translational folding or modifications;
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The |inker sequence may be a naturally occurring sequence or a
non-naturally occurring sequence. |f used for therapeutical purposes, the
| i nker i swpnrefieradl’y non-i nmmunogeni ¢ in the subject to wrorar2011053090
anti-A-beta pol ypeptide of the invention is adm nistered. One useful group
of |inker sequences are linkers derived fromthe hinge region of heavy
chain anti bodi es as described in WO 96/ 34103 and WD 94/ 04678. O her

exanpl es ar\?l‘lnq#dfnéllh Qﬂaﬂ ds‘ul{)‘b%r 88%0348@ éifmf‘b ﬁhﬂfs@%é%glc':u”her

preferred exanpl es o er sequ nces are ers fferent
| engt h sutﬁdwrras (a8 ;zxﬂmryi)scusserkhesem) ncl udi ng (gl y4ser)3 , (gl y4ser) 4,

vent  on”1 SARARTRbS B iy Se b ot B0 56r hays r aen ROl BlivarE Bb o

pol yet hyl qi@ tab Qs H’&Qed‘f’é’htﬁjéh-blh%d dd}hglrnssd%%ﬁﬂé@ bp'\ﬁfa@r @tbély NeﬁGIl'é’des
an am no acid residue, such as a cysteine or a lysine, "allow ng such

nmodi f 5 cat B4, 5434@46Fél£9§9m| on, in the linker region. Preferred exanpl es of

such i nke%&@m e%;%%&‘—l%%%%&%% other denaturing

GEGSCEEES GAg, thiish 2ray B preSired | Sohsa &) tran%rted without
2011/ 107507PCT/ EP2011/ 053090 GGGGS GGEGEES

(" GS35, C14re ussEOf 1aligenatipn egH P g SCEYSS TS eRiCREEISS eE eS|

(" GB35, G5 ﬁg? ID NO 10). 5 Sone non-limting exanpl es of PEGyl at ed

pol ypepti 8es the invention including such linkers are shown in SEQ ID
NCs 40 to- A3 iHldBinaiandiré43sy and relafivelylutieanrto préparel enéreonrmycae so be a

pol y(et hyl ene coI noi et as sho Oe, Q. 04 081026. | n anot her
enbodi ment§9Y é’f Pr 0P wBOF GAMY m@ﬁt@ﬂﬁ”@imr\é’g)%ﬂ%ﬁi' TRRIPNEDF t he

pol ypept i ge. Qémb@%n'ﬁyﬁﬁdu%@dg{?g]dsgnm%gla Férﬁ%ﬁfbt%tng@.gp.‘q&fuﬁﬂef; Q@éc\:NLH@dEt y

(optionally via one or two such as anoth ypept i
a 15pr ef ebetEw)mard donet requunertgeensbarlinnmnmallaapxbeewdmsysﬂemsl aswithgbobul i n
si ngl e vari abl Fq domai n _as, al.re dy descrl bed above. Such noiety may either

be essent F&FTY ﬁ%\f%‘&”ﬁ#aw MEYPol ogi cal effect such as i nproving

the desi red\/IHHCHtﬁ‘ﬁé|'n§Sar@frelbh@el?%hyﬂle(@bbﬂﬁqr%télﬁﬁ%(kQJ’H oF 10nNPnés srmallér
addi ti onal desired properties ol ypeptide. For exanple, and wi thout

limtatiofhan a@omrettqnahégﬁ)zmmpar@cdetomwvaa ionali4-ehain amboqﬂjeeta@pln or

pol ypepti Q C | city or inprove any other
desired pgﬁB%%?g C@b‘ﬁﬁxﬂgﬁﬂh ﬁe{éif aﬁ@ﬂ%ﬁﬁog of such constructs are the
constructs @ﬁoﬁlﬁgh@r)\@néi@tbﬁ |a@}t|s%@eé\qh@|rd| ng to a preferred enbodi nent,
t he pol ypeptides of the invention conprise a first inmunogl obulin single

vari abl e dofanPe#IBINILEIedsNtNIONeIasEst ope as defined by SEQ ID NO'3, and a
Sere Lo DL RARIRE Sl ARk BICa A a0 Pl o
whi ch bi ndsvHB ddreaiepidanshoassolehil et datify- lSEd]rng)rNﬁeﬁtesa(nderaaI&edmltb
by SEo] D Sxiendda BORS I68p, Sompared 1o Gorentiona Vi domsing) and B 2 4t ned
therefore also access targets and epitopes not accessible to conventional 4-chain
antibodies and antigen-binding fragments thereof.
25
Methods of obtaining VHH domains binding to a specific antigen or epitope have
been described earlier, e.g. in W02006/040153 and W0O2006/122786. As also
described therein in detail, VHH domains derived from camelids can be
"humanized" by replacing one or more amino acid residues in the amino acid
30 sequence of the original VHH sequence by one or more of the amino acid
residues that occur at the corresponding position(s) in a VH domain from a
conventional 4-chain antibody from a human being. A humanized VHH domain

can contain one or more fully human framework region sequences, and, in an
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WO 2011/ 107507PCT/ EP2011/ 053090 Even nore preferred, contact between the

i munogl obul i n single variabl e domains and the A-beta nolecule is nade as
descri bedwOrroBixanplres 8.2 and 8.3, i.e. the pol ypepti dePofi/EPh@ioss0ent i on
forns contacts to at |east amno acids 1, 3, 13, 20, and 23 of the human or
nouse A-beta peptide. 5 Preferably, the pol ypeptides of the invention are
havi ng di ssoci ati on constant (KD) values, measured in Kinexa assays as

describedg ?t&ﬁgﬂ'%p‘%cﬁlc embdyiklaAt rc?é?ﬂ@orﬁfam%rﬁaﬁ%ﬁ%&#rkrr@ oh | ess, nore

preferably es/litre or |ess even nore pre eraly |nthe range
of from 1Geql1emGledHr“B/edn‘r@’9/Dl?42|9eDFb47,a|DB Sla\or pgrtarind@ed divable as

measured in T T. bi ndi assay, a et out in Exanple 9.3, of 10- 9
nol es/ it pgn@;ne@e‘fvﬁ "Q Br §§the range of from5 x 10-19
noles/litre to 1 0-12 noles/litre. According to an even nore preferred

embodi ment_of the invention, the CDR 15sequences in the pol y[)eptl de of the
i nventi on f3) € Dagmalefaintibadivel, @salapwin 8saPeab"s iPemaiantinedigs!,\yarebt i de of

inthe pardQrapieiats ‘Bt Al onRel 688 °0hPr . 80nE Wek R dihodd &

20Accor di g Ghaxd SHigIfriecgretibed icoRitantds ) haee i beednddseribet e eppivwarpt i de of
the invention conprises two A-beta binding i munogl obulin single variable

domai ns hEv$ngt he Bindingactiutiespharrepsiteira ot singleimmunegielulin ¥aianls

I I 1)2 -
cor( 1) 5 - SRS St M o s Nature SHOL A58t oRS) bar Lt &
\(;I\gmai@ 2: eFB(ZI]omalﬁlﬂ?l(tlbbdileg fER(télhg for GBR{RA)' ZTRE_IFFEQ_Q)rSch?téBR(oI?]gl/ FR(2) 4, .
erein: gz‘,g)l?g{ is se e consisting of: - the ami no aci
sequences ﬂ)) gg‘ﬁégﬁdz %ﬁ%&% | D NO 16; gand 30- amno acid
Sequences DM?]H@H (ﬁ?@?@dﬁé@ és%eﬁi“él orFler BHabltye W PVE WM dﬁﬁé’of‘ﬁéﬁ- preferably

one ami no aci erence as c rrpare to said amno acid sequences
accor di ngcameS&@drbmeans, iarpaBidlathiNGea 8-chias petibodiesy In ander tCDR{®EG i s

T g e

pr ef g5 abl y/Higoin@ir, ‘f'@spéﬂﬁego EBedifi€E8kahbry f&%cﬁrﬂrﬂ@eﬁ%ﬁdlﬁ%fr@é&ﬂég IS
conpared to said am no acid sequence Saccordi ;

wher ei n t FrROWItEtk .Y ho@ Bbrasies i duman singlee \Algrq(\ﬂe@mﬁlrswiw@g are not

o the spbiaih HebBdnalk e RLTE, BTl oo R sl 2360r

pol ypept i dppAdkimtiengded kD ants af deérivadnesrs fully Buman s‘e@uéﬁde@eid mstuquleél city
of the polypeptide of the invention. The order of the i m*runo%/ obulin single

vari abl e Afmanizationdaged. therapeutical usedn Armans; fis iadhesasewatVHihi thin a
pol ypgpt I 88nffind Rfiey AMEREN @pressed also in prokaryotic expression systems,

providing a significant reduction in overall manufacturing cost.

Domain antibodies, as well as VHH domains, can be subjected to affinity
maturation by introducing one or more alterations in the amino acid sequence of

25 one or more CDRs, which alterations result in an improved affinity of the resulting
immunoglobulin single variable domain for its respective antigen, as compared to
the respective parent molecule. Affinity-matured immunoglobulin single variable
domain molecules of the invention may be prepared by methods known in the art,
for example, as described by Marks et al., 1992, Biotechnology 10:779-783, or

30 Barbas, et al., 1994, Proc. Nat. Acad. Sci, USA 91: 3809-3813.; Shier et al.,
1995, Gene 169:147-155; Yelton et al., 1995, Immunol. 155: 1994-2004; Jackson
et al., 1995, J. Immunol. 154(7):3310-9; and Hawkins et al., 1992, J. Mol. Biol.
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i mmunogl obulin single variable domain 1 nay be |located NNtermnally and

i mmunogl obulin single variable domain 2 nmay be located C-termnally, or

vi ce 1lbveweanitAnefodr ably, CDR(1)3 is selected fromthe @gcomp2eaensiostei ng of
am no aci d sequences according to SEQ ID NO 13 and SEQ I D NG 16, and
CDR(2)3 is the am no acid sequence according to SEQ I D NO 19. 20 Even nore
preferably, the polypeptide of the invention conprises two A-beta binding

i mmunogl obyki4. 84 . par | i F OO Ak : as
i ven In TaBl o PER PG K P e A BB of o 1 1
- CDR(1) 1usingR{i9dge dis@biR(, ford BR(vVEySty-PreBR(18P8. - FR( 1) 4, i nmmunogl obul in

single variable domain 2: FR(2)1 - CDR(2)1 - FR(2)2 - CDR(2)2 - FR(2)3 -

CDR(2)3 - FR(2)4, wherein: CDR(1)1 is the am no acid sequence according to
SEQ | D NOszh1 F(ihbfHores ithilff aROS5ETBIca8 td 1M SHIPp@RLA BEAHRSsHFE 6 di ng to
SEQ ID NO 14); CDR(1)2 is selected fromthe group consisting of amno acid
sequences "grafio ook nereSEd ¢ 0 DRIs 1rentianeSFpave oo tiher "spRfalyls”,i s sel ect ed

and s 1| HRag BB ififef Lo ket RO RRA  ER HnB iRty S se0 10
NO 17; CDBUZRBIe scaffar]sfan e chniglies FatSsECBRC gradiimyateok v IMxhQirl8; and
5CDR(2)3 is the am no acid sequence according to Q I D NO 19; and wherein

the framework regi on sequences are not specifically limted but will be
sel ected i h ersqn i e N , such as
humani zedg%(;rhrgrgagﬁi r%;ggalp%ngﬁ?na@@é@:@ﬂ@%r&@q%ﬁgéa@'ﬁgﬁclghtcbee%gisf or use in

10hunans imemhdﬁgealollyr edercte thmpfammf@h mactgmolectlee sgoh magp%lgla%mﬂdet Ittwht
invention, In the p eptide of the invention as descri ove, the
particul ars 'zﬁceeP'zsﬂwéntﬁw%a@unsmheﬁu@snaw% @%PP%‘P@'%‘@EBP&%O%%HH 2 as
set out a Bt [ ,

above- nen?%ﬁ%lgbié%n%gﬁggﬁ?égﬁ@mg %@g@ﬁqrgﬁqléﬂlgg%?%ggﬁ%bwglqgocat ed at

t he N-t er siteaf seiddnolectles. gapiigpeptdediae theniowedm iyndibg vde neman oned

i mmunogl obul i n sjngl.e varjable domain 2: alternatiuvel above- nenti oned
ool obTmeRoBIGRENE. S5 I ettt thetars! GbReiitheltal he Nter m na
end of thenprhyeRBuUliAe, followed by above-nentioned i mmunogl obulin single
vari able domain™1. In both cases, additional sequences 20and noieties nmay
be present within the polypeptide of the invention, e.g. N termnally,

dormi e A06gat! o\ B BrAERE ol o RS SaBvatie” el G ana et s
of 6 CDR @@g@@pﬂ@éoam@iheemn)itnattﬁe@ogﬁi@@bmépit@t%;isﬁanbhea cf’)év\awrsé.on and
outlined above are summarized in the followng Tables | and I1,

respectively:

20 h) The term "biparatopic" (antigen-)binding molecule or "biparatopic" polypeptide
as used herein shall mean a polypeptide comprising a first immunoglobulin single
variable domain and a second immunoglobulin single variable domain as herein
defined, wherein these two variable domains are capable of binding to two
different epitopes of one antigen, which epitopes are not normally bound at the

25 same time by one monospecific immunoglobulin, such as e.g. a conventional
antibody or one immunoglobulin single variable domain. The biparatopic
polypeptides according to the invention are composed of variable domains which
have different epitope specificities, and do not contain mutually complementary
variable domain pairs which bind to the same epitope. They do therefore not

30 compete with each other for binding to A-beta.

i) A polypeptide (such as an immunoglobulin, an antibody, an immunoglobulin

single variable domain, a polypeptide of the invention, or generally an antigen
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TABLE | and TABLE I1: Preferred CDR conbi nations in pol ypeptides of the

I nvention conprising two different A-beta binding i nmunogl obulin single
vari abl e wOdonmion®7 TABLE |1: CDR sequences SEQ | D NO agirmr2@ciossoseguence
11 TDTMG 12 AVTVWNSCGRTNYADSVKG 13 HRLWGGTSVGDWRY 14 TDTMG 15

AVTWNSGRI NYADSVKG 16 HRFVWGGNRVEDWRY 17 NYNMG 18 AVSRSGVSTYYADSVKG 19

AYRGTAI NVRRSYSS TABLE Il: Preferred sets of CDR sequences / CDR
combi nat gikvidg BRHEARE Br ddghichiMetdds) thaPlsn HEnbRr G sBkfatybABeYS TABLE

that "has affinity for" and/or that "has specificity for" a certain epitope, antigen or
protein (or for at least one part, fragment or epitope thereof) is said to be
"against" or "directed against" said epitope, antigen or protein or is a "binding"

5 molecule with respect to such epitope, antigen or protein.

k) Generally, the term "specificity” refers to the number of different types of
antigens or epitopes to which a particular antigen-binding molecule or antigen-
binding protein (such as an immunoglobulin, an antibody, an immunoglobulin

10 single variable domain, or a polypeptide of the invention) can bind. The specificity
of an antigen-binding protein can be determined based on its affinity and/or
avidity. The affinity, represented by the equilibrium constant for the dissociation of
an antigen with an antigen-binding protein (KD), is a measure for the binding
strength between an epitope and an antigen-binding site on the antigen-binding

15 protein: the lesser the value of the KD, the stronger the binding strength between
an epitope and the antigen-binding molecule (alternatively, the affinity can also be
expressed as the affinity constant (KA), which is 1/KD). As will be clear to the
skilled person (for example on the basis of the further disclosure herein), affinity
can be determined in a manner known per se, depending on the specific antigen

20 of interest. Avidity is the measure of the strength of binding between an antigen-
binding molecule (such as an immunoglobulin, an antibody, an immunoglobulin
single variable domain, or a polypeptide of the invention) and the pertinent
antigen. Avidity is related to both the affinity between an epitope and its antigen
binding site on the antigen-binding molecule and the number of pertinent binding

25 sites present on the antigen-binding molecule.

Typically, antigen-binding proteins (such as the polypeptides of the invention) will
bind with a dissociation constant (Kp) of 10E-5 to 10E-14 moles/liter (M) or less,
and preferably 10E-7 to 10E-14 moles/liter (M) or less, more preferably 10E-8 to
30 10E-14 molesl/liter, and even more preferably 10E-11 to 10E-13 (as measured
e.g. in a Kinexa assay as described in Example 9.7), and/or with an association
constant (Ka) of at least 10E7 ME-1 , preferably at least 10E8 ME-1, more
preferably at least 10E9 ME-1, such as at least 10E11 ME-1. Any Kp value
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set 3 set4 CDR(1)1 11 14 17 17 CDR(1)2 12 15 18 18 CDR(1)3 13 16 19 19
CDR(2)1 17 17 11 14 CDR(2)2 18 18 12 15 CDR(2)3 19

10

15

20

25

30

WO 2011/107507 PCT/EP2011/053090

greater than 10E-4 M is generally considered to indicate non-specific binding.
Preferably, a polypeptide of the invention will bind to the desired antigen with a
Kp less than 500 nM, preferably less than 200 nM, more preferably less than 10
nM, such as less than 500 pM. Specific binding of an antigen-binding protein to
an antigen or epitope can be determined in any suitable manner known per se,
including, for example, the assays described herein, Scatchard analysis and/or
competitive binding assays, such as radioimmunoassays (RIA), enzyme
immunoassays (EIA) and sandwich competition assays, and the different variants

thereof known per se in the art.

I) Amino acid residues will be indicated according to the standard three-letter or
one-letter amino acid code, as generally known and agreed upon in the art.
When comparing two amino acid sequences, the term "amino acid difference"
refers to insertions, deletions or substitutions of the indicated number of amino
acid residues at a position of the reference sequence, compared to a second
sequence. In case of substitution(s), such substitution(s) will preferably be
conservative amino acid substitution(s), which means that an amino acid residue
is replaced with another amino acid residue of similar chemical structure and
which has little or essentially no influence on the function, activity or other
biological properties of the polypeptide. Such conservative amino acid
substitutions are well known in the art, for example from WO 98/49185, wherein
conservative amino acid substitutions preferably are substitutions in which one
amino acid within the following groups (i) - (v) is substituted by another amino
acid residue within the same group: (i) small aliphatic, nonpolar or slightly polar
residues: Ala, Ser, Thr, Pro and Gly; (ii) polar, negatively charged residues and
their (uncharged) amides: Asp, Asn, Glu and GIn; (iii) polar, positively charged
residues: His, Arg and Lys; (iv) large aliphatic, nonpolar residues: Met, Leu, lle,
Val and Cys; and (v) aromatic residues: Phe, Tyr and Trp. Particularly preferred
conservative amino acid substitutions are as follows:

Ala into Gly or into Ser;

Arg into Lys;

Asn into GIn or into His;

Asp into Glu;
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19 13 16 5 Human i munogl obul i n framework regi on sequences (FR) that can
al so be used as franmework regi on sequences for the i nmunogl obulin single
vari abl e wormaiv®7®3 descri bed above are known in the ar®PCTAIPs@1losswdm in t he
art are nethods for 10humani zi ng franmework regions of inmunoglobulin single
vari abl e domai ns derived from species other than humans. In a preferred
enbodi nent, the pol ypeptides of the invention conprise the foll ow ng
franemrkdyggq_gr*?é}m no acid sequences 1 to 4 (FRL to FR4; SEQ ID 15NCs as
indicated I'n Table'lll below): FRL is or conprises an anmi no acid sequence
sel ect ed Glomtoksmgr oup consi sting of ami no acid sequences according to SEQ
| D NO 20 %ﬂd "iE | D NO 21; WD 2011/107507PCT/ EP2011/ 053090 FR2 is or

conpri ses “AY "HR 'aci d sequence according to SEQ ID NO 22; FR3 is or

conpri ses @A) iRBIAIR or@itd Fregquence sel ected fromthe group consisting of
am no aci d sequences according to SEQ ID NO 23 and SEQ I D NG 24; and FR4 is

or coapri §8sindd Asmiatdntackn; sequence according to SEQ ID NO 25. TABLE 111
FR am no i. equ S\,,SEQ ID NO am no acid sequence 20
VQLES(IS(Q%{&@%&’I{@%&% TFR 21 VQLLESGGA.VQPGGSLRLSCAASCGRTFN 22
WFRQAPGKGREE Witod® GiFmtcSREINSKNTAYLQVNSLRPEDTAVYYCAA 24
RFTI SRDNSKNTVYL SLRPEDTAVYYCAA
Lys into Arg, into GIn or into Glu;
Met into Leu, into Tyr or into lle;
10 Phe into Met, into Leu or into Tyr;
Ser into Thr;
Thr into Ser;
Trp into Tyr;
Tyr into Trp or into Phe;
15 Val into lle or into Leu.

m) A nucleic acid or polypeptide molecule is considered to be "(in) essentially
isolated (form)" - for example, when compared to its native biological source
and/or the reaction medium or cultivation medium from which it has been

20 obtained - when it has been separated from at least one other component with
which it is usually associated in said source or medium, such as another nucleic
acid, another protein/polypeptide, another biological component or
macromolecule or at least one contaminant, impurity or minor component. In
particular, a nucleic acid or polypeptide molecule is considered "essentially

25 isolated" when it has been purified at least 2-fold, in particular at least 10- fold,
more in particular at least 100-fold, and up to 1000-fold or more. A nucleic acid or
polypeptide molecule that is "in essentially isolated form" is preferably essentially
homogeneous, as determined using a suitable technique, such as a suitable
chromatographical technique, such as polyacrylamide-gelelectrophoresis;

30
n) "Sequence identity" between e.g. two immunoglobulin single variable domain
sequences indicates the percentage of amino acids that are identical between

these two sequences. It may be calculated or determined as described in
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25 WEQGTLVTVSS Specific exanpl es of i nmmunogl obulin single variable domains
havi ng the FR and CDR sequences as shown above are: | munogl obulin single
vari abl e worraimo1s0¢fi rst am no acid, i.e. glutamate, mpComPR@nasiogo be

m ssing) :

evqll esgggl vgpggsl! rl scvhsgpt f rt dt ngwf r gapgkgr ef vaavt wnsgri nyadsvkgrfti srdns
kn tayl gmsl r pedt avyycaahr f vvggnr vedw ywgqggti vtvss (ABI 1 035; SEQ | D NO 44)

| mmunogl o i j L 356 1B i ang 1 Chimk gl ut amat e,
TRy opti Oﬁgﬁg{/}agﬂé ‘F&érﬁg?ﬁ% ?Q BB W0d/bb6FF9. 2 Bd ek Similaky

evqll esgg@dﬁcgiggﬂhe psweatage dfnaryimopadids) thag legherf aaidentcat or yyatdspiegpent i sr dns
k ntvyl gmslr caa VIrS ssvvgqgti vtvss (ABI1059; SEQ I D NG 45)
Specific 89%%% %x}!ﬂﬂ ég%ﬁ%éﬂ@%f‘ the invention which include, in one
single polypeptlde chain, two i munogl obulin single variable domains as
shown above and, op;ionally, a linker which connects the two i munogl obulin
si ngl e varlieagetespgomalty's, are given further below. 25 WO

2011/ 107507PCT/ EP2011/ 053090 According to a preferred enbodi nent, the

pol ypeptides of the invention include, especially when used as a

t her apeut Taequydeptide8if Eie/invBhtdn aat/@egecmagx forlA-bétalia tedt thBg coalprisept i de
of the invention in serumor other baody fluids of a patient. he term

“hal f <11 1 &MMyBgAIObURE Single VerRRIA dosalns speaficallyCRiRdisate Anecr Bera Ae
di fi ed
(modi fiedye tr’a"@b}’%%ﬁ)éé ?ﬁd LR Feee ER 3% té%ff obds WAt tg%% ARl Eég(. Ly,

degradation o yﬁep ear ance and/ or “sequestr
nat ursal nbetzamayr’asioplts/bnd rapeocduraag] in,the lmmdmboﬁdy |nfchffeoe1ne|fmtmsg sooh esy can

be covalently |inked or fu ed to sai ti.de an W t hout
T a1 ol MORORE 5Pl Ol 208 BUHTR e PERS, 1 2RTSATEh SOLPIBANG! buni n
noi ety, aﬂws%'l&t}l'@‘f&n% "r@hBﬂldF‘?bﬁMnrp?Hmut?rﬁlaﬁ'Forﬁmm 176 R &F ArjBRPY! obulin

Si ngI e vari able domain, a transfer bi ndi ng noiety, suc as an
anti-t ranpfwuesrandrﬂmms@tsdhaﬂ are mea@htelmﬁaemhmltrel dervaiua syatepal skeiatal kyl ene

oot r e, BT R R BIeRe oMy ShSteiERP iR, KieTes0e ARl vt T e

enbo%ﬁenbortbhl%ngolrﬂ@ﬁm‘é' drinOAdidMal,iSaYieayl and fMyroleglbhak eRokér &ng. or nore
anti body parts ragments or domains that confer one or nore effector

functions Adzhe.im@r @64 beeentia® @000he. IGRShil I@N\ntﬁwmwfmscmw @fdhe énveartienabi ity

to bind t e t.ni p and

W t hout 2 e| n Bg@@ﬁg&%ﬁ@t ﬁvgﬁtﬁje tgﬂﬁ tﬁé@%ﬂ;gk} ¥09Fn y'Ht\)lzm n@%t%corrprl se
CH2 and/ omé;kﬁccﬂmnmmespécualg @rthieldodhys treitclie asost mlévantma@me bubmgrcantl body
(as descri bed hereabove nore preferably froma conventional human

4-chai n aRhAIRsAYErappEie ’PPtE‘éPf\]'eWt he pol ypeptide of the invention may be

i nk to an Fc region, for exanple fromhuman 1gG from human I gE or from
anot her human | g. For 25exanp| e, WD 94/04678 descri bes heavy chain

ant i bodi eJhequbypegitings @f Cearimiviedtididkhaydoiad o érbetalpeptinezeoledeles\adt | ve

th f h th mel i dae / CH3 d h b, | db
oo AP a Cogl: aURRRR & Deip(1a2) BHATLRsE ol tanai avd sequehes oo Y
consi sts gﬁ%@n%aezmqbaf«@% g@ta@zrmf)w.agcans.s@rtsf'tﬁa%hh.u %\Xmﬁm %Ll - VHH

domai n an uman CH2 and omai ns "(but 30no CH1 domain
i mmunogl obtitfienamio acid sefitienceshdwn @siTrQPIPNOIE dA- bgzta(me’sgméemmmﬁm

nor éasedhaph Apelet ot iBioaad s iR R R Rla g g AR St t hout
such nodi Bhaaké ARe. Binding of the polypeptide of the invention may occur at the N-

terminal end, the C-terminal end, or somewhere in between.

Also, the invention is not limited with regard to the species form of A-beta. Thus,
30 the polypeptides of the invention may preferably bind to human A-beta (SEQ ID

NO:1), if intended for therapeutic purposes. However, polypeptides binding to e.g.

other warm-blooded animal or, preferably, mammalian forms of A-beta are within

the scope of the invention as well. A poplypeptide of the invention binding to one
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WD 2011/ 107507PCT/ EP2011/ 053090 Specific exanpl es of pol ypeptides of the

i nvention including an Fc portion (with or without effector functions) are
t he pol ypeptodew7iondi cat ed herei nbel ow. 5evq | | esggg | vqTEEesl/0s3c8ecvhsg
ptfrtdtngwfrqapg kg refvaavtwnsg rinyadsvkg rftisrd nskn

t ayl gomsl r pedt avyycaahr f vvggnr vedw ywgqgt i vt vssggggsgggsevqll esgggl vgpggsl
ri scaasg rtfn nyn ngwfrgapg kg refvaavsrsgvstyyadsvkg rftisrd nskntvyl q
ms| r ped%?&é’les form of A-beta may cross-react with A-beta from one or more o P

ycaaayr gt al nvrrsysswgqgt 1 vt vssast kgpsvf pl apsskst sggt aal gcl v pepvt vswnsga
|t sgvht f ppetiegskol @sdmmeypolvpepimdeﬁoﬁtyecmwemtlbn binding to human A beta may

(Fppkpkdt PRTEN BTV SRS STBARTR MY b:i5e TRRARER BF 8216/R409% RRSAS 9 hqdw ng

keykckvsn Phﬁiat@@@h@)@r Mﬁt‘h%Jb@?é)erHPdrYé bP Rioré mgé&@g‘tﬁ lahfh¥sahyPsE drgnewesngq
pen n ykttppvl dsdgsfflyskltvdksrwgggnvfscsv hnhyt gksl sl spgk (SEQ I D

NO: 265 evysed in esigeaimedels fei di$¢asasa(é@g¢>tafrmplﬁyquﬂ/vf ¢lg 8 Ky NO:2, rat,
el vaaust Sost adoukg) LhREslotn Bl 8 lush GREHLAY I BRBHIGL

gggevqll esggadid@pogish ALsstd is@er &5 tl spadiesiang ahgnélawaemtmeﬁmarremyadsvkg
rftisrd n skntaylg msl rpedtavyycaah rfvvgg n rvedwy g{tl vt vssast kg
psvf pl aps§RE}IRY eptides of the invention that show such cross- reactlv ity may have

O BBYAY2YES 3t B9UEEARA RSt OIS0 e
cdkt htc ppena\pekh@gpwebﬁmoﬂﬁuel |ma1ttqmdmndmg\tdmhmi1o,exbe‘tawybdgeaed nakt kpr e

20 egynstyrvvsvltvl hgdw n keykckvsn kaI i ektiska kgq prepqgvytl
ppsr eent k %r%r&tl S%g?%/ ktt ppvl dsdgsf f 1 yskitvd
ksrwgqgnvf scsvnheal hnhytq ksl sl s pgk (SEQ I D NO 27) evqg | | esgggl vqg

pggsl rl scaasgrtfn nyn ngwfrqgapg kg refvaavsrsgvstyyadsvkg rftisrd nsk 25
ntvyl g m#lsa, mleeiiramwoaésmolgtmitemtuorswmmgtmt aspesidigatjggoiggisierguoguiggsgggg

yads vegoPRebs haRmag i i CpETalof el JBge0R) OP AR o0

nr vedwr ywggginsy iwnidhathelbipsaptialbs @@ #fe invention are directed. Some of the
kst sggt aal gcl vkdyf pepvtvswnsgal t sgvht f pavl gssgl ysl ssvvt vpsssl gt qtyi cnvnh
kpsnt k preferred epitopes of A-beta against which the polypeptides of the present

30 hnakt kBRSOUDREESF OB Slre O nur REERES Ao I Rlnohapg aRy i v aover

kal papi ekphatoakgder E@@Wé Ins hetisragnavADL Ebvbgémp@l asaner\rmmqnpen
nyktt ppvl dsdgsf fl ys | tvd ksrwgggnvfscsvimheal hn hyt gksl sl spqu ( SEQ
n

NO: 28) WY elesiar Mo Fesorysdty a1 g eingsk3 ¢o3004) and in the background art referred
evall, 9399Ek}<tr‘]rfé?gﬂ,slt id RGNS IRLHhE R SRVhF SRR S % Jitba DR ABRE, file. BHagS VK

rftisrd
t ayl gmms| tgredhavepiiopel{aming goideeld ng y)mqmmvbﬁ\ﬁmgswldﬂmﬁmlllqugsl

(| ORI TS 93RY, Khd SLAST RVRALBYK SRR

lytcagayr 9t ahB\Y EsuaRNBAEHitoPe’ SERTihK HRle P3-apSRISHIRINIFEDR) Mk BE@FPV vSwisga

sgvht f pavNg26y ! M Belypepﬁt@e@fghqﬂly\reufmonhh@ﬁ beldi'nelctedewmhstkeiﬂitecpfwmeeaaggps
vfil f ppkpkdt | m srtpevtcvyvdvshedpevkf n vevh t nst rvvsvl t vl hgdw
nakeyRe kv SRS SRR oL RITTBTER S PRbREPEtS RhaSI PER AL FTBEHFHD Zhesngape

nnykt t ppvléb%(ﬂgﬁéirhmhbpw%ﬁhw@%ﬁﬁeémuhgwmw éhé mahuhsgradu\@nNO 29)
10evq Il esgggl vg pggs scaasgrtfn nyn nmgw rgapg kg

r ef vaavsr §t Yy @ lgnein binds tﬁsihe MN- Wm"ﬁﬂlﬂwﬁppe;ﬁé\dtaasmayr gta

sagevai oLnar oY R AR R AR e porbel 88Rrsg ¢ 1 nyadsvicg

rftisrd n skntayl g msl rpedtavyycaah rfvvgg n rvedw ywg qgti vtvssastkg

psvf pl apsskst sggt aal

gcl viayf pé& M@@Qﬁ%’@ﬁ?’f’%l gssgl ysl ssvvt vpsssl gt gt yi cnvnhkpsnt kvdkr vep
ks 15 cd kt ht cppcpapeaagg psvfl fppkpkdtl misrtpevtcvvvdvshed

pevkf nwvdgvevh na ktkpr

eeqynstyrMv&stﬂoddesdebngkeykmhmmhbakmawdekhos&qﬂgmpmmpq@mﬂWaﬁmwe@@ehnquItc
vkgf yps vewes ktt vldsdgsf skl tvd. ksr nvfscsvpheal h n

nyt kel o B S tort Borrat) Sluete shalel BEoneSs A Dar SRace b oy

mgwf r gapg kg refvaavsrsgvstyyadsvkgrft|srd nsk ntvyl q mmsl

r pedt avyycaaayrgta invrrsysswyqgti vt vssggggsggggsggggcggggsgggg

sggggsggggsevgll esgggl vgpggsl rl scvhsgptfrt dt ngwf rgapg kg refvaavtwnsg ri

nyads vkg rftisrd nskntayl q mmsl rpedtavyycaahrfvvgg
nrvedvvrngqgtlvtvssast kg psvfpl apss

e I T T T T T R I T



Descripti on SEQ ID NO EVQLLESGGGLVQPGGSLRLSCAASGRTFNNYNVGWF 059- 32
RQAPGKGREFVAAVSRSGVSTYYADSVKGRFTI SRDNS 27G5-

KNTVYL QVNBDRPEDTAYYCAAAYRGTAl NVRRSYSS 035- PCT/EP2011/053090
WEQGTL VTVSSGGEGSGEEGESGEEESGEEGESGEEES HSA

GGGEVQL L ESGGE. VQPGGSL RL SCVHSGPTFRTDTM

GWFRQAPGKGREFVAAVTVVNSGRI NYADSVKGRFTI SR

WSKWAYL%@%%@%&YMW% specifically, AD. The agents according to

VLI AFAQYLWWEMbW&M\@VA%@AE% beta binding molecules, namely
biparatopic polypeptides comprising two or more immunoglobulin single variable
domains binding to the antigen A-beta at different epitopes. More specifically,

5 such polypeptide of the invention essentially consists of or comprises (i) a first
immunoglobulin single variable domain specifically binding to a first epitope of A-
beta and (ii) a second immunoglobulin single variable domain specifically binding
to a second epitope of A-beta, wherein the first epitope of A-beta and the second
epitope of A-beta are not identical epitopes. In other words, such polypeptide of

10 the invention comprises or essentially consist of two or more immunoglobulin
single variable domains that are directed against at least two different epitopes
present in A-beta, wherein said immunoglobulin single variable domains are
linked to each other in such a way that they are capable of simultaneously
binding A-beta. In this sense, the polypeptide of the invention can also be

15 regarded as a "multivalent” immunoglobulin construct, and especially as a
"multivalent immunoglobulin single variable domain construct", in that the whole

polypeptide includes at least two binding sites for A-beta.

A polypeptide of the invention includes (at least) two anti-A-beta immunoglobulin

20 single variable domains, wherein (the) two immunoglobulin single variable
domains are directed against different epitopes within the A-beta molecule. Thus,
these two immunoglobulin single variable domains will have a different epitope
specificity and therefore different CDR sequences. For this reason, polypeptides
of the invention will herein also be named "biparatopic polypeptides"”, or

25 "biparatopic domain antibody constructs” (if the immunoglobulin single variable
domains consist or essentially consist of domain antibodies), or "biparatopic
Nanobody constructs" or "biparatopic VHH domain constructs”, or "biparatopic
VHH constructs” (if the immunoglobulin single variable domains consist or
essentially consist of Nanobodies or VHH domains), respectively, as the two

30 immunoglobulin single variable domains will include two different paratopes.

According to a specific embodiment of the invention, in case that the polypeptide

of the invention includes more than two anti-A-beta immunoglobulin single
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CDKSLHTLFGDKLCTVATLRETYGEMADCCAKQEPERN

ECFL QHKDDNPNL PRLVRPEVDVMCT AFHDNEETFLKK

YLYElI ARRAPSRYARREIIFFAKRYKAAFTECCQAADKAA PCT/EP2011/053090
CLLPKL DEL RDEGKASSAKQRL KCASL QKFGERAFKAW

AVARL SQRFPKAEFAEVSKLVTDLTKVHTECCHGDLLEC

ADDRADL AKY! CENQDSI SSKLKECCEKPLLEKSHCI AEV

e SRR iAbeta mmunoglotuln sing
YEYARRHPDY EEW% Br%@&more anti-A-beta immunoglobulin single

AKVFDEFKPV &EEHENonaNE L FEaE BRI gNABDY-A-beta immunoglobulin single variable
RWKKVPQ/gTPTLVEVSRNLGKV(?%gg%IéFg

10

15

20

25

30

omains are directe Efélﬁe%hfpepitopes within the A-beta molecule,
wherein any further immunoglobulin single variable domain may bind to any of
these two different epitopes and/or a further epitope present in the A-beta

molecule.

According to another specific embodiment of the invention, the polypeptide of the
invention can, in addition to the two anti-A-beta immunoglobulin single variable
domains described above, include any other additional moiety, such as a linker
(as described in more detail below) and/or additional protein domains, such as
e.g. a further immunoglobulin single variable domain (as descibed in more detail
below), as long as its binding to A-beta will not be prevented by such additional
moiety. The polypeptide of the invention can additionally contain modifications
such as glycosyl residues, modified amino acid side chains, and the like.

As set out before, two immunoglobulin single variable domains within one
polypeptide of the invention will bind to different epitopes of A-beta. This can be
achieved in one of the following manners: Either, the two immunoglobulin single
variable domains will bind the two epitopes within one and the same A-beta
molecule (intramolecular binding). Alternatively, they may bind epitopes located
within two distinct A-beta molecules, i.e. one immunoglobulin single variable
domain will bind to one epitope on one A-beta molecule, whereas the other
immunoglobulin single variable domain will bind to the other epitope on another
A-beta molecule, thereby cross-linking two A-beta molecules (intermolecular
binding).

According to a preferred embodiment, the polypeptide of the invention will bind
the two epitopes within one and the same A-beta molecule, so that no cross-
linking will occur, and the polypeptide-of-the-invention - A-beta complexes will
form in a stoichiometry of 1:1. Thus, (predominantly) intramolecular binding is
preferred as compared to (predominantly) intermolecular binding, it being

understood that a minor fraction of intermolecular binding may nevertheless
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CAEDYL SVVLNQLCVLHEKTPVSDRVTKCCTESLVNRRP

CFSALEVDETYVPKEFNAETFTFHADI CTLSEKERQ KKQ

TALVEL VKHKOKATKBGIOKAVVDDFAAFVEKCCKADDK  ETCFAEEGKKL VAABCAAIPGA11/053080 | n
anot her preferred enbodi nent, the pol ypeptide of the invention conprises a
noi ety which binds to an antigen found in blood, such as serum al bum n,
serum i munogl obul i ns, thyroxine-binding protein, fibrinogen or

transferr bF!cLIuI edisthy, t%ﬁrﬁeqwgbfignt%‘- éﬁl?fn?@rﬁﬁﬂe&ﬁérf Bihbih n‘? ddh & H%ogeouén'ﬁ'

resulting po ypept| I nvention. According to a specifical
preferred Bmdmeliarrslzte exsliomohrernyatosgraphybbsaysntasi desicriped yn.Savgorebet | n and,

especially, prefe b Iobulln singl e vari abl e
domai n suéh é\‘ cE'Swmn %8% ﬁ@ fluagill-& Egﬁg\pﬁe NEreNORRY: Ifq eYee it n
humans, sgﬁ&@'&@ﬁb@uﬁhﬂ%&g éﬁﬂﬂé@qabp&%m §.bnsﬂeemaa@c@rdrqﬁrh@ng%m n will
preferabl y bind human serum al bumn and wll preferably be a humani zed
al burs n- bsadanage )O‘I-lbetadﬁ@lenulesmMWEUIWHOQB@DEDQUIL&MO@B@QO | munogl obul i n

singl e vari abl e domai ns binding to human serum al bum n are known in the art
and are described in further detail in e.g. W?2006/122786. A specifically

useful al wahother pedfBgedrhissumient 6Pl iBVentin, Bie G@dhALNBe EBEoIBAR-ASaci d
sequence:

evql vesgg§PIAIpYRYNYIobul giNgies IARaMP ARk ePaRKSed Kya foreptide okHig ti srdna
k ttlylq enﬂﬁﬂte%\[:k{ %Eéﬂ%ﬁl‘yf%o?%%% bY b ¥sndub® rbg NS ERY hyRECI ficC

exanpl es nventi on Whi npri se an al bum n bi ndi ng
VHH denai mwe@tuséipyvand 3 cominbleméntar AthIdEté:‘mnEingaegbnpl(C:DRil wpEPR3es of the

id(r;\r/r:in';]i Onrespentt)l\rllel% n\%/lt \ll\r?thaenpcljlg/pAé&?dteaof\{wg |r(1j\?eﬁ||orr]1$sgigqﬁrgtnaen Qéci:o-n A VA
immunoglobulin single variable domains are covalently linked, optionally by a
linker peptide as described below, wherein such linker sterically allows for optimal
binding of the at least two immunoglobulin single variable domains to the

15 respective A-beta epitopes.

It will be clear to the skilled person that for pharmaceutical uses in humans, the

polypeptides of the invention are preferably directed against human A-beta,

whereas for veterinary purposes, the polypeptides of the invention are preferably
20 directed against A-beta from the species to be treated.

It will also be clear to the skilled person that when used as a therapeutic agent in
humans, the immunoglobulin single variable domains comprised in the
polypeptides according to the invention are preferably humanized

25 immunoglobulin single variable domains.

According to the invention, the two or more immunoglobulin single variable
domains can be, independently of each other: Domain antibodies, i.e. VL or VH
antibody domains as described above, and/or VHH domains as described above,
30 and/or any other sort of immunoglobulin single variable domains, provided that
these immunoglobulin single variable domains will bind the antigen, i.e. A-beta,
not by forming mutually complementary variable domain pairs jointly binding to

the same epitope (as in the case of e.g. a VL-VH domain pair of a conventional
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Cl one Sequence information Descripti on SEQ ID NO ABII 316
EVQLLESGGGELVQPGGSLRLSCAASCGRTFNNYNMG 059- 34
WFRQAPGKGRBRVAAYBERSGVSTYYADSVKCRFTI S 9G5- RDNSKNT VYL QrNSIEREV11/053090
EDTAVYYCAAAYRGTAI NVR Alb8- RSYSSWEQGTLVTVSSGEEGSGEGSEVQLVESGG 9Gh-
GLVQPGNSLRL SCAASG-TFSSFGVBVWVRQAPCKG 035

LEVVVSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYL
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30

antibody), but by independently binding to different epitopes (i.e. as a
"biparatopic" antigen binding molecule as defined above).

According to a preferred embodiment of the invention, the first and the second
immunoglobulin single variable domains essentially consist of either domain
antibody sequences or VHH domain sequences as described above. According
to a particularly preferred embodiment, the first and the second immunoglobulin
single variable domains essentially consist of VHH domain sequences.
Accordingly, the invention will herein and, especially, in the experimental part, be
described in more detail with reference to biparatopic polypeptides comprising
two (optionally humanized) anti-A-beta VHH domain sequences (VHHSs) binding
to two different epitopes of A-beta, i.e. biparatopic VHH domain constructs.
However, it will be clear to the skilled person that the teaching herein may be
applied analogously to polypeptides including other anti-A-beta immunoglobulin
single variable domains, such as domain antibodies.

The polypeptides of the invention not only possess the advantageous
characteristics of conventional antibodies, such as low toxicity and high
selectivity, but they also exhibit additional properties. They are more soluble,
meaning they may be stored and/or administered in higher concentrations
compared to conventional antibodies. They are stable at room temperature,
meaning they may be prepared, stored and/or transported without the use of
refrigeration equipment, conveying cost, time and environmental savings. The
polypeptides of the present invention also exhibit a prolonged stability at
extremes of pH, meaning they would be suitable for delivery by oral

administration.

Furthermore, the polypeptides of the invention do not need to comprise an Fc
part which is present in “classical” antibodies, so that side effects caused by Fc
effector functions, such as complement-dependent cytotoxicity (CDC) or
antibody-dependent cellular cytotoxicity (ADCC), can be avoided. When used in
anti-A-beta passive immunizations, conventional antibodies (having an Fc part)

are suspected to account for the induction of microhemorrhages observed in
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QWSLRPEDTAVYYCTI GGSLSRSSQGTLVTVSSGG GGSGEGSEVQLLESGEEL VQPGGESLRLSCVHSGPT
FRTDTMOWFRQAPGKGREFVAAVTVVNSGRI NYADS

VKGRFTI SRENISKNTIAYI0QVNSL RPEDTAVYYCAAHR FVWGGE\NRVEDVWRYWBQGEHPYIIYES3090 ABI | 317
EVQLLESGGGELVQPGGSLRLSCAASCRTFNNYNMG 059- 35
WFRQAPGKGREFVAAVSRSGVSTYYADSVKGRFTI S 35Go-

10

15

20

25

30

humans and animal models, which are associated with a targeting of cerebral
vascular A-beta deposits (Cerebral amyloid angiopathy) leading to
microbleedings via ADCC and/or CDC (Wilcock, DM, Colton, CA, CNS Neurol.
Disord. Drug Targets (2009) Vol. 8(1):50-64).

According to another embodiment of the invention, the at least two
immunoglobulin single variable domains present in a polypeptide of the invention
can be linked to each other directly (i.e. without use of a linker) or via a linker.
The linker is preferably a linker peptide and will, according to the invention, be
selected so as to allow binding of the at least two different immunoglobulin single
variable domains to each of their at least two different epitopes of A-beta, either

within one and the same A-beta molecule, or within two different molecules.

Suitable linkers will infer alia depend on the epitopes and, specifically, the
distance between the epitopes on A-beta to which the immunoglobulin single
variable domains bind, and will be clear to the skilled person based on the

disclosure herein, optionally after some limited degree of routine experimentation.

Also, when the two or more immunoglobulin single variable domains that bind to
A-beta are domain antibodies or VHH domains, they may also be linked to each
other via a third domain antibody or VHH domain (in which the two or more
immunoglobulin single variable domains may be linked directly to the third
domain antibody or VHH domain or via suitable linkers). Such a third domain
antibody or VHH domain may for example be a domain antibody or VHH domain
that provides for an increased half-life, as further described herein. For example,
the latter domain antibody or VHH domain may be a domain antibody or VHH
domain that is capable of binding to a (human) serum protein such as (human)

serum albumin or (human) transferrin, as further described herein.
Alternatively, the two or more immunoglobulin single variable domains that bind

to A-beta may be linked in series (either directly or via a suitable linker) and the
third (single) domain antibody or VHH domain (which may provide for increased
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RDNSKNTVYLQWNSLRPEDTAVYYCAAAYRGTAI NVR 035-
RSYSSWGEQGT L VTVSSGCGEEEECEEEEEEEESEEE 9Gh-

GSCGGEESC3B3EEAGEHVQL LESCEEL VQPGGS A1b8 PCT/EP2011/053090
LRLSCVHSGPTFRTDTMOWFRQAPGKGREFVAAVT

VINSGRI NYADSVKGRFTI SRDNSKNTAYL QWNSL RPE

DTAVYYCAAHRFVWGGNRVEDWRYWGQGTLVTVSS GGGEGSGEGESEVQL VESGEEL VQPGNSLRLSCAASG

FTFSSFGVBMM%%@%%@'a%%@?ﬁgy@@connected directly or via a linker to one of
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30

these two or more aforementioned immunoglobulin sequences.

Suitable linkers are described herein in connection with specific polypeptides of
the invention and may - for example and without limitation - comprise an amino
acid sequence, which amino acid sequence preferably has a length of 9 or more
amino acids, more preferably at least 17 amino acids, such as about 20 to 40
amino acids. However, the upper limit is not critical but is chosen for reasons of

convenience regarding e.g. biopharmaceutical production of such polypeptides.

The linker sequence may be a naturally occurring sequence or a non-naturally
occurring sequence. If used for therapeutical purposes, the linker is preferably
non-immunogenic in the subject to which the anti-A-beta polypeptide of the

invention is administered.

One useful group of linker sequences are linkers derived from the hinge region of
heavy chain antibodies as described in WO 96/34103 and WO 94/04678.

Other examples are poly-alanine linker sequences such as Ala-Ala-Ala.

Further preferred examples of linker sequences are Gly/Ser linkers of different
length such as (gly,sery), linkers, including (glysser)s , (glysser)s, (glysser),

(glysser), glys, and (glyssers)s.

If the polypeptide of the invention is modified by the attachment of a polymer, for
example of a polyethylene glycol (PEG) moiety, the linker sequence preferably
includes an amino acid residue, such as a cysteine or a lysine, allowing such
modification, e.g. PEGylation, in the linker region. Preferred examples of such

linkers are:

GGGGCGGGS (“GS9,C57, SEQ ID NO:6)
GGGGCGGGGSGGGGSGGGGSGGGES ("GS25,C5, SEQ ID NO:7)
GGGSGGGGSGGGGCGGGGESGGGGSGGG  ("GS27,C14", SEQ ID NO:8),
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SVKGRFTI SRDNAKTTLYLQWNSLRPEDTAVYYCTI G GSLSRSSQGTLVTVSS  ABI | 318
EVQLLESGGE.VQPGGSLRLSCAASCRTFNNYNMG 059- 36
WFRQAPGKGRBRVAAVYERBGVSTYYADSVKGRFTI S 9Gb- WO 2011/ 107 3CTHREIVIER2HDIL/ 053090
RDNSKNTVYLQWNSLRPEDTAVYYCAAAYRGTAI NVR RSYSSWEQGTLVTVSSGEEGESGEESEVQLLESGGEG
LVQPGGSLRLSCVHSGPTFRTDTMGOWFRQAPGKGR  EFVAAVTVWANSCGRI NYADSVKGRFTI SRDNSKNTAYLQ
MN\SLRPEDTAVYYCAAHRFVWGGNRVEDVWRYWEQ GTLVTVSSGCGEEGESGEGESEVQL VESGEEL VQPGNSL

e A DS ST 0 e e

EVQ.LESGG(E).‘N@’G)E&IRL SCVHSGPTFRTDTIVG WFRQAPGKGREFVAAVTWASCGRI NYADSVKGRFTI S

B AR RO PROAP I SRR A

VSRSGVSTY KRSy KGRFTI SRDNSKNTVYLQVNSLR PEDTAVYYCAAAYRGTAI NVRRSYSSWGQGTLVTVS
SCGEGEGSCEESEVQLVESGEELVOQPGNSLRLSCAAS  GFTFSSFAVBWRQAPGKGLEW/SSI SGSGSDTLYA
DSVKGRFTI SRONAKTTLYLQWSLRPEDTAVYYCTI G GS LS RSSQGTLVTVSS 035- 35GS059-
9GSAl1h8 3&0,%%

%g'r%-ﬁ)lmiting examples of PEGylated polypeptides of the invention including
such linkers are shown in SEQ ID NOs 40 to 43, 142, and 143.

Furthermore, the linker may also be a poly(ethylene glycol) moiety, as shown in
10 e.g. WO04/081026.

In another embodiment, the at least two immunoglobulin single variable domains
of the polypeptide of the invention are linked to each other via another moiety
(optionally via one or two linkers), such as another polypeptide which, in a

15 preferred but non-limiting embodiment, may be a further immunoglobulin single
variable domain as already described above. Such moiety may either be
essentially inactive or may have a biological effect such as improving the desired
properties of the polypeptide or may confer one or more additional desired
properties to the polypeptide. For example, and without limitation, the moiety may

20 improve the half-life of the protein or polypeptide, and/or may reduce its

immunogenicity or improve any other desired property.

Some non-limiting examples of such constructs are the constructs of SEQ ID
NOs:34 to 39.
25
According to a preferred embodiment, the polypeptides of the invention comprise
a first immunoglobulin single variable domain which binds to the epitope as
defined by SEQ ID NO:3, and a second immunoglobulin single variable domain
which binds to the epitope as defined by SEQ ID NO:4, or a first immunoglobulin
30 single variable domain which binds to the epitope as defined by SEQ ID NO:4,
and a second immunoglobulin single variable domain which binds to the epitope
as defined by SEQ ID NO:3.
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EVQLLESGGELVQPGGSLRLSCVHSGPTFRTDTMGW FRQAPGKGREFVAAVTWNSGRI NYADSVKGRFTI SRD
NSKNTAYLQWNSLRPEDTAVYYCAAH RFVWGGN RVE DVWRYWGEQGTLVTVSSGEGEGSGEGESEVQLVESGEG
L VQPGNSL Ry 8CAABEHDF SSFGVBWRQAPGKGLE W/SSI SGSGSDTL YADSVIRCGREPRGRIDSSABN TL YL QM
NSLRPEDTAVYYCTI GGSLSRSSQGTLVTVSSGEGEES GGGSEVQLLESGGELVQPGGESL RLSCAASCRTFNNY
N MaW FRQAPCKG RE FVAAVS RSGVSTYYADSVKG R

FTI SRONSKNTVYLQWNSLRPEDTAVYYCAAAYRGTAI  NVRRSYSSWGQGTLVTVSS 035- 9GSA1bS8-

ﬁgaégﬁﬁmﬁww@%%W%ﬁ RFVWGGNRVED

VRYWGQGT L W aSECBREGECSATh VRS eate Vs QRENSHRE SKURABCHM ESSRGNEYSROARGRG, EW
VSS| SGSGSDTLYADS KGRFTI S

KTTLYL S : :
L RPEDTAVYVYET @@é%g% MeSERCIESBEN fR IS BRIP RESIERAE ERTENNYNM
GNFRQAPG KG BE é;ﬁé%é’%f RN B K Hot pERNE KNTVILOWS LRP E
DTAVYYCAAAYRGTAI NV RRSYSSWEQGTLVTVSS 035- Alb8- 9GS059 (first E
deleted) 39 In still another preferred enbodi nent, the pol ypeptide of the

i nvention S m)ie. i i n SEru | 1N rein ch
e OB e el B i B B B A e AR P e
descri bedvglugs, meakoterf iRKihexabsPRiscad desdrideeiahi BN 20080 A6 P&y ot
WD2009/127691. According to still ‘another, enbodi ment, a half-life extending
modi f i cat i18n raeles/liFgAnySEHtere Riefarally; 1 emolasAitisociessornd even Mokeal so
reduci ng it ¥y, f a
sui tabl e B@%Wa@&%f‘gé OE@?gp?gbl @md mer%ofé%ﬂﬁrre ﬁ?%r@ﬁ%ﬁﬁ@%ﬁﬂb@‘p br anched
chaihno pol yémeha/sl Feesgﬂemnlal)TRHEm‘in;@gdia%l:meay ?/iuﬁsétmna@Exémp@bl 95 of 10f
met hoxypo ene col), or .. nera any suita ormo
POy | at | on PRAIFOHES GE BRIV el RIE TR PEA)S BTGONDRc T ' AEoIao/i 0% &
ant i bodi eg aﬂﬁwcﬂ’&l{htpé’dy fragments (including but not limted to domain

e

anti bodi es an v's); reference is nmade, for exanple, to: Chapman, Nat.
Bi ot echnol ., 54, 531-545 (2002); Veronese and Harris, Adv. Drug Deliv. Rev.

54, 453-456 Ha d 2003); WO
o oo ARk AR08l kBl oo B o P Rl i o0

pol ypept i @eauaﬁcfesah&ﬁe ﬁg@ﬂs@bﬁuébhheamehﬁ&i 8re 49 HeftEIBERW AdTREK BN

Ther apeuti cs Cor poration, Japan, such as the SunbrightO0 EA

Serj es, ssus@tnaiér’we mlysgph@% of the igyentian biada taA-ISetei wit) aglisseciatiosunbr i ght 0

VE 100, cSHBBEL A1) M 200 M DMl SHBR LA e RORR0) Prleraiy

for exanmpbet g{@@@_et al., Protein Engineering 16, 761-770 (2003)). For
exanple, for this purpose, PEG may be attached to a cysteine residue that
25naturally occurs in a polypeptide of the invention, a polypeptide of the
i nvengion R AN=Y r e cysteine
| Vet on iy A kB g BBl BEbheA B PGS BEBIGL of R CYStelne
more cyst mmtloammmsetmwowt betzhiiedingdmniiiegialyulmesihgisadriable demblinsand/ or

C-term nus and/ or a li n that b es two_or nore functional
domai ns o%aé'nﬁdWﬁ HETUie (QE&SQ Ng)si ?ﬁ/%‘ﬂ?f‘d’hﬁjag? 'Q@PW@ t echni ques of

D011/ 10760 LA OISR ARle B8fiad ddmaine.sii [ ed person. YO
FR(1)1 - CDR(1)1 - FR(1)2 - CDR(1)2 - FR(1)3 - CDR(1)3 - FR(1)4,
25 immunoglobulin single variable domain 2:
FR(2)1 - CDR(2)1 - FR(2)2 - CDR(2)2 - FR(2)3 - CDR(2)3 - FR(2)4,
wherein:

CDR(1)3 is selected from the group consisting of:

- the amino acid sequences according to SEQ ID NO:13 and SEQ ID NO:16; and
30 - amino acid sequences which have up to three, preferably up to two, and more

preferably one amino acid difference as compared to said amino acid sequences

according to SEQ ID NO:13 or SEQ ID NO:16, respectively;

and
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Preferably, for the pol ypeptides of the invention, a PEGis used with a

nol ecul ar wei ght of nore than 5 kDa, such as nore than 10 kDa and | ess than
200 kDa, wochiiaw7ioess t han 100 kDa; for exanple in the ramgP2afi/02®H9kDa to
80 kDa. 5Wth regard to PEGylation, it should be noted that generally, the
invention al so enconpasses any pol ypeptide of the invention that has been
PEGyl ated at one or nore am no acid positions, preferably in such a way

h id ' ' ; .half-lTife i ivo; (2
t hat sai m&mé%e%ﬁ m(tﬁégrcg’gg&grﬁsg&gy@ a ife in vivo;, (2)

reduces i enicity; (3) pro nore further benefici al
properti es the@minpearcicseduwandeEdoadingrio SEL) IAdE3:18pand0essenti al |y af f ect
the affinity of th ol ypeptide for A-beta (e.q..does not reduce said
affinity byAHEOAGRsROud GRS WAEhhEve U BrBresiekbedbyPro W0, AR M8, as
det er m negrdrgrab|yp Bhé ahifo 2eRAYifefdHcl #ScdhipsRdteswid Bafhd Beldhgedexar! es
bel ow); and/or (4) does not affect any of the other desired properties of

t he pol ypapeordiyg ©f SEQLD NOeh®;i on. Suit abl e PEG groups and net hods for
attachi ng thm ei ther 15specifically or non-specifically, will be clear to
the skill&d person. According to a specifically preferred enbodi nent of the

i nvent i onwhar&lF@ié attest ©D fehegs ahd the fiamesvdrk @8gioRPeddences ardfrst noi ety
of linear PEG having a nol ecul ar wei 8ht of 40 kDa or 60 kDa, wherein the

PEG moi o1 SPPeTGRIbATERD Dot WHDEBFHdp NaleCeoarpom SEcoregicnid (R,
o et §PF9 wibomergsdt nesiiledoarona .
houn i n SberiorRedy sush i Bl Bat b Ao Bhichs i G St BB AR U 1

SEQ 11® NOiriended fdr lﬂes'hﬂjcumnbﬁinafrlder k@r&ﬂubé mh?Unprhiﬁﬁ? ofishes poiypeptideSEQ | D
NO 9, or at position 5 _of a, 35Gh-1inker peptide as shq in SEQ I D NO 10.
25 Prefer Piﬁ%‘%%‘l‘% bie patsy 6?‘?68@%99{(1%@'@@7@1%?’%%\? maiped and

pref erabl y t r ; ki SMch as

"Sunbri ght?zolgml(]/éh ﬁgg%‘g\%frlgsﬂ?@hé;ofmgoltﬁét?ﬁg%& o?li)g\%i ng |§ﬁgﬁ1ﬂ2é;ﬂ(/§ gtrl(?rruHI a: which has
an aver agenmoineglabalin seigihivandblé@onman lamay dievecated N-ddrianally &ed ow. WO

2011/ 107507PCT/ EP2011/ 053090 .Tabl ¢ VI.: PEGyl at ed pal tid f.th
nvent i onMENPRRPLLD SO R Ee iAo BN BakrGRRE PREBADS" e
Sequegpce gaf mation Descripti on SEQID NO ABII3 22

VQLLESGGEE VOQPGGESL RLSCAASGRTFNNYNMAOWFR
QAPGKGREFVAAVSRSGVSTYYADSVKGRFTI SRDNSK

GOCEVCL | BB O e SO REISS IR e GroLp EONSRIR S e sk~ 00

WR@P%@&WN&JAM&% ey SPRYOIRO 118Rind SEQ ID NO:16, and CDR(2)3 is the
DNSKNTAYLQVNSL RPEDTAVYYCAAHRFVVGGNRVE DV\RYV\G%;TLVTVSS ABI | 059(-) 27Gb i nker

with C at apuRe Arishsepuensglacggrlingto SEQ ID NO:189.

20
Even more preferably, the polypeptide of the invention comprises two A-beta
binding immunoglobulin single variable domains having the structure (SEQ ID
NOs as given in Table | below):
Immunoglobulin single variable domain 1:
25 FR(1)1 - CDR(1)1 - FR(1)2 - CDR(1)2 - FR(1)3 - CDR(1)3 - FR(1)4,
immunoglobulin single variable domain 2:
FR(2)1 - CDR(2)1 - FR(2)2 - CDR(2)2 - FR(2)3 - CDR(2)3 - FR(2)4,
wherein:
CDR(1)1 is the amino acid sequence according to SEQ ID NO:11 (which is the
30 same as the amino acid sequence according to SEQ ID NO:14);
CDR(1)2 is selected from the group consisting of amino acid sequences
according to SEQ ID NO:12 and SEQ ID NO:15;

-4 -



ABI | 3 23 VQLLESGGE.VQPGGSLRLSCAASGRTFNNYNMGAFR
QAPCGKGREFVAAVSRSGVSTYYADSVKGRFTI SRDNSK
NTVYLQWNSKBREDTIBYANY CAAAYRGT Al NVRRSYSSW GQGT LVTVSSGGEGSGBGEHES
SCGGEGSGEEGSEVQLLESGEEL VQPGGSLRLSCVHS @TFRTDTI\/GV\FRQAPG(GREFVAAVTWNSGRI NYAD
SVKGRFTI SRDNSKNTAYLQWNSLRPEDTAVYYCAAHR FVWGENRVEDWRYWEQGTLVTVSS ABI | 059-
35G5 linker with C at position 15- ABI1035 41 ABII3 05

%&E%@Lﬁgﬁgﬁwmsmmg of amino acid sequences

KNAVYL QVNSLEGTEDTAOYYEGARYRGTAS BESEOED \MIGFBOVTVSSGREEC GRGGSGREGESGREGSEEG
% GGG.VLA LRLSCVH S@TFW&WFVAAWWNS@I NYA

DSVKGRFTV PR LHYEN) QVTVSS ABI | 050-

35G5 i nkeyp &Gss(%h%tarﬁ%%' édl@@,eéuerﬁ% é@&)@dﬁ% tORE @G 1BNO:18; and

EVQ_VESGGG_V

RQAPGKEREQWR&SR&N@WDW@Wcordmg to SEQ ID NO:19;

KNAVYLQNH%&PEDTN YYCGAAYRGTAI NVRRSYDS WGQGT QVTVSSGEGGEC GRGSEVQLVESGGGELVLAG

GSLRLSCV! TFRTDTMGWFRQAPGKEREFVAAVT WNSGRI NYADSVKGRFTVSRDNTRNAAYL QVSGLKDE

DTAVYYCT AHREW@@BWEW@E@% s‘é’ﬁ@eﬁ&és& aRdnoOsBedifidall ¢ limiMedbu€ vall beosi ti on

14 Q_L SGGGL I\KIY

5- ABI 1002 43 ABII 3 QPGGSLRLSCAASGRTF
RQAPGKGREFOIRAtESRaGeTshilsEnRisRrACSRINE to the specific needs, Such as

A A A BT G MRS s roseaccseas

@TFREDTWM%@QRG@@&HV%WWN&@%W@@GW of the polypeptide of the invention.
SVKGRFTI SRDNSKNTAYLQWNSLRPEDTAVYYCAAHR FVWGGENRVEDWRYWGQGTLVTVSS ABI | 059-
35G linker with C at position 5- ABII035 142

In the polypeptide of the invention as described above, the particular order of the

immunoglobulin single variable domains 1 and 2 as set out above within the
polypeptide is not critical, so that above-mentioned immunoglobulin single

15 variable domain 1 may be located at the N-terminal end of the polypeptide,
followed by above-mentioned immunoglobulin single variable domain 2;
alternatively, above-mentioned immunoglobulin single variable domain 2 may be
located at the N-terminal end of the polypeptide, followed by above-mentioned
immunoglobulin single variable domain 1. In both cases, additional sequences

20 and moieties may be present within the polypeptide of the invention, e.g. N-
terminally, C-terminally, or located between the two immunoglobulin single

variable domains, as set out in more detail herein.

The above CDR sequences and sets of 6 CDR sequences as present in the
25 polypeptides of the invention and outlined above are summarized in the following

Tables | and Il, respectively:
TABLE | and TABLE II: Preferred CDR combinations in polypeptides of the
invention comprising two different A-beta binding immunoglobulin single variable

30 domains

TABLE I: CDR sequences
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ABI | 3 15 EVQLLESGGGEVOQPGGSLRLSCAASGRTFNNYNMGWF
RQAPGKGREFVAAVSRSGVSTYYADSVKGRFTI SRDNS
KNTVYLQVNSORPEODAMYYCAAAYRGTAI NVRRSYSS ABI | 059- 9G5 | i nle€m/FP4@1/05¥090

2011/ 107507PCT/ EP2011/ 053090 WGQGTLVTVSSGGEGEECK GGGSEVQLLESGCALVQPGG with C

at

SLRLSCVHSGPTFRTDTMAWFRQAPGKCREFVAAVTVWV posi tion

NSGRI NYADSVKGRFTI SRDNSKNTAYLQVNSL RPEDTA 5-

I —CW T Y

o a further
|1y conprises a

1 brain barrier. In

ypepti des of the
or nore (such as two

ai ns such as the

Fe4d4——and—+€b described in

bel ow. 10Thus, the

y the follow ng

VYYCAAHRF VEDVWR CVIVSS ABt 035 According |
enbodi men E Lﬂ 'g(é)v ewaé’c'gfse%%nqenvent ion addition
noi ety whj ¢ all ows thﬁjmeypeptlde to cross the bl 00
parti cul af5—sardrorgty that_—attonws—the resut-ting poty
i nvention| % 5cross tH%V 31\/5'(%53) P MPPURPi er may be ong
and prefefaply one) i nmmd;gbgk/GDWngl e vari abl e do
brai n targeting—antiijo aghents \‘VI=:=:D)
W02/ 0574484 Exanpl es [ﬁw €of are shown in Table X X
pol ypepti des of the ijnywenivNecRAVABSYX@Ee descri bed b

16 HRFVVGGNRVEDWRY

17 NYNMG

18 AVSRSGVSTYYADSVKG

19 AYRGTAINVRRSYSS

TABLE II:

Preferred sets of CDR sequences / CDR combinations (sequences

defined by their SEQ ID NO: as given in above TABLE I):

set 1 set 2 set 3 set4
CDR(1)1 11 14 17 17
CDR(1)2 12 15 18 18
CDR(1)3 13 16 19 19
CDR(2)1 17 17 11 14
CDR(2)2 18 18 12 15
CDR(2)3 19 19 13 16

Human immunoglobulin framework region sequences (FR) that can also be used

as framework region sequences for the immunoglobulin single variable domains

as described above are known in the art. Also known in the art are methods for

10

derived from species other than humans.

humanizing framework regions of immunoglobulin single variable domains

In a preferred embodiment, the polypeptides of the invention comprise the

following framework region amino acid sequences 1 to 4 (FR1 to FR4; SEQ ID

15

NOs as indicated in Table Ill below):

FR1 is or comprises an amino acid sequence selected from the group consisting
of amino acid sequences according to SEQ ID NO:20 and SEQ ID NO:21;
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general fornmula: A - ISVDL - B - ISVD2 - C, wherein | SVDl and | SVD2 denote
an A-beta binding i munogl obulin single variable 15domain as descri bed
her ei nbefwoeptibiond’ng to different epitopes of A-beta, POTIEPAEI1H539901t he

i mmunogl obul i n single variable domains according to SEQ I D NOs 44 and 45,
respectively; and A, B and C i ndependently of each other denote: no
additional noiety (i.e. Ais the Ntermnal end of I1SVDlL, B is a peptide

bond 20l SVD2

or more dbea " CETRLEE] 4T B8 st B BN e of
hurman | gGFHagMorlogmprlsng anaamilrtdwamd|slequeam&jsqdee1feeirfadu’hyhé:gctmp)cw@|ﬂ@ CHS;
al bumn or,a t her eof

oo b Bt OB EedAREES e RO e SR Mol B SE TN Badly pumi n

bi ndi ng i anu@,gir%%ﬂr&e@d?ﬂérﬁlﬁbaéélé%bauéﬁé@bec&am%”to%@@lrmrl\l@w' ng
peptide; a linker peptid wh iIs optionally PEGyl ated; and preferably B

denotes a |inker peptide having from3 to 45 am no acids, including at

| east one ineesi due ich i EGyI| at ed, preferably with a PEG40 or
PEG60 noi WtEeU\% Eﬁ%ﬂ’ﬂ%@%’gﬁ%‘w 1/ 053090 one or nore A-beta binding
noi eti es, g gefigy ablly an additional anti-A-beta imunoglobulin varigble
domai n, i BE | cal graniioe acideagiense to | SVDL or | SVD2 a pol ypept|i de,

pr ef er abl vi :\n Lnmin nnl ahulin ci nnl o vyariahl o danmpi n caonforri ng tolt he

pol ypept i fi20bl ood- BNARDLESGGELYVQPEGShBLBOMHEEPASR such as FC44 and FCS

A AP-L-O-

meani ng. a2hbove. apyOH RSRBEVAR e B LRNPLAAS GRSl |y for myt al da, Mt

resi due, fop exarrpl Q/Vng,Qn@ijEp\f/Aexpresm on in a het er ol ogous hagst
or gani sm andtoer st-gral—er—teader——se egqHenee t—eireets—seeretion of the

oLy pent | HE3of 1 he | R EGRINSKNIAL M EDAYY SyMhest o and/ dr a
r o- sequep whi ch - on of the
Bol ypegti ggi n_a_si iF\'rsl.:q EB%Q<WAMWE§'L§A%§¢IgH LSVD1, 1SVD2__A gnd B
have the pR&ni ng ag WBRETEWAVSS denotes a "tag", such as an am no |acid
sequence Or Tesidue that attows or facititates the purifrcatiom of the

pol ypeptide of the invention, for exanple using affinity techni ques

di rected sg)ebmstemaipﬂesef]lmanoaogibbumisirtthE vaiatie dagaimy hadngthe f& and be

r enovabel %Hier such urlflcat on step, e.g. by chem cal or enzymati cal

cl eavage, & 6?89?'&&3 SRR PEO¥R&nce of the pol ypeptide: for this
purpaose, the tag may optionally be linked to the pol ypeptide sequence via a
cl eavabl e |i nker sequence or contain a cleavable notif. Sone preferred, but
non- | i m t imgusoghgbiubs soigle vetiabledaias laffiestrarminopiaid Hies giutamate, esaylues,

gl ut at hi one,.25resi dues .and a myc-tag such as AAAEQKLI SEEDLNGAA (SEQ I D

R0 a6y TRBHGRAGTHE Mo

evqllesggglvgpggslriscvhsgptfrtdtmgwirgapgkgrefvaavtwnsgrinyadsvkgrftisrdnskn

taylgmnslrpedtavyycaahrfvvggnrvedwrywgqgtlivtvss (ABI1035; SEQ ID NO:44)
15
Immunoglobulin single variable domain 2 (first amino acid, i.e. glutamate, may
optionally be missing):
evqllesggglvgpggslriscaasgrtfnnynmgwirqapgkgrefvaavsrsgvstyyadsvkgritisrdnsk
ntvylgmnsirpedtavyycaaayrgtainvrrsysswgqgtlvtvss (ABII059; SEQ ID NO:45)
20
Specific examples of polypeptides of the invention which include, in one single
polypeptide chain, two immunoglobulin single variable domains as shown above
and, optionally, a linker which connects the two immunoglobulin single variable
domains, are given further below.

25

- 44 -



According to an inportant further aspect, the polypeptide of the invention
is used 30for therapeutic purposes, such as for the prevention, treatnent
and/ or alwewbatiogse7of a di sorder, di sease or condition RETEPRO10O530B@] OW,
especially in a human being, such as Al zheiner's D sease (AD), dry AMD, or
gl aucoma; WD 2011/ 107507PCT/ EP2011/ 053090 in a nethod of treatment of a
patient in need of such therapy, such nethod conprising admnistering, to

the subj e%cb@ieiﬁ%f‘djt ?P@f@ﬁ% erﬁbﬂﬂeﬁ%%?oﬁ@éﬁ dé&b‘fﬁf‘e AUBRMIN Moie, | east

one pol ypeptT e itnvention or a p tical conp05|t|on (as set
out in deeapécibdy Mv}anmenrassa trgprapelhthozag@me@trmcdetyoﬁ/h|r:heeerndsethe|haif lifgher ei n

o o U Ch e e Boheeiaiddl o BE e ion sEramax ot WD Bl Bep baishl, dhels *Ab,

dry AVD, @drm@'aiCifE®means tﬁé"hrﬁeht%keﬁ‘?@rat'h%tééi’l']mctfor%eﬂﬁgh&@ﬁﬁﬂfe (rRBditid®)
prevention, treatnment or alleviation of disorders, diseases or conditions

as set oupolypeptige tutdduge CH0%y i VD, fooexamgla@@@tmdegradahgmrﬁthm ng; as

he-bet or SORRRENEBholst s aBcd T sEh et Wl BRI (e

foll owi ng: disease) as nentioned above 15is a di sease t hat can be prevented
and/or treated and/or alleviated by adm nisterin pol ypepti de of the

i nvention MQfetS@@Ckaé@'i%ﬁﬂJCBmB{lei@rﬁPi{er@éigw@O'%{M@,an @\@!ﬁﬁiyflmﬁmqr a

di sease { %F}é;} h, d A-bet a
producti gﬁjgegj tsgssqﬁ’qpa'ﬁgt)ﬁ?%)éﬁa ?%g'r\"g?\c(&:{% f anél'ﬁofé{ﬁ Fg seralt(ss)@ r:gr?r{\edl ated by
anyl abd pb&mmﬁnfmouaa; iaofragrhentneitarpalbamidniéty, ahiajmumeinshindibgndoiehe | i ke.

Even nore s eC|f|callg the disease is a, disease that can be prevented
and/ or trébl&ééséﬁ‘o@@k '@PF&R}MMOSPQ@B@'%“? H@”W'@dﬁ&”@i@ af@nsteriBver si ng
the (undegjy, cﬁrﬁ’g%n{o@c%tyﬁéu&{‘aé’én%‘tu't%r}b?er% ﬁmﬁlﬁ%o;ql&ﬂﬂ(noém b BifsbR d pl aques

and/ or of oners 1 n a patient seases orrprl ng e.qg.
neur odegederrein \aapdhysmaaile;dene hwlewde, suanase molysthdene gbicat mblecule, an

25neur odegener.ati.ve di sease bei ng AD., Th t| des of the
mvent i on SEMNOBA PRt G it hRo gy s BB DA E Yt ment o
al l eyiation of diseases such as: Al zhei mer' s di sease (AD; aII types and

stages of the disease including 30preclinical and prodronal sta al so
known as Ageaisiitg to one enbodirnee, H‘E@ polyp@ptlde ohwednyentmmmey bgdi éltat ed

2011] 107509BCTrRksoFORYssh®: PaEb RO EaraRRIn SR IS ar Bl ny (camy

trisony 2gffeQomurctionsds @ﬂi@?bolypépﬂd&%ﬂ@e&d%ﬁhdﬁ%ﬂd/éb’ﬁﬁ& QoRfer the ablllty
her edi tar¥ cerebral henorrhage w th anyl oi dosis of the tch-t
(o]

( HCHWAS D) 1o bind to aenenpee if fecarioRs. Berrsample, for thf&@tﬁpeﬁ;@n@m Mthp@lbar
degengr at by limited tHréieC HPantibody paHY Aa) Y bmb @ BhHrisE 85 Hhfor

CHS3 domains of an antibody, such as from a heavy chain antibody (as described
hereabove) and more preferably from a conventional human 4-chain antibody;
specifically, the polypeptide of the invention may be linked to an Fc region, for
example from human IgG, from human IgE or from another human Ig. For

25 example, WO 94/04678 describes heavy chain antibodies comprising a Camelid
VHH domain or a humanized derivative thereof, in which the Camelidae CH2
and/or CH3 domain have been replaced by human CH2 and/or CH3 domains, so
as to provide an immunoglobulin that consists of 2 heavy chains each comprising
a - optionally humanized - VHH domain and human CH2 and CH3 domains (but

30 no CH1 domain), which immunoglobulin has the effector function provided by the
CH2 and CH3 domains, can function without the presence of any light chains,
and has an increased half-life as compared to the corresponding VHH domains

without such modification.
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10- sporadic inclusion body myositis; and anxiety disorder in an elderly
human subject (e.g. of at least 55 years old), selected fromthe group
consi st i nyoab1iais®3si ve- conpul si ve di sorder, pani c di soPdeEP2@ansmat t ack,
agor aphobi a, post-traumatic stress disorder, social phobia, disruptive
behavi our di sorder and chronic fatigue syndrome (wherein said elderly 15
human subj ect may or nmay not be diagnosed with a condition related to
A-beta, selected fromclinical or preclinical AD, chronic anyloid

angi opat hy and Down's syndrome); wherein such nmethod conprises

admi ni st eSpeglfictm(ammempépolypephn:@bftthenrmfntloa includingpralF cpodian @ath gr

active ano f..a polypeptide 1 Lor .of a
2ophar maciPLEPTEGROERTEN Eorr ORGP e LEeAtod RersIoRRM ext of e
present invention, the term"prevention, treatnment and/or alleviation"” not

only conprises preventing and/or treating and/or alleviating the disease,
but abso geakesgigoivapgapirisswisgptisidingwirgapakgrehsaltwiisgrinyadswgiisrdrskn

onset of  MTERS AR aRbRE Gl B OARERR iy Bh B GRE o DaBthgobnG) o

al I evi ati chén'@ﬂﬂhnymhg?wﬁrqm@gKgﬁf@%&g%gaét?ﬁa&wkprﬁlb@r@kﬁ@?&ﬁlnﬁ@fédfavw the

severity and/or the duration of the disease and/or of alsé/ t ons
associ at edCaGBY @W'QWF%ﬁQW@ﬂQ%YtéWKQ@VHﬂWﬁ&kﬁ@lggt@ﬁi@@é fP‘PP\ttM@N%@ﬁétrl ty

o LR O SR AN I A SOEKPLATH GSAASLRAEOL LI GR oo BtEEY: 10,

generqal | yIfppkpkuitiatismoeltoghaashedpeviinihalgveshekikbrieegghstyos vishieyIpadwiegt
bei ng treated. V\D 011/ 107507PCT/ EP2 11/ 053090 S eckgfjécall , in the case of

AD, the pOBYY BaPE HPE?rP,QVy PRETRETHEUR SUEIV KGUPPHE ¥V PRI RSN b e
d f th
denti 11 eﬁﬂr ?’%ﬂ%da%ﬂ%“?%‘%%qgﬁvfﬁﬁ%@ﬂ@@%q/‘i%'%'é“?gk dSs N2
treating patients with mld cognitive irrpai rrrent (MCl), who are at risk to
t 5t d f th t of AD h
ot ent s eeiaassElinosr Srees gt BihyBbwage Y IR nRLs S SR dar AR o
prodrgnal el ﬁ§1rﬁéo@ﬁ\%@cbﬁl%g@'ﬂ@H%ﬂr%(ss%'a@'tlv&ség@é%gfg@@‘sgé?g5@’99@%@@@| ude

specific mutations in the gene (in particular at d 671

as wel | agggwnltesglgfmpsugslrlacwh’sgpﬁrtémmrqap@@ﬂ@@aamrmdmmv@nf@stdm

hyper chol asvavisli BEUR RubSEu el g B b disiiTapostgisootea

Di sposi ti gelvkayfpé&/mmbgal@bga@ﬁpaﬁdsg@yélysmvmlgtqﬂyrmVAhIq@rﬂkxzdmﬁép@nd tau

concentrations in Neur ol magi ng. t echni ques (e. PET and I\/RI%
i dentify ﬁaklih&mpapelig@@vtﬁppb@ tsrtﬁgvtcavmsheﬁpg@ﬁ@w&vdg\m@na U,ﬁpfﬂ

several bi r h a
i gh Zens PToT g AU e ARTBaTR AR R gRpi R AeleRleRaSINY o,
Downhs sykgfytpsﬁi,avbweedgthpa?&br)nytkﬂpp\ldlded%éf&ymdtwdmﬁ/qqghﬁfsawrrbeaﬂhshgltqckélstshe
Dutch type, a et a-anyl oi d angi opat hy, the pol ypepti des,
conpositi895,&§ﬁ§?é§ﬁh§8§ of the invention may 20al so be useful for
preventing their potential consequences such as single and recurrent | obar
henorrhages. The subject to be treated will be a manmal, and nore in

par ti cul aevalléngggtvapggalgscaasgrtfhnyrivegwirgapgkgrefvaavsiagivbysagerkgofisransé
subject to i articular, be a persaon sufferingﬁfron1 or

b i
%k 1 PonforhSelalyaat ol RS dan s S s Ueae e Ep el GG
W' | | al SOSQ?Q@%@:S stquék@g?K)qbb?QIrI@&Wﬁé@btﬁ*tﬂ%gMGa@@@f@f@Wzﬂ%rifhfyads

treat nent ease | nc reparati on of a medi canent for the
t reat ment vmﬁtﬁdasmaylgmgpeﬁawm Fggntvedwryveagtivivasasthgesp®lansspt i des

of the in or
phar maceutr b AR N T RO o B B yp Sy Gl R
di seases. vdkwe kéétﬁ(thtﬁpﬁmapvﬂggb§\ﬁlfp@k;ﬂ<bﬂm|s§r‘tpé\,hi©/mesiﬁédpfevlkﬂivw,@lgklede of
the i nvention | n the preparation of phar maceut i cal
30 hnaktkpreeqyns rvvvatthqdengkeykckvsnkalpaplektlskakgqprepqutlppsreemt
kngvsltclvkgfypsdiavewesngqgpennykttppvlidsdgsfflyskltvdksrwqqgnvfscsvmhealhn

hytgkslslspgk (SEQ ID NO:28)
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WO 2011/ 107507PCT/ EP2011/ 053090 conposition for the prevention, treatnent
and/or alleviation of any of the di seases, disorders or conditions

ment i onedawbendinaiwove. The invention further rel ates toPaTErRypoOpiopale of
the invention for therapeutic or prophylactic use and, specifically, for
the prevention, treatnent and/or alleviation of any of the diseases,

5di sorders or conditions nentloned her ei nabove. The invention further

rel ates t ég@@ i dFRIK

and/ or al Iggglila |§W§B%W§e\/ ses !gﬂ'g @g rIs‘?k?v:\()are&)/?:on ﬁygggv rgént%fone

her ei nabo%s/IqmmelrreedtasyymabdmgglmemmrwtgqgtlwmssggggSmsevqlr&sgggl\mpggsh de of
the i nvent,i on.

to be bound b t he th
bbove | hor SaERdr Oy TR OPOATEL 28k Sar o moRt R ERSlab Yy et Y ng
mechani smycJAsrg w.m%s%agwtvééﬁtkgﬁé@ma&sketéggtéa%&vwf BepHUSKERYalt

inhibiting its I'nteraction W th one or nore other A-beta 'nolecules or the
interacti §gvraifpaodqmwsbawntvasséutﬂbmmvrmkpsnﬁwﬁhltvgpamdl@fmtcppcmama@gwst h a

o omol ccu EPPHREA s i kGt R rad i Bh Bk B SRR o

sol uti on, ngkey'mﬁv@rﬁkeﬂp&i;ﬁeRJtiskfahgq|§rep‘d@?ﬂl;ﬁisﬂeéﬂﬂﬂ(r@wbﬁélv@fpﬁécﬁam@ﬁwq@% may

al so be a part of a plaque, in suspension or solution or one or nore of
t hese. C @avlétmiéﬂ(éﬁdgéﬁbfﬁ@rt%rwqmﬁwsymﬁeal@ramﬁqlaﬂslﬁmk HOR&HE? NO£8) m
oligo- and multinmeric forns, aggregated sol uble and insol uble forns,
fibrillar 20forns, proto- f|br|IIar forms and anyl oi d pl aques fron1the

braing bl eodllee@gmcﬁ)ggslrletaasrgrﬁanymmgwfrthglkgréﬁ/araasrslgestwadsﬂgrﬂuerdm%d| ng
of the pol ? ét?ﬁ{jJ the invention to A-beta. Reduction of A-beta |evels
KR SlEetay

in a body" 3@‘!‘3@?%@}3'FYféSVSéM{QQQF%WS%@gQ%gQQQ§9%99%ggggggggg%
A- bet |
bt 2 | g0l SR Sl EASH BONABIANRE Rpads o ool

al | evi at esktfntaytwmﬁlm@tm@yde@mﬂe&gnrw@mgwgqgtlﬁvsmmsvmlapssjmsggMalst op
t he di t d . nd it
e o e BB o e bR e A Ty B B Rl L
net hagl f ogg @t‘ﬂtd’ﬂﬁébﬁb@%@%ﬁévﬂmpkﬂtlrﬁ@rﬁﬁe@t&v@{/d\fswedééﬂ%ﬂw\ﬂ@vdmbkﬂ{p@py
whi ch net hod conpri ses mnisterin to a subject suffering fromor at

ri sk of tﬁ@qmn%tmvy@glt\&@qdmlngk@yi@deaémapIe&tl%ﬁhgwe@avyfbms@emtmqveltqrmunt

comr |1 narawes @Rt g Tk BRBN kD TOR RS RLm ARFRGRAM 1T

anot her aspgk:t(SF_tdfl(ﬁ:)lNU609I on relates to a nethod (i) for the preventi on
treatnment and/or alleviation of cognitive decline, and/or (ii) for
restoring cognitive function and/or of inproving cognitive function, said

o' s Ctl , (
T o o E PR aoRoREghk s ErfifynrhgntoabokdrEh delsiBeEn o AIIsRnsk
a phar macemwqmlhslqmnmawceaayr@mvnrsvmgtqbdvmmggﬁ@@ggsggmgggeggg@ the
i nvention and/or the c¢ tions conpri ]J sarre 10can be adm ni stered
to a pati §9999$9998§8V9'f?éBQS‘VqPﬁgéFJ?C‘Z%QPEHBE“MﬁH@PQ He @ﬁavﬂbs%wy?a

fi i th
v hept | JAgHtRaRHkiEAGRITBYORY | At BERABLWARgdd A siSios T lbes 1™
catn for ek?hsggtaaig;lﬂcﬁnfm@f‘eswwlg;laﬂtsgw&raydmsglysiaswtypaiafigtmylgn\l/r}hkpsntlkl
I N rarruscu | raperi tonea ora S | N a
o & e ekl R B g AR R SRhe cud bl KR SR ¥ he
tongue an%ﬁé‘l&ﬁb@%@{h@t@/ﬂ%blt\ﬂH%Wkéym@h%ﬁépﬂeﬂﬁ%dk apﬁewvyhméfe@m wor k

under the tongue) i nfra-)nasal orm of a nasal spra

and/ or astlamvaéelwkgfvpsdIawwewgqpennyk%mﬂﬁsdgsﬁwsglhw@gwq%lyvfswmfmi%/at| on,
i ntravi t_rﬁgiuqé(sﬁgsmgr(g%b [51%@ ?igt ment of dry AMD or gl aucoma), or any

ot her sui in an tive anount or 20dose. The pol ypeptides of
the invention and/ or the conpositions conprising the same are administered
according to a ?I men of treatnent that is suitable for preventing,

treat®? ng éﬁ@?"&m% Q afurderRmbeimant ea81e inyeriHdhe drvo FpRMNcBKbUIB be

single variable domains may be fused to a serum albumin molecule, such as
described e.g. in WOO01/79271 and WO03/59934.
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25pr event ed,

det er m ne

di sease, wp=oridwrsoer condition to be prevented,
severity of the disease,
pol ypeptide of the invention to be used,
adm ni stration and pharnmaceuti cal
anleim
simlar factors
regi men wcbmpcisimgyré

t he age,

conprising the sane,
amount s O'TaBFéSRﬁ HSADRERIN pr

al l evi ati

a suitable treatnent reginen,

pléﬁf%%ga@t%c 6@@%@%@3&3&5&%@%“

e clinic

otdi®r the prevention,
on of the di seases, bdisorders and conditi

treated or alleviated. The clinician w ||l

or of one or

cﬁ%ﬁ@

ons nen

the specific route of
formul ati on or 30 conposition to be used,
iR&htisAT -
the treatnment

a bemanesesrdmi albemiratriogty a$ givee nuor'l'altutﬂr B/.pol ypepti des of the
WO 2011/ 107507PCT/ EP2011/ 053090 i nventi on,
in therapeutically and/or prohylactically effective
treat ment and/ or

generally be able to
dependi ng on factors such as the

t r eat ed PoM/ERRO1@WF D@,
the severity of the synptons thereof,

t he

the specific

and

nore conpositions

ioned herein and

dependi ng
pot ency o
specific

oaqudnse dfemidtion di sease, disorder or cong

f the specific polypeptide of the inventi¢

route of adnministration and the specific |

liQeiseriptt
PNt o be
vhar nace

D &

t

liged,
WiNGal

reat ed, the

t he

formul ati
general ly
ki | ogram
ng/ kg/ dos
cont i nuou
weekly, o
especi al |

prophyl act

i nvention
The dosag
any conpl
and its s
adm ni ste
weekly, m
| ong-term
and prefe
pol ypepti
be tested
assay and
30dependi
nodel s w
assays an
are, but

DRVQL LESGBUS MG FIBG 85RIOS CARSGRIFNREPIMCESF ¢
RQAPBRCGRER\CARISREGES TINPDIY KBRFERSRDASO(
DKNIPogyQum G IRP EDTAGOSEAARY REEARNBRDES 9 ¢
e oepuapttcleesieitclee zleageleriescelefelsy
56 AR QL LEDRG GG VQPOHSLRL ST/ HE GRITERTIERS
I GIFROAYGROREFV ARV TVIIRE GRIN Y ADSVKERFF ISR
y DNSEPERYIL QWNGL RFED ey oY CAREREFVOTEIN PAE al
DW RN GG LIVONS S DAHRSEVY AHRRAKDCGHE NFRIADY
VB FAICHQ QUEC RERD VKL N EUTERAKTOVABESAENS|
ECDABLAITEPGDEL ativast RETHBENMMD CTWKGEHERN |
E8FLQAKDBMN AP a0 RREVIN MOEAE HENEETFLRRI Y
PECY £ AR RHFAY FeeeREK LIFEFAKR YRR FTETE QAKX DRAAL |
[ edL Pkl DFL.RBEEGKKSSAKQRI K CABLIGK F G ErRKEKAWT |
DAV ARY SQRFE KIAEEF AENMSKL VADLIRTHTESOHBDIAE 4
ADBRADL AKYSRE NRDS!S S KE COBKP ErEK S HEIAE T
I BRDE MPADLFS LAAND AVEBKD\E K IVARBAKDW FLGMELef
OeBYARRHPDYSWANLROAKTHEUTIOE KCOARABDPHEDYS
NRVFADERRPLYEBEPQNILAKQNCELEFFEQLBESRFQNAELY/- |
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If intended for use in humans, such albumin-binding immunoglobulin single

variable domain will preferably bind to human serum albumin and will preferably

be a humanized albumin-binding VHH domain.
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In still another preferred embodiment, the polypeptide of the invention comprises

a moiety which binds to serum albumin, wherein such moiety is an albumin
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be fornmulated in the formof a gel, cream spray, drop, patch or film
which, if placed on the skin, passes through the skin. Al so, conpared to
convent i onal20antrivedi es or anti body fragnments, one nmj oPCZERAManNtGe of the
use of the polypeptides of the invention is that they can also be easily
adm ni stered via routes other than parenteral adm nistration and can be
easily formulated for such adm nistration. For exanple, as described in the
| nternati n@ 8,5 d"@tds%s\é%gf?%/@%%ér atioRal @ Mpsl%ndé%g ngBy be
fornulate i ntranasa ntrap nonary and transder
adninistrHVO@GOSMBSA&@andNH@ZD@deﬁﬁﬁér enbodi nent of the |nvent|on t here
is provided a pharmaceutical conbination conprising at | east one
anti-A-beta pol ypeptide of the invention as disclosed herein and at |east
one ot her ABEFAREH &I KUSAkr éﬁ]b@@h@@htf aoLIRE leéPHﬂwgf%’éﬂf&fahBﬂ ofh :

chol i nesterase inhibitors such as 30donepezil, rivas m ne galantanlne
and tacri pelypentdie ahthegiomertian Guech raedifieaiion alse redudieg zsmrrmmegen@lta@ént S

puch 8 20503, GBI bl U R 2 B B P v

2011/ 1075%866’(35!%2[581 @53@1%1& mgﬁtﬁﬂ'rtﬁbﬁélﬁed aha.hlﬁdy(étwréhegglm) secretase
nodul at or s; iSgents t prevent or reduce A-beta plaque buildi rr%; A- bet a

aggr egat | 6RE @Tﬁ'ief%@%\/esﬁh@fﬁrﬁ%@b@ﬁ gﬁéhOWM@mW@gﬁz‘M@@) pomARkG@Yent i ng,

treatin I i

cogniti 8e§ un%c'lf]l aﬂE/ ggﬂ% Hﬁexgﬁ%@é{'%fcéi@?%%%ﬁé g%é%é@u?@ﬁ%%dehnt S
are: 1ELNDu86&in mmm MIbodNEMncBéﬁ)tﬂ)odi?B’tfag?nerﬁissorWMng Buifn&202ited to
CTS-21166,, Sena aces NE g 163, BNB—299897 E1_BI\/B—433£}46,_5’§ND-006, _
ELN—47551§°”E1 gsag Ng§ §i§e§€659%§%@? & €05 gxamp ﬁQS_ aPMBebol i n
(Latrepir 'I\%'tg%lotéﬁmo Féﬁ%@@%gﬂ%? Pd rHﬁé@é‘%h&ﬂarﬁQ%\P@d}ugrDéTﬁry

optionally additionally ‘conpris uent, exci pl ent vant and/ or
st abi | i zeRew\hén453wd561(2603) Hatistantc€bess, Nati RevpDagg.ddiscavo 20@2008d as

part of a eat n, they can be adm nistered via the sane
route of m%@%@# dgsgé/SZ%g%‘lfferent routes of adm nistration, at
essentially the same tine or at different 15times (e.g. essentially

si mul t aneously, consecutively, or according to an alternating reginme). Wen
t he subst ¥acieys seagentadorgPeSykationtad polypephties erealse eonIECiH o@)&ﬂ”@blﬁ a the

phar maceuldcat P AN e diulEy LR ST CE bR @, daga fisieh os

phar maceuthe 8Linboag e BAIS?énssr S¢-DS§ﬂé$ tN/IArSerJ%sSQ:A %ﬂés tam PIE Soriés,active
20subst ances orfé)rl nci E@es ar as_part of a conbined t r eat ment

e
regi men, &HehasOUNREgs M%ﬁ@@WorSLm’qr@BK%l'\/é%ZQQM%@%*#W&V&@M fn the
same ,anounp Ripd according to the same reginen as used when the conmpound or
pr|n0|ple I's used on its own, and such conbined use nay or may not lead to
a synerglstlc effect. However, when the conbined use of the two or nore

active su ncsor i s. leads to.a synergistic effect, .it ma
2l so be pheeRrIdy 3 eréaé)e ﬁ%ﬁmts B bPANGHLET 873 RIYSBINGFESIQhet ances
or princi ?é@e%fofr%xaﬁmpﬁg R?t% EBroteiy ﬁgeﬁ%éﬂrtgsagh*r@vwg (5663 dﬂeﬁéﬁed

t herapeutic action or exanpl ror avoirding, limting
or reduci ryampie, dowibrs mrposelePEG‘meyinetataacr@déoaassmelaeedsmeH)hathe use of
one or nore, of the substan

I (]: pr.inci I e when 5}@ used tl n their
usual® amp JAIEAINGRAEGULS I pIROTYRGPLA ' Cﬁéh% ”’r%BOQHQ e cAreryon
t her apeut iayehd Bfddifidd2 84 16 SQitaly ﬁ%oﬁB%Qirﬂe/ &5%6&909@&@ rtekjrdh@@ffor

enbodi rent of the invention is a nethod for treating the diseases and
di sor der s atgckienbeit Phooe 0e anconippiasichge R0 canepnisigy Poe 1 MOIei GHStRIAE

si mul t ane t f | east
one ant 1 - eatdes RERSREhGeN: 8 PERIE s Ea S AN, BRblot S RIAGs 8ot

sel ect ed bf aninkBerdyidrothat ©AdgeS twd or eicre Ghadtiomas emasts ofrmpblvyb@pﬁdéuf:h as
donepezil, rivastigm ne, galantam ne, and tacrine; NVDA antagoni sts such as
memard? i netheanyeption, all using techniques of protein engineering known per se to the

skilled person.
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| owering agents such as agents capable of inhibiting one or nore enzynes
involved in formation of A-beta, such as beta-secretase inhibitors,
gamuasecrwDasa/iomurbi t ors and gamma- secr et ase nodul at or PCTARRNS530b@t
prevent or 10reduce A-beta plaque building; A-beta aggregation inhibitors;
RACGE ant agoni sts; and ot her agents for preventing, treating or alleviating
neur odegener ati ve di seases and/or decline in cognitive function, including
t he speci t CQIgH RN @ppect  of
t he invenEr%fﬁ?é?g}ébﬁﬁb%?cﬁglé%%g&g@%%%%ﬁ?ﬁ’eg(l)::‘# (?ﬁseﬁlgen%\el\ﬁﬁ i%ﬁﬁlies pr epar ed
to be adnmweigitefetbrerthaomiDatsuch ad mbrethasr 1@1kDgsandsleds trean 20@ kDaeat nent
of the diseases and, di sgrdets set out abqve, such her dr bei ng

cel ected PHONABIE GGl ORI BT rsdrie Bibp et of 2 &0t diPRRRs such as
donepezil, rivastigm ne, gal antam ne, and tacrine; NVDA antagoni sts such as

20memantine; A-beta | owering agents such as agents capabl e of inhibiting
one os noMétheregaieso Pinylatian, itrstasldrae inotedthabgeeeegllysihennugntisat alseecr et ase

Lgonts. ¢ nanedABRsEEY baRRekie BL% BraRiu i Ras BT LG AR gD o
i Nhi bi t or sriorBAGRNBHCRUEOiISHSS, RERErabipes sadeatvay Biat BaRMRRGYRGoNtdi®ak i ng or

al l evi ati ng 25neurodegenerative di seases and/or decline in cognitive
functi on, (THBriE&sAY ”ﬁfhBali'ﬂj&:'inf\l%oidﬁhm%Sa@”ﬁép%ﬂtc'tdb@)élroﬂgééPB?@ to
still ano - ' [ r -t he,t tment of the
di seases méé?@@%?@f'gﬁgé‘?ﬁ&ﬁ%%@?wgg’gﬂggrfﬁggét?ﬁﬁ’%sg‘f)e%@ﬁ romthe
30gr aup cesséstidlipafiaict thehafinineof tieaseypagdtidel foo Asbeta ¢b.gaslode mepesduce
rivastigm ne, gal antam ne, ang Jacrine; NVD a@t a%ogi sts such §§ menmant i ne;
A-beta | onéld ”'é)gg)ﬁmo@d%”é AgT 515G PaBIeEalY NPRRY FAIG2R A8 B réshor e
enzynes i ' b - ; iHagt; LB tors,
y \A%léférﬁﬁrfeldo%%%@;pl P%%é%fi// S\ggfgég thSSEGe ST iDRALA 1E EXEAPHRE dbélB{Nl?,

ganmma- 201 secretase i nhibitors an
gamma- secraatas ¢4 haokes aotoaféect agymf she htiter plesived prapertiesi ot hefpdigpeptmlesque

bui | di ng; A-beta r tion_Lnhibitors; RA aggni sts;, and gt her agents
For  prevenl IgnopRast Seb BERboRS A BemndBgen arartv o Beatie“anas o
decl i;ne | Bpe&iaBally orendrigsédifchliyi Wil Belcear tdtheS§iditdd bérsByanpl es as Sset out
above) are prepared to be adm nistered in conbination with the A-beta

bi ndi ng pol ypeptide of the invention. According to a further aspect of

t he i nvent,i : A- i.ndi | i f, Lhe inyenfi i ed in
oo ne | AU B a- 0K B RSB b R cbReart el

pol ypept i gelypeptidle astre ipvehtigeinciutiee ey PE€ Moty 6f hedardevGaRwviregor ding to
still another enbodi ment of the invention, there is provided a nethod of

di agnosi n§'¥e@i3ewsight af 48kParork0 kBAdWHEEHN el PRGeMoistY &S pleehas WX tRct i on

and/ a J : k j : ) tal ning a
capl'b {1 SopEeplBHE ihRCrRigePaid Mecal. 3P Cys Fsiads 2t SR A 3

E_ol épept [ ]gasw_firékér@dpﬁvjel’e_tsi sbmvmsimlfSEQriéﬁNde@,\fcﬁ,pmﬁiﬂ)n e’ oﬂaKRZ?_T-h@kérEe

i ndi ng of sai ol ypepti t id sample, a conparing, the

bi ndi ng d@?@EQ%égiSh\ég’ﬂgB S(d%) '&/i'iﬁ:aaoétaé 8%'#'9? q%ﬁﬁ@e@%%é"i%gf peeidses in

bi nding r i i f G L he@rder or
condi {1 on e S g e P oS o B paas ik PLBRArEs sbRale
format i onSEAZ HIND1H. t o anot her enbodi nent of the invention, there is

provi ded a net hod of di agnosi ng a di sease, disorder or condition
medi &€ ed by A-beta dysfunction 25and/or anyloid plaque formation conprising

the steps peéferred exdm@Mes af polyBeptided® thefih@AtRdnS PE@AAteddteferably with
one of the PEG reagents as mentioned above, such as "Sunbright® ME-400MA"

as shown in the following chemical formula:
& %
CHD— O HaOHLD)—C HsgmHg*::;-HQNHa:;{c;HE}Q-N)\T;
¥
G
30
which has an average molecular weight of 40 kDa, are given in Table VI below:
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b) contacting the sanple with a pol ypeptide of the invention as defined

above;

c) determ ning the anount of A-beta in the sanple;

and

d)

conpar i ngwohietlianwownt determned in step (c¢) with a stana#arapP2ethesmon a

30di fference i n anpunt

relative to said sanple is diagnostic of a disease,

di sorder or condition characterised by A-beta dysfunction and/or anyloid

pl ague formation.
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conditions that allow expression of the pol ypeptide of the invention; and,
recovering or isolating the polypeptide expressed by the host cells from

t he cul t Wwe;20amid7507 optionally further purifying an#CorEPamdios3ppng
and/or fornul ating the pol ypepti de 200of the invention. A nucleic acid of
the invention can be genonmic DNA, cDNA or synthetic DNA (such as DNA with a
codon usage that has been speC|f|caIIy adapted for expreSS|on in the

i nt ended post c

A st—of | t he
i nvention the @ i @ ; ﬁ Wgﬁoﬁ 5ol at ed
form as fefi ne N '&Q lgloﬁ' / al so| be
in the fofm of, éf T @i@g f or
exanpl e alpl asm rJr y be | Rt i all y

isolated form The vect or may especi aIIy be an expreSS| on vector, i.e. a

vect or tht 0 for [ essi of th tid |tr and/ or
Rovivo ( BogSAhe LY iitindr i EEBRERL, P8 et Bantae Py ifian Ballib8ulon
systen). Su neé@taem@i wWhHESt slfov@ether |t/p'emi@eﬁbl@@§sﬂtteﬂ>|©@@tora1ﬁ¢>amw el c
acid of 011/107507PCT/ EP2011/ 053090 the invention that is operably
| i nked tolrbﬁérttﬁwaﬁnwdﬁm@wbﬁtét plivs Hteorre)sumnermtyrt@gtlde,emNt%tmvehg%t@r (s),
enhancer | C

r egul gt OE?O Séﬁ%@@aﬁ@qﬁbﬁg@?gvgse On%eosruc e @%ﬁt@%ﬁp ec'%g&(qs),

sel ect i onongJ kem(adglodbulhmaingts vér%ﬂedomeea@d{ a3 the bizonm targetiegantdodyand

the |ike, 5useful ecessar pr.es ol s of th

| vent | on TRSMENE COHSEHGA PR geskaasy it WesAPB dimotrompiesanenel
nucleic a V an be prepared or obtained in a nanner
known per%§%§?8®n%@?ab%ﬁ%@ﬁ%@égPDNA synt hesi s and/ or reconbi nant DNA

10t echnol ogy), based on the information on the amno acid sequences for the
pol ypepti des of t ent| i ven.herein nd/or an, be isplated froma
0 VR e Bbar be R Beacl dheliniENte shb et De ABSRTIRsY e @IBH TSt | on

rel ates tgeﬁehﬁﬁhﬂﬂﬂahost cell that 15 expresses or is capable of

expressing a pol ypeptide of the invention; and/or that contains a nucleic
acid encoding a pol ypeptide of the invention. According to a particularly

preferred 0s ells are bacterial cells, yeast cells,

f ungal ﬁ %ﬂi%ﬁ@f be J0sui tabl e bacterial cells include cells
from gr amswgatanwelsbm:z Géh@tb &t A8 bttty REMShbglobsiliekingss hariasibi a col i,
Prot eus, and Pseudononas, and grampositive bacterial strains such as

strai’fs otdOBI%tn 21 @@SC@W@B@WQW Singng (o didierery eridnres 8¢ fdkeiacseisch

Sui t abl e I db spor a,
and Asperfga;ll hgéjnh% %'e‘&%'ggst%i Iv%hglmr?c éelﬂgeal% Hﬂr]%%g%em e's\ll%w'&)
25Sacchar amddeﬁs ré¢dpmctieslgnpheé Saccharonyces cerevi si ae), Schizosaccharomnmyces
(for exa £| zosacch ronyces orrbe Pichia (for exanple Pichia

past ori s i 1RdGRe i gac athe HeNQUB Ul a. Suitabl e marmalian cells
i ncl ude forn&éé@%ﬁal e‘P;’éQeSA iShke 0 érﬁwne?ﬁ%lﬂ@ cff%\/% W%ﬁ?débmﬁ"d the

| i ke. However, anphi bi an I'Ts, "insect cel ant cell any ot her
cell so usednklngtISVDdrand BVRhearekprie Gnteuhlrtadaeed@fd)‘@‘vmﬁ) proteins can be

d | 1 WO 2011/ 107507 2011/ 053090 .E t dust |
el o or PO AL HE BB SEETRL o B Gragd & i ey S EhdomBiés: ' °
i munogl oBghimafi |§9;l qgmargtﬁh@e Qﬁkﬂfﬁtél|K§3|a)‘16€tmfafé?§l§ly@deﬁét‘e%%tﬂzldl% apeutics
Conta|n|ngthem|nc eStraInS 0 E. CO| P|C | a past0r|s an S.

cerevi si ae albamirmeea diggnestéherepf, |aendg@e§erabbf Faspare sefun altpmamrta on and
fragment thereof;

Ul

25 - an albumin binding moiety, and preferably an albumin binding immunoglobulin
single variable domain or an albumin binding peptide;
- a linker peptide, which is optionally PEGylated; and preferably B denotes a
linker peptide having from 3 to 45 amino acids, including at least one cysteine
residue which is PEGylated, preferably with a PEG40 or PEG60 moiety;
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S5fernmentation, and in particular for |large scal e (bio-)pharnmaceutical
expression, production and fernentation. The choice of the specific

expr essi omogysfwmoroul d depend in part on the requir emreRCTEPR01GHF3090 N
post-transl ational nodifications, nore specifically 10glycosylation. The
production of a pol ypeptide of the invention for which glycosylation is
desired or required woul d necessitate the use of nmammal i an expressi on hosts
t hat have_t | vox : (e Pl is
respect, i t&\% ?\f’:‘ﬂ%ﬁé é %%ra%%&ﬁﬁiﬁgéﬁﬁ’gge%ﬁ@g%ﬂ ao{?ﬁﬁag a@f'ﬁ:g?@ ation

patt er n obhaiunedlapulie vatiaklekdardainnidenécalsorcgb aderiticahtooiS s odBdD2t t ached)

wi || depend on the.gell r tgl5cel.l line tha]t i.s used. for the. expression.

Pol ypept | d¢s PEWPPRISE Rrele aY Sy Buepohdin silple ariablk dompin, KROIETENG be
produced e tHeepollpépirfeehlbBb rbinYodBieBerdsBingifop¥itRs0LucH s FaRi4Peid ptasm or
in inclusion bodies) and then isolated fromthe host cells and optionally

furt her 2dpaeridecit WE0Y0BLA4HNn be produced extracellularly (secreted into
the nmediumin which the host cells are cultured) and then isolated fromthe
culture nmedium and optionally further purified. Further nethods and
reagents gs@thetgin t he reconbi nant production of 25pol ypepti des, such as

sui tabl e expression vectors, transformation or transfection nethods,

sel ect i on IP¥PelSVD2eR REEL baVe HiriB1EAINDAS pPeYRPAdexpr essi on, cul t ure

condi ti ons, edi i t L 10 I i

i sol ation a’%g‘gg‘a{re:%f?'{c':}ﬁ% Brﬂﬁ{agcm@%g%%déﬂfa t}?&i Megrérrgéég%ég%?)wnrﬁé\lgféa%ct ure of
a polwypeptésidt off exphessior and iheteralogows lNosko@amisgm; drdfos & isigretiopyagien. 30
Production of the pol ge tides, of tgg i nvent.ion thr,ough fernment %ti on , n
conveni enfse%%wothﬁéﬁfr ﬁ‘gsstecfﬁt@é‘rﬁfé piide of theinvertien fregse nost cel

cost - ef f egty g&g}é?] [ i ' ' ' SO require
expensi veab%%gsﬁf%g%g%%%on 1 gg?@ggﬁ Hﬁ%ﬂkg‘%@wé@%ﬂ@tre

faciliti esxpfassidmesfitbe @olypepiide abbesuitablel loshicelbxpr essi on are hi gh and

yi el ds of the polypeptides of the invention are in the range of 1 to 10 g/1
(E. coli) and up to 10 g/1 (yeast) and nore. 5According to still another
aspect of of perdiyention, there are provided the i munogl obulin single
variable domains as listed in Table VII bel ow, which are useful for

bui | di ng UpViil, EoAd2 rAendiyhave hameanitiaes podygapdi des of the invention.

Tabi e i1 - (el 7y B g Lo R e Bt I S R |
(pr ef er abkacilitateshtbe fperificd@n obthe wyidptideus theinve@pbh dior ekamp)e usihg one or
nore ot her A-beta bhinding i munogl obulin single variable domain(s), wherein

such ot herflininineyliowes Aieapr goains saihieaLEsRAI0R(e3idue neHad) taganay di f f er ent
epi tgpe OBpﬁbfﬁﬁ% f/éghﬁvé/ﬂél lastbP SYLH Bg@g%tﬁa{sﬁ%ﬁ,pé.ﬁ. tﬁ%gﬁérﬂiéﬁl Bfii ng nol ecul es

accordi ng I'on, having i'ng”characteri stics, as set
out in deeakymetical deavagentd povitld ihelrhatuet sequéicelabthe pdlypephideefar thisndi ng
i mmunogl obul 1 n single variahl e domaj.ns ¢ one 1 C50 in TR-FRET melti ng
tem pera PHROSEnE @G gy QpHiaNa q%h'&‘éeds@dh?@f’ﬁpept'de sequence Q’M a

cleavable linker sequence or contain a cleavable motif. Some preferred, but non-
limiting examples of such residues are multiple histidine residues, glutathione
25 residues and a myc-tag such as AAAEQKLISEEDLNGAA (SEQ ID NO:46).

Therapeutic use

According to an important further aspect, the polypeptide of the invention is used
30 for therapeutic purposes, such as

- for the prevention, treatment and/or alleviation of a disorder, disease or

condition as set out below, especially in a human being, such as Alzheimer's

Disease (AD), dry AMD, or glaucoma;
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NO ABlip M 42 D4 4.40E-08 n.d. EVQLVESGGGELVLAGGSLRLSCVHSGPTFSTDTM
GWFRQAPGKEREFVAAVTWNSGRTNYADSVKGR FTVSRDNTRNAAYL QVSG-KDEDTAVYYCTAHRL
WGGTSVCDVBYWWGBQBTVTVSS 47 ABI 1 P MP 111B4 5. 1E- 09 n. dPCT/EP2011/053090
EVQLVESGGELVLAGGSLRLSCVHSGPTFWIDTM GWFRQAPGKEREFVAAVTWSSGRANYADSVKGR
FTVSRDNTRNAAYLQVSG_KDEDTAVYYCTAHRG VWGGWVVDWRYWCQGTQVTVSS 48 ABI I 111E 5c
1 8.80E-09 n.d. EVQLVESGGA.VLAGGSLRLSCVHSGPTFLTDTM

R S BN STy B T s
EVQL VESGGCGMpASIEGLARIrBIOISHSGRY, FUVIDE U GjeERQARGEREFAAAY DNEBGREAMAIZBYKGR
11172 3, ADEINBAROHNL By EecPRd WONELRITE SCYRYARRRsTA pharmaceutical © M
gf&%ﬁ%@ﬁ%ﬁ%ﬁg %Dl’ﬁﬁ%é@?b EIBWSRBMIRNMY GRS eIV o REANRH
5 invention, wherein such subject in need of such therapy may be a human being
suffering from any of the disorders, diseases or conditions as set out below, such
as AD, dry AMD, or glaucoma;
- for the preparation of a medicament for the prevention, treatment or alleviation
of disorders, diseases or conditions as set out below, such as AD, dry AMD, or
10 glaucoma in a human being;
- as an active ingredient in a pharmaceutical composition or medicament used

for the before-mentioned purposes.

The disorder, disease or condition (in the following: disease) as mentioned above

15 is a disease that can be prevented and/or treated and/or alleviated by
administering a polypeptide of the invention to the patient or (human) being, and,
more specifically, a disease mediated by A-beta dysfunction, such as a
dysfunction of A-beta production, deposition or lack of clearance, and/or a
disease mediated by amyloid plaque formation, formation of A-beta oligomers,

20 and the like. Even more specifically, the disease is a disease that can be
prevented and/or treated and/or alleviated by modulating, reducing and/or
reversing the (undesired) formation or build-up of A-beta and/or of amyloid
plaques and/or of A-beta oligomers in a patient, such diseases compring e.g.
neurodegenerative diseases, the most prominent A-beta related

25 neurodegenerative disease being AD.

Thus, the polypeptides of the invention can be used in a method for the
prevention, treatment or alleviation of diseases such as:
- Alzheimer’s disease (AD; all types and stages of the disease including

30 preclinical and prodromal stages); also known as "dementia of the Alzheimer
type";
- the dry form of age-related macular degeneration (dry AMD; central geographic

atrophy)
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AB lip MP 111E4 6. 10E-09 n.d. EVQLVESGGGLVLAGGSLRLSCVHSGPTFSTDTM
GIWFRQAPGKEREFVAAVTWASGRTNYADSVKGR FTVSRDNTRNAAYL QVBGLKDEDTAVYYCTAARLT
VGSL SVGDWRSAWEABTGITVSS 52 AB |ip MP 11104 8. 60E-09 n. d. PCT/EP2011/053090
EVQLVESGGGL VLAGGSLRLSCVHSGPTFLTDTM GWFRQAPGKEREFVAAVTWNSGRANYADSVKGR
FTVSRDNTRNAAYL QVBGLKDEDTAVYYCTAHRS VWGGVGWDVRYWSQGTQVTVSS 53 AB |ip MP
111B5 4. 40E-09 n.d. EVQLVESGGGLVLAGGSLRLSCVHSGPTFRTDTM

GAFRQAPCKE WNSGRNNYADSVKGR FTVSRDNTRNAAYL QVSGLKDEDTAVYYCTAHRL
WGGGGVRDV\W%\/TVSS 54 AB lip MP 111B9 1.90E-08 n.d.

EVQL VESGGELOAraBaE5E Ry ROV HBGRTRETDIBA SN RQAPGKEREFVAAVTWNSGRANYADSVKGR

T A e R RGNS o0 #8111

GWFRQAPGKE ' ithV; RFV
VGENWEDIR BT VR 6 AR | TTT8 ‘AN & QOE: 05 g e KOV

D);

- dementia with Lewy Bodies;

frontotemporal lobar degeneration;

glaucoma;

amyotrophic lateral sclerosis;

10

sporadic inclusion body myositis; and

anxiety disorder in an elderly human subject (e.g. of at least 55 years old),
selected from the group consisting of obsessive-compulsive disorder, panic
disorder, panic attack, agoraphobia, post-traumatic stress disorder, social phobia,
disruptive behaviour disorder and chronic fatigue syndrome (wherein said elderly

15 human subject may or may not be diagnosed with a condition related to A-beta,
selected from clinical or preclinical AD, chronic amyloid angiopathy and Down's
syndrome);
wherein such method comprises administering, to a subject in need thereof, a
pharmaceutically active amount of a polypeptide of the invention and/or of a

20 pharmaceutical composition comprising the same.

In the context of the present invention, the term "prevention, treatment and/or
alleviation" not only comprises preventing and/or treating and/or alleviating the
disease, but also generally comprises preventing the onset of the disease,

25 slowing or reversing the progress of disease, preventing or slowing the onset of
one or more symptoms associated with the disease, reducing and/or alleviating
one or more symptoms associated with the disease, reducing the severity and/or
the duration of the disease and/or of any symptoms associated therewith and/or
preventing a further increase in the severity of the disease and/or of any

30 symptoms associated therewith, preventing, reducing or reversing any
physiological damage caused by the disease, and generally any pharmacological
action that is beneficial to the patient being treated.
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EVQLVESGGE.VLAGGSLRLSCVHSGPTFWIDTM GWFRQAPGKEREFVAAVTWASCGRI NYADSVKGRF
TVSRDNTRNAAYL QVSGLKDEDTAVYYCTAHRFV  VGGNWEDWRYWEQGTQVTVSS 57 ABI | 111B
5N106T _ WO020H/0%0m. d. EVQLVESGGEGELVLAGGSLRLSCVHSGPTFRTDPRII/EP2011/053090
GWFRQAPGKEREFVAAVTWNSGRI NYADSVKGRF  TVSRDNTRNAAYL QVSGLKDEDTAVYYCTAHRFV
VGGTMEDWRYWGQGTQVTVSS 58 ABI |1 111B 5N106V _ 1. 00E-08 n.d.
EVQLVESGGELVLAGGSLRLSCVHSGPTFRTDTM GWFRQAPGKEREFVAAVTWNSGRI NYADSVKGRF

SF101W  PSBE B0 a FV VR A S OP R TE DRy Meovs of 18

GWERQAPCKERERVAANGVIESGRENSROSUK BBIHINgTSREMNERNAA QB R GIEETORALY BT AHRW/
VGEGNWEDWRYV VSS .60 ABIL111B 5 7E 4. 30E-09 n. d. )

V1 Ve SOOBE Ve RGOSR RS T U PRS- PIVAR (IR PHBE PR aRe
TVSRONTRNGX. B SR AONEEALRTV ¥ 2SS ik (OROhIAAB

5 MLO7R = ABI 2 2.90E-09 n.d.” EVQLVESGGE.VLAGGSLRLSCVHSGPTFRTDIM
GWFRQAPGKERBBV AAUTOINSERE NSV R el MVBRIENERASAKDOVEE $ORa ey YETOAMBRE

VGG\]RVEDV\@MH%T t%@ygesctgg té‘%lrég]r%gfg frgﬁ{ pr%%Ww ical40r7;())rléapogmal disease stages
to dementia. Genetic risk factors for AD include specific mutations in the APP
gene (in particular at positions 670 and 671 as well as position 717), in the
presenilin genes PS1 and PS2, and in ApoE4. Other risk factors include a family

10 history of AD, hypercholesterolemia, atherosclerosis, diabetes, and/or high age.
Disposition for AD can be diagnosed early by analysing A-beta(1-42) and tau
concentrations in CSF. Neuroimaging techniques (e.g. PET and MRI) may
identify patients at risk of converting to AD. In general, the use of several
biomarkers may allow to diagnose AD in a very early stage with a high sensitivity

15 and specificity.

In the case of a predisposition for Down's syndrome, hereditary cerebral

hemorrhage with amyloidosis of the Dutch type, and cerebral beta-amyloid

angiopathy, the polypeptides, compositions, and methods of the invention may
20 also be useful for preventing their potential consequences such as single and

recurrent lobar hemorrhages.

The subject to be treated will be a mammal, and more in particular a human
being. As will be clear to the skilled person, the subject to be treated will in
25 particular be a person suffering from, or at risk from, the diseases, disorders or

conditions mentioned herein.

It will also be clear to the skilled person that the above methods of treatment of a
disease include the preparation of a medicament for the treatment of said

30 disease. Furthermore, it is clear that the polypeptides of the invention can be
used as an active ingredient in a medicament or pharmaceutical composition
intended for the treatment of the above diseases. Thus, the invention also relates

to the use of a polypeptide of the invention in the preparation of a pharmaceutical
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n.d. EVQLVESGGGE.VLAGGSLRLSCVHSGPTFRTDTM GWFRQAPCKEREFVAAVTWASGRI NYADSVKGRF
TVSRDNTRNAAYL QVSGLKDEDTAVYYCTAHRFV  VGGNWVVDWRYWGQGTQVTVSS 63 ABI I 111B 5EI
09Q _ 3. Ma-200/m737 EVQLVESGGEGELVLAGGSLRLSCVHSGPTFRTDTM PCT/EP2011/053090
GWFRQAPGKEREFVAAVTWNSGRI NYADSVKGRF  TVSRDNTRNAAYL QVSGLKDEDTAVYYCTAHRFV
VCGENWQ@DWRYWGQGTQVTVSS 64 ABI 1003 2. 10E-09 51.1
EVQLLESGGAE.VLPGGSLRLSCVHSGPTFRTDTM 65 - 74 -

WOSRVEDIRECL PV TVEE PRG54 5 - gTRE et Sramy GHine=T A

EVQLL ESGGGISé@@&BSILI ShrEEvs-HSCET WWMMWWM@EW@@WW

FTVSRDNT DEDTAVYYCTAHRF \{V R\(1 LVTVSS t66 ABI 1 05
rela es apoypeptldeo he invention Tor therapeuticor prophylactic use an

specifically, for the prevention, treatment and/or alleviation of any of the diseases,
5 disorders or conditions mentioned hereinabove. The invention further relates to a

pharmaceutical composition for the prevention, treatment and/or alleviation of the

diseases, disorders or conditions mentioned hereinabove, wherein such

composition comprises at least one polypeptide of the invention.

10 Without wishing to be bound by a specific theory, the above therapeutic or
prophylactic effect may be effected by the following mechanism: The
polypeptides of the invention bind to A-beta, thereby inhibiting its interaction with
one or more other A-beta molecules or the interaction of A-beta with a receptor or
the interaction of A-beta with a soluble biomolecule or the interaction of A-beta

15 with an insoluble biomolecule. The target A-beta may be a part of a plaque or
suspension or solution, or one or more of these, wherein the other A-beta
molecules may also be a part of a plaque, in suspension or solution or one or
more of these. Clearance of different A-beta forms, such as the monomeric form,
oligo- and multimeric forms, aggregated soluble and insoluble forms, fibrillar

20 forms, proto-fibrillar forms and amyloid plaques from the brain, blood vessels or
other parts in the body may be due to the binding of the polypeptide of the
invention to A-beta. Reduction of A-beta levels in a body fluid, and preferably the
reduction of the level of soluble A-beta in blood by inhibition of the interaction
between an A-beta molecule and another molecule, such as e.g. another A-beta

25 molecule, will alleviate the symptoms of degenerative neural diseases, slow down
or stop the disease progression and/or restore brain damage, memory and

cognition.

According to a further, more general aspect, the invention relates to a method for
30 immunotherapy, and in particular for passive immunotherapy, which method

comprises administering, to a subject suffering from or at risk of the diseases as

mentioned herein, a pharmaceutically active amount of a polypeptide of the

invention and/or of a pharmaceutical composition comprising the same.
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comprising the same.

The polypeptides of the invention and/or the compositions comprising the same
10 can be administered to a patient in need thereof in any suitable manner,
depending on the specific pharmaceutical formulation or composition to be used.
Thus, the polypeptides of the invention and/or the compositions comprising the
same can for example be administered intravenously, subcutaneously,
intramuscularly, intraperitoneally, transdermally, orally, sublingually (e.g. in the
15 form of a sublingual tablet, spray or drop placed under the tongue and adsorbed
through the mucus membranes into the capillary network under the tongue),
(intra-)nasally (e.g. in the form of a nasal spray and/or as an aerosol), topically,
by means of a suppository, by inhalation, intravitreally (esp. for the treatment of
dry AMD or glaucoma), or any other suitable manner in an effective amount or
20 dose.

The polypeptides of the invention and/or the compositions comprising the same
are administered according to a regimen of treatment that is suitable for
preventing, treating and/or alleviating the disease, disorder or condition to be

25 prevented, treated or alleviated. The clinician will generally be able to determine a
suitable treatment regimen, depending on factors such as the disease, disorder
or condition to be prevented, treated or alleviated, the severity of the disease, the
severity of the symptoms thereof, the specific polypeptide of the invention to be
used, the specific route of administration and pharmaceutical formulation or

30 composition to be used, the age, gender, weight, diet, general condition of the
patient, and similar factors well known to the clinician. Generally, the treatment
regimen will comprise the administration of one or more polypeptides of the
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EVQL L ESCCahHIaP GRSy SEAHE EHE ERIDAMOGHNERIRIIGREF VAAVTWNSGRI NYADSVKGR
FTVSRDNTRNAAYL QVBGL RDEDTAVYYCTAHRF  VWGGNRVEDWRYWGQGTLVTVSS 76 ABI 1015
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O /A0 IR O RIS v
EVQL L ESGCOisar ¢epssik SOdHRERTRRMIME@d herein and depending on the specific

disease, disorder or condition to be treated, the potency of the specific
polypeptide of the invention to be used, the specific route of administration and
the specific pharmaceutical formulation or composition used, the polypeptides of
the invention will generally be administered in an amount between 0.005 and 20.0

10 mg per kilogram of body weight and dose, preferably between 0.05 and 10.0
mg/kg/dose, and more preferably between 0.5 and 10 mg/kg/dose, either
continuously (e.g. by infusion) or as single doses (such as e.g. daily, weekly, or
monthly doses; cf. below), but can significantly vary, especially, depending on the
before-mentioned parameters.

15
For prophylactic applications, compositions containing the polypeptides of the
invention may also be administered in similar or slightly lower dosages. The
dosage can also be adjusted by the individual physician in the event of any
complication.

20
Depending on the specific polypeptide of the invention and its specific
pharmacokinetic and other properties, it may be administered daily, every
second, third, fourth, fifth or sixth day, weekly, monthly, and the like. An
administration regimen could include long-term, weekly treatment. By "long-term"

25 is meant at least two weeks and preferably months, or years of duration.

The efficacy of the polypeptides of the invention, and of compositions comprising
the same, can be tested using any suitable in vitro assay, cell-based assay, in
vivo assay and/or animal model known per se, or any combination thereof,

30 depending on the specific disease involved. Suitable assays and animal models
will be clear to the skilled person, and for example include the assays and animal
models used in the Examples below. Thus, suitable assays are, but are not
limited to, ELISA binding assays measuring the binding of the anti-A-beta
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FTVSRDNTRNAAYL QVSGLKPEDTAVYYCTAHRF VWGGNRVEDWRYWGQGTLVTVSS  AB 11017
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EVQLLESGGELVQPGGSLRLSCVHSGPTFRTDTM GWFRQAPGKGREFVAAVTWNSGRI NYADSVKGR
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10

15

20

25

30

m\é\l/ng 0 Ic?(ya?e/ ?nosnlorr'?‘lesrllcl: 8’2 aggregated A-beta peptides or to captured

biotinylated A-beta (Malmqvist M.: Surface plasmon resonance for detection and
measurement of antibody-antigen affinity and kinetics; Curr. Opin. Immunol.
5(2):282 (1993)), competition TR-FRET (Time Resolved Fluorescence
Resonance Energy Transfer) assays measuring the competition with either an A-
beta(1-40) peptide / N-terminal region specific binder interaction or with an A-
beta(1-40) / central region specific binder interaction, in vitro A-beta aggregation
assays measuring the prevention or disaggregation of the aggregation, TAPIR
(Tissue Amyloid Plaque Immunoreactivity) assays measuring the binding of
molecules to amyloid plaques using immunohistochemical analysis on brains
from Alzheimer’s disease patients or APP transgenic animals, as well as in vivo

mechanistic models.

Preferably, the polypeptides of the invention are having better characteristics than
conventional antibodies known in the art (such as m266 and 3D6 anti-A-beta IgG
antibodies) or the Nanobodies® described in W0O2006/40153 in at least one of
these assays or models, and preferably in one or more of the in vivo models.

For pharmaceutical use, the polypeptides of the invention may be formulated as a
pharmaceutical preparation comprising (i) at least one polypeptide of the
invention and (ii) at least one pharmaceutically acceptable carrier, diluent,
excipient, adjuvant, and/or stabilizer, and (iii) optionally one or more further
pharmaceutically active polypeptides and/or compounds. By "pharmaceutically
acceptable" is meant that the respective material does not show any biological or
otherwise undesirable effects when administered to an individual and does not
interact in a deleterious manner with any of the other components of the
pharmaceutical composition (such as e.g. the pharmaceutically active ingredient)
in which it is contained. Specific examples can be found in standard handbooks,
such as e.g. Remington's Pharmaceutical Sciences, 18" Ed., Mack Publishing
Company, USA (1990). For example, the polypeptides of the invention may be

formulated and administered in any manner known per se for conventional
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GAF ROAPGRGREFRAGMTIOISER BY RIgeVERR gﬁﬁhﬁ%ﬁl@%@‘éb@&%b@@ﬁw Gt IRFY
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FTI SRDNSKI;\)IEXI‘Yr}T %%’Cgﬁgng?‘m%gﬁge\/s VGENRVEDWRYWGQGTLVTVSS 87

By means of non-limiting examples, such a formulation may be in a form suitable
for oral administration, for parenteral administration (such as by intravenous,

10 intramuscular, subcutaneous, intrathecal, intracavernosal or intraperitoneal
injection or intravenous infusion), for topical administration, for sublingual
administration, for administration by inhalation, by a skin patch, by an implant, by
a suppository, for transdermal, nasal, intravitreal, rectal or vaginal administration,
and the like. Such suitable administration forms - which may be solid, semi-solid

15 or liquid, depending on the manner of administration - as well as methods and
carriers for use in the preparation thereof, will be clear to the skilled person.

Pharmaceutical preparations for parenteral administration, such as intravenous,
intramuscular, subcutaneous injection or intravenous infusion may for example be
20 sterile solutions, suspensions, dispersions, emulsions, or powders which
comprise the active ingredient and which are suitable, optionally after a further
dissolution or dilution step, for infusion or injection. Suitable carriers or diluents
for such preparations for example include, without limitation, sterile water and
pharmaceutically acceptable aqueous buffers and solutions such as physiological
25 phosphate-buffered saline, Ringer's solutions, dextrose solution, and Hank's
solution; water oils; glycerol; ethanol; glycols such as propylene glycol, as well as
mineral oils, animal oils and vegetable oils, for example peanut oil, soybean oll,

as well as suitable mixtures thereof.

30 Solutions of the active compound or its salts may also contain a preservative to
prevent the growth of microorganisms, such as antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal
(thiomersal), and the like. In many cases, it will be preferable to include isotonic
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1. 10E-08 73.8 EVQLLESGEGELVQPGGSLRLSCVHSGPTFRTDTM

GWFRQAPGK ; A

VG VDALV B 08 R 11085 8" SORpbe Fa . Fe proper i
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FTI SRDNSK eLP(eLq ire g parF[Pe size |CAﬁe case odelsperszgns or by the use of surfactants.
Other agents delaying absorption, for example, aluminum monostearate and

5 gelatin, may also be added.

In all cases, the ultimate dosage form must be sterile, fluid and stable under the
conditions of manufacture and storage. Sterile injectable solutions are prepared
by incorporating the active compound in the required amount in the appropriate
10 solvent with various of the other ingredients enumerated above, as required,
followed by filter sterilization. In the case of sterile powders for the preparation of
sterile injectable solutions, the preferred methods of preparation are vacuum
drying and the freeze drying techniques, which yield a powder of the active
ingredient plus any additional desired ingredient present in the previously sterile-

15 filtered solutions.

Usually, aqueous solutions or suspensions will be preferred. Generally, suitable
formulations for therapeutic proteins such as the polypeptides of the invention are
buffered protein solutions, such as solutions including the protein in a suitable

20 concentration (such as from 0.001 to 400 mg/ml, preferably from 0.005 to 200
mg/ml, more preferably 0.01 to 200 mg/ml, more preferably 1.0 - 100 mg/ml, such
as 1.0 mg/ml (i.v. administration) or 100 mg/ml (s.c. administration) and an

aqueous buffer such as:

phosphate buffered saline, pH 7.4,
other phosphate buffers, pH 6.2 to 8.2,
histidine buffers, pH 5.510 7.0,
succinate buffers, pH 3.2 to 6.6, and
citrate buffers, pH 2.1 t0 6.2,

and, optionally, salts (e.g. NaCl) and/or sugars or polyalcohols (such as

25

30 trehalose, mannitol, or glycerol) for providing isotonicity of the solution.

Preferred buffered protein solutions are solutions including about 0.05 mg/ml of

the polypeptide of the invention dissolved in 25 mM phosphate buffer, pH 6.5,
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VGENRVEDWRYWGQGTLVTVSS 93 AB 11032 4. 90E-09 68. 3
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5 mg/ml or even above 100 mg/ml. However, it will be clear to the person skilled in
the art that the ingredients and the amounts thereof as given above do only
represent one, preferred option. Alternatives and variations thereof will be
immediately apparent to the skilled person, or can easily be conceived starting
from the above disclosure.

10
The polypeptides of the invention may also be administered using suitable depot,
slow-release or sustained-release formulations, e.g. suitable for injection, using
controlled-release devices for implantation under the skin, and/or using a dosing
pump or other devices known per se for the administration of pharmaceutically

15 active substances or principles. In addition, the polypeptides of the invention may
be formulated in the form of a gel, cream, spray, drop, patch or film which, if

placed on the skin, passes through the skin.

Also, compared to conventional antibodies or antibody fragments, one major

20 advantage of the use of the polypeptides of the invention is that they can also be
easily administered via routes other than parenteral administration and can be
easily formulated for such administration. For example, as described in the
international application W0O2004/041867, such polypeptides may be formulated

for oral, intranasal, intrapulmonary and transdermal administration.

25
According to another embodiment of the invention there is provided a

pharmaceutical combination comprising at least one anti-A-beta polypeptide of
the invention as disclosed herein and at least one other therapeutic agent
selected from the group consisting of : cholinesterase inhibitors such as

30 donepezil, rivastigmine, galantamine, and tacrine; NMDA antagonists such as
memantine; A-beta lowering agents such as agents capable of inhibiting one or

more enzymes involved in formation of A-beta, such as beta-secretase inhibitors,
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NVRRSYDSWGEQGT SS 101 ABI1052 1.90E-08 66.1 _
EVQL L ESGGeX QP ESRFRLSTABSRNERPENMCEYERGAREK CRERTDAOS RS esMTaDHNRIER

FT1 SRONSKENYS LRSS BaKdn EXO26Y 46 DME8> S2rYaaelst Bvs- 708163,
BMS-299897, BMS-433796, ELND-006, ELN-475516, ELN-318463, ELN-
475513,Begacestat, E-2012, CHF-5074, Dimebolin (Latrepiridin), and PF-

4494700. Such pharmaceutical combination may optionally additionally comprise

10 a diluent, excipient, adjuvant and/or stabilizer.

When two or more substances or principles are to be used as part of a combined
treatment regimen, they can be administered via the same route of administration
or via different routes of administration, at essentially the same time or at different
15 times (e.g. essentially simultaneously, consecutively, or according to an
alternating regime). When the substances or principles are to be administered
simultaneously via the same route of administration, they may be administered as
different pharmaceutical formulations or compositions or part of a combined
pharmaceutical formulation or composition. Also, when two or more active
20 substances or principles are to be used as part of a combined treatment regimen,
each of the substances or principles may be administered in the same amount
and according to the same regimen as used when the compound or principle is
used on its own, and such combined use may or may not lead to a synergistic
effect. However, when the combined use of the two or more active substances or
25 principles leads to a synergistic effect, it may also be possible to reduce the
amount of one, more or all of the substances or principles to be administered,
while still achieving the desired therapeutic action. This may for example be
useful for avoiding, limiting or reducing any unwanted side-effects that are
associated with the use of one or more of the substances or principles when they
30 are used in their usual amounts, while still obtaining the desired pharmaceutical
or therapeutic effect.
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anti-A-beta polypeptide of the invention and at least one agent selected from the

5 group consisting of: cholinesterase inhibitors such as donepezil, rivastigmine,
galantamine, and tacrine; NMDA antagonists such as memantine; A-beta
lowering agents such as agents capable of inhibiting one or more enzymes
involved in formation of A-beta, such as beta-secretase inhibitors, gamma-
secretase inhibitors and gamma-secretase modulators; agents that prevent or

10 reduce A-beta plaque building; A-beta aggregation inhibitors; RAGE antagonists;
and other agents for preventing, treating or alleviating neurodegenerative
diseases and/or decline in cognitive function, including the specific examples as

set out above.

15 According to a further aspect of the invention, the A-beta binding polypeptide of
the invention is prepared to be administered in combination with other drugs used
for the treatment of the diseases and disorders set out above, such other drugs
being selected from the group consisting of: cholinesterase inhibitors such as
donepezil, rivastigmine, galantamine, and tacrine; NMDA antagonists such as

20 memantine; A-beta lowering agents such as agents capable of inhibiting one or
more enzymes involved in formation of A-beta, such as beta-secretase inhibitors,
gamma-secretase inhibitors and gamma-secretase modulators; agents that
prevent or reduce A-beta plaque building; A-beta aggregation inhibitors; RAGE
antagonists; and other agents for preventing, treating or alleviating

25 neurodegenerative diseases and/or decline in cognitive function, including the

specific examples as set out above.

According to still another aspect of the invention, drugs used for the treatment of
the diseases and disorders set out above, such drugs being selected from the

30 group consisting of: cholinesterase inhibitors such as donepezil, rivastigmine,
galantamine, and tacrine; NMDA antagonists such as memantine; A-beta
lowering agents such as agents capable of inhibiting one or more enzymes

involved in formation of A-beta, such as beta-secretase inhibitors, gamma-
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A-bet a peptide . ared via trifluoroacetic acid (TFA;

Sigm)/ 1, %'r@j@ ég@b%@@? Bﬁ%%'ﬁ"gﬁtt?& opanol (HFIP; Fluka) treatment. The

| yophilized A-beta peptide is di ssolved in its original vial in 100% TFA to
a final concentration of 1 . The solution is then evaporated in a

speedvac ACCPWHE icéﬁﬁ‘érlﬂéﬁrbﬁs@ecb@f &e inverfiogn hefrbelabiding Relyeeapes &f i on
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HFI P and agal n eva peedva
10 the polypeptlde such as a syrlnge |njector pen, or other device.

According to still another embodiment of the invention, there is provided a
method of diagnosing a disease, disorder or condition mediated by A-beta
dysfunction and/or amyloid plaque formation comprising the steps of:

15 a) obtaining a sample from a subject, and
b) contacting, in vitro, the sample with a polypeptide of the invention as defined
above, and
c) detecting the binding of said polypeptide to said sample, and
d) comparing the binding detected in step (c) with a standard, wherein a

20 difference in binding relative to said sample is diagnostic of a disease, disorder or

condition characterised by A-beta dysfunction and/or amyloid plaque formation.

According to another embodiment of the invention, there is provided a method of
diagnosing a disease, disorder or condition mediated by A-beta dysfunction
25 and/or amyloid plaque formation comprising the steps of:
a) obtaining a sample from a subject, and
b) contacting the sample with a polypeptide of the invention as defined above;
c¢) determining the amount of A-beta in the sample; and
d) comparing the amount determined in step (c) with a standard, wherein a
30 difference in amount relative to said sample is diagnostic of a disease, disorder or
condition characterised by A-beta dysfunction and/or amyloid plaque formation.
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15f ol | owed by anot her HFIP solubilization after which the solution is
divided into WD 2011/107507PCT/ EP2011/ 053090 al i quots of appropriate

vol unes. Wbeodliogwot s are evaporated in a speedvac at r @CWEPIpAsSHPUre and
the pellets are stored at -80C. Imredi ately before use, the TFA HFI P
treated A-beta peptide aliquot is dissolved in 100% DVSO vi a repeated up
and down pipetting. The A-beta peptide solution is centrifuged at 514000r pm
for 10 m r ' : ; tant is used in
the di f1enBonae Py R A TR s EBioe S B BG B T e th
aggr egat edersiresEinglehtid (@SF|j.BAE stepdfaetegtimgroicding lodagp@wpeptdiesof(tBAO) by

0L 2L IR IR AL i L SRS SRRl

A-bet a(1- 4f) géﬁ'&aﬁihﬁfoﬁielnégkuﬂg@mé’%‘im\ﬁﬂbﬁ lbf 8T @risIERBERFL&SERNt I al |y as
described by Schenk et al., 199 Nat ure 400: 173- 177. BAO are prepared

essenti al pplypeptiee endifebietsy Acsgutingto differ¢t@pd)qdisentmokthEomet®sl, 489. The

1 i, wn PP B A SahoBRY dvlebBreniz2hBd of bud RRRHARM 5 opg
per || amaonld aumssrald4naniil béSokd\eed BY detdition ofisuahidoegiieseFapatied BAA. I n
total, nine BAA antigen doses are injected as an enul sion using Freund's

Conpl et e RH[RAREn{t Y Pe sl & furier repditt hewralyreniiderd|the invegtioRmeitgen
I Qi | S 0f ' . .
vacai nat el SHTRAE ot ISERph A FOup R is bhBEBR G speiy o e 1O 21

inj eczgI ed, sach aB tmrblcsige(lstrept)agdﬁr@iudiﬂm‘gqoanoﬁuo?te:afdnfctiosal grohpmaygbe an;:l
Freund's Inc .ete Adjuvant or_Stinune (a ol | owi ng anti gen boosts) in
e erval s UBFS RaiiThila GOIYBSRAFROT the AR SN doAneher Gl dop WAHIOR ot
peptide f - f i i BSA, s 181
brd 166) SRR combbuRThAOE b0 MR BT TRl e SR TRR T (hoRE™ o
and 187) . faronaticarfithe bindig pairoiner exaampaldnra mositpepdde iof tHatindaptiomteaywae s,

B
| nj eqt i onghrrietooh ared (oG elierefiene Fohexsipl, sath eahjgamai zat i on

i
schene a pre-inmmune serum sanpl e and at regular 30tinme points during the
i muni zat Pelyperpde phig inwentiorpmayibeused s auaPed@hIfesexarepledniBect ed to

ani et s, OpRrB5IEhIBERhRE B3R Te IR BrodEiRE B8R RGBT e
speci fic geidiot strestavidira ELI SA, 2 pg/m A-beta(l- 40), biotinylated at the
C-term nus (Anaspec), is imuobilised for two hours at roomtenperature on a

Neut ravi di n-coated (0.2-0.5 pg per well) 96-well Maxisorp plate (Nunc).
Vell s, ar ehlbogigd d%g?rﬁbs‘%ic‘?ﬁét%ﬂsg%%éd’ﬂe ULy by Hﬁ@ﬁ?torir?é e eﬁ%‘if\/&h?& oof a
di lutron series of pre-1mune and | mune serum sanpl es,” specifically bound
| I ama i mmohadhetapeutis treaemeletefct subjesti ng a goat anti-I1ama horseradi sh
per oxi dase conjugate (Bethyl Lab. Inc.), allowing to detect the hunoral

response nedi ated by both the conventional and heavy-chain only anti bodi es.

I certai AeaRdg (SatORBEEMbbY g HAnk RRHEA! Rt Lo@Rlddd Ritsgtec fical |y

t he heavy-chain “10anti body medi at ed response via detection wth nouse mAbs
speci f i cadiagnosinggidiseage dieotues vy condition omdiateldarpAtapt2 dyaitincti@s, and

ol | dhed BIPECRELATYIdR Pladigetmeben 2Bfc ot 57 g3 & Matfekes SeEMBtvel oped

usi ng TMBabBiOR &M kitorhPésing at least one polypeptide of the invention and,
optionally, one or more media, detection means and/or in vitro or in vivo imaging
agents, and, further optionally, instructions of use. Suitable in vivo imaging
agents include 99mTc, 111Indium, 123lodine, and, for magnetic resonance

30 imaging, paramagnetic compounds. The combination of SPECT, PET or MRI with

labeled anti-A-beta polypeptides of the invention will allow 'A-beta brain scans'
and individual risk assessment for each patient.
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chronogeni ¢ substrate and absorbance is neasured at 450nm For all four

15i nmunogen formats (BAA, BAO, A-beta(l-16)-BSA and A-beta(1l-30)-BSA) both
convent i onal20a@7iveavy- chai n anti body nedi ated i mune r esp@mrs@s/ospeci fic to
(biotinylated) nononeric A-beta(1l-40) are detected. Serum sanples that are
positive agai nst nononeric A-beta(1l-40) are al so positive when tested

agai nst BAA directly coated onto a Maxi sorp plate, suggesting the presence

of at |ea | &t ' j d BAA
or epar at | HGSo R0 B GREDBABRIMARTE theirR B TR A SR AT e
(VHHs) f r polyipeptides etithiel iaverstic?bcarobe ugedfastmleesleam!ytoohmrﬂheBbgClaot i body
fragnment repertoir the fi i njection, immune
t eoues. abeferuo8 sl flinay o3 HENBRaBPYSS BrSriacPTy Hale MoBab et AATAant | bodi s
are col | e%bééeéré’rﬁﬂ fdmestmla' FRBy5 rdRg ol ¥@¢W§éﬂe\&tlorﬁ Whhid Baythe bl ood
sanples, are collected 4 and 8 days after the last antigen iI'njection and
one | yrrphpatiwla:rlydpﬁejul footasts aed agsays/makingeusa danienal madeisen i nj ecti on
are 30col |l ected per aninmal. Fromthe bl ood sanples, peripheral bl ood
nononucl ear cells (PBMCs) are prepared using Ficoll-Hypaque according to
the manuf Faeunesnton ORhELEIIVIIES 4 NTEORTARING S96aSBIRSA-bdts Mdite PBMCs and
the | ynph node bhi ops total RNA is extracted, which are used as starting
mat eri al PQWDGWQ91&7%0?6@@(:&'7“5%1@%309@9 RTOMECR otlereampanenthe VHH
encodi ng 104 Fagr, each
I muni Zed%ﬂé&@?ﬁéﬁ%%gﬁé@é ?gﬁ%:%tr'l 8% h%?ﬂg{g% LX%?OO]%? tﬁ%ﬁggot a &t ‘%{[&g. sol at ed
fromsal | digeages eddidnsmdergzh@dewihm‘d atistaite andmlvncebrasediwdnbedmove.
PCR-anmplified VHH repertoire is cloned via specific restriction sites into
a bvector designed to facilitate phage display of the VHH |ibrary. The
vector is r r ,Uﬁ;bwd i ; ML3 phage
gill prot gﬁ% Igoﬁqr?g] @g}dge ce, %Wﬁgﬁ@%?ﬂ@%@%@tub@ﬁ%ﬁA% ?fndlrﬁqr
car beni ci pblypeptiderof thepheertimnisugh snethods geaetraliyraothmisiig el Bepeatier
sequence (pA)ﬁ?SOrz. Ir} fr”arre with the VlHH cog g él ence t he vector
encodes f or C4EMGROSLERIS COmprisinga QHE'eIC 9¢ie IGPERRISG A FNBANGA ar e pr epar ed
accordi ng pr/péEﬁdﬂ'@@f thePh0EAESH therbifafter "ﬁu@éfédetﬁcﬂ bethel ihléftior®) Bhaéd zati on
at 4C for further use. Selection of A-beta specific VHHs via phage display:
VHH r eper condigensBatiatiew expsession of theneelyeerfids ofribe irkensieagandi br ary are

used in diff I e

sel ect i on-cOr A" L heshd AhdleE e REE B ot Fobt i,

(A-beta( lcd®reCangr N-terminally biotinyl ated, Abeta(1- 16) Cterm naI |y

bi oti nyl at ed, A—beta130 N-term nal ly bioti nyl ated an

gl ut at hi oneOBt'@'F%lefﬂgh%EuermarfCUQV @ﬁglfwn@rar@iordomlapmgm palgpepiid®et a( 1-
10) - GpT of E@‘tl)'l (1-42)), 20ii) the A-beta peptide aggregation status
(mononeri ¢ eta, BAO or BAA), 1iii) the antigen presentation nethod
(solid phase directly coated or via a biotin-tag onto Neutravidin-coated

et r avi d A DGR Bf Hedayeion g heogrprieANdo (LA PaeveaRp oY) "
di 1 er ent (]t 4 ODNPERIAUSCAIdVRSgh Pt B beoRebeeibaNads Aol Formed as

foll ows: antigen preparations ution ‘phase selection
formats aeapnasemnnétjea@ted@@d:hostetcellanrdwcstargam*smo pAeeocdingdntonat i ons. After

2h i ncubat.i vmth t ar i s fol xtenswe shi ng,
bound® phagabRclinen el iat ton, Bis i dSi a8 T iR T BSse iz, | n
case trypydiated e hd Qsfirdtplsedbdléon, the protease activity is

i rmedi ately neutralized applying 0.8mM protease inhibitor ABSF. As control,

selections w o antigen are perforned in parallel. Phage outputs that show
enr chmantl-hg fdcleic acid of the invention may also be in the form of, be present in and/or

be part of a vector, such as for example a plasmid, cosmid or YAC, which again
30 may be in essentially isolated form. The vector may especially be an expression

vector, i.e. a vector that can provide for expression of the polypeptide in vitro

and/or in vivo (e.g. in a suitable host cell, host organism and/or expression

system). Such expression vector generally comprises at least one nucleic acid of
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WO 2011/ 107507PCT/ EP2011/ 053090 background (non-antigen control) are used
to infect E .coli. Infected E. coli cells are either used to prepare phage
for the rwetosgloewmri on round (phage rescue) or are pl at edTar2@gAs30pd at es
(LB + Amp + 2% gl ucose) for analysis of individual VHH clones. In order to
screen a selection output for specific binders, single colonies 5are picked
fromthe agar plates and grown in 1-m 96-deep-well plates. The placZ

control | eg, i bSiohsHiest i R 1 i in
absence o&eg{ﬁygﬁﬁ(gﬁ ﬂ@#?g?é‘?gygl ext rgg%hs i ntla %%F%B%Q%#Ul%f%gséﬁﬁ%m@’e
prepar ed aoclediprgmbterét)aedzatens) hiedsinal@$e), aaditing liké. Predifd examplesxt r act s

f bi ndi tq A-beta: 2 /m  A-bet - 40 hiotiovlated at. t o :
(Anaspec) O s st By PPl ahg STASAIorEbis, ShRperav GoEAlsn fgelbre), o
Neut r avi digBreefaHh %errA@y, QighaP8r %@Ie%ébae&%()wfegépé\@eg B%;?fe?s phatiend Nkec) -

Well's are blocked wth a casein solution (1 in A?ftelr addi t'i on of
t ypi cal | yuaefuhof oecessiaryfar@xpogssing ppypeplidcenoicthexnverdion, aka#isbioseating i s

detected 1l5usin S [ anti - nouse- HRP conj ugat e ( DAKO) .
Clones th tg'&@'gﬂl@;&\yﬁﬁﬁﬁqﬁ}’mlly two-fol d above background are
retained for sequence analysis. VHHs that are able to bind (biotinylated)

nmononeri c_A- beta(l-40) can be allocated to 16 different B-cell |ineages.

C ones delhgeWdeiearideof dhginvienden caniberigearatheeokiaieghng SeANear CDR3
sequence r ik ogn - { Jable VIII
sunmmar i zegH @p?éltsgg?, A)rt\) ygéal%f%grggkéear ?%%fmt@%%%ﬁd g&ﬁggﬁg@%ﬁ?g\@ti on of a

r epr esent &dhnelodgy mdsetioor thef infdrenationBretblel arhinoesgie seqligncestibetHeX, the

am no acid sequences,of the VHHs listed in Table VIII are shown. 25Table
VIll: Sel BQfMngt'%%sra et 91¥%@I?1f36$'”tmd/966@ﬁ Peiigatedrem aﬁ%@%le

speci fic MBhiBr&&irke] i neages VHH ID Library Selection format (inmobilized
or captured A-beta peptide concentration) Phage el ution Rounds of selection
ABI | 1E11 130 BAA (200ng) trypsin 2 ABII5D2

According to another embodiment, the invention relates to a host or host cell that
15 expresses or is capable of expressing a polypeptide of the invention; and/or that

contains a nucleic acid encoding a polypeptide of the invention. According to a

particularly preferred embodiment, said host cells are bacterial cells, yeast cells,

fungal cells or mammalian cells.

20 Suitable bacterial cells include cells from gram-negative bacterial strains such as
strains of Escherichia coli, Proteus, and Pseudomonas, and gram-positive
bacterial strains such as strains of Bacillus, Streptomyces, Staphylococcus, and
Lactococcus. Suitable fungal cell include cells from species of Trichoderma,
Neurospora, and Aspergillus. Suitable yeast cells include cells from species of

25 Saccharomyces (for example Saccharomyces cerevisiae), Schizosaccharomyces
(for example Schizosaccharomyces pombe), Pichia (for example Pichia pastoris
and Pichia methanolica), and Hansenula.

Suitable mammalian cells include for example CHO cells, BHK cells, HelLa cells,
30 COS cells, and the like. However, amphibian cells, insect cells, plant cells, and
any other cells used in the art for the expression of heterologous proteins can be

used as well.
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145 BAA (200ng) trypsin 1 ABII14D4 130 BAA (200-40ng) trypsin 2 ABI 135C7
Pool of 144, A-beta(1l-42)GST and GST-A-beta(1-42) TEA 2 WO

2011/ 107500Ran/1@P0011/ 053090 145, 129, 130 (10pg/ wel | ) PCTABRA3BER9®P00I oOf
144, 145, 129, 130 A-beta(1l-42)-GST and GST- A-beta(1-42) (10pg/well) TEA 2
ABlI 135& Pool of 144,

10

15

20

25

30

For production on industrial scale, preferred heterologous hosts for the (industrial)
production of immunoglobulin single variable domain polypeptides and protein
therapeutics containing them include strains of E. coli, Pichia pastoris, and S.
cerevisiae that are suitable for large scale expression, production and
fermentation, and in particular for large scale (bio-)pharmaceutical expression,

production and fermentation.

The choice of the specific expression system would depend in part on the
requirement for certain post-translational modifications, more specifically
glycosylation. The production of a polypeptide of the invention for which
glycosylation is desired or required would necessitate the use of mammalian
expression hosts that have the ability to glycosylate the expressed protein. In this
respect, it will be clear to the skilled person that the glycosylation pattern obtained
(i.e. the kind, number and position of residues attached) will depend on the cell or
cell line that is used for the expression.

Polypeptides of the invention produced in a cell as set out above can be
produced either intracellullarly (e.g. in the cytosol, in the periplasma or in
inclusion bodies) and then isolated from the host cells and optionally further
purified; or they can be produced extracellularly (secreted into the medium in
which the host cells are cultured) and then isolated from the culture medium and
optionally further purified.

Further methods and reagents used for the recombinant production of
polypeptides, such as suitable expression vectors, transformation or transfection
methods, selection markers, methods of induction of protein expression, culture
conditions, and the like, are known in the art. Similarly, protein isolation and
purification techniques useful in a method of manufacture of a polypeptide of the

invention are well known to the skilled person.

Production of the polypeptides of the invention through fermentation in
convenient recombinant host organisms such as E. coli and yeast is cost-

effective, as compared to conventional antibodies which also require expensive
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145, 129, 130 A-beta(1-42)GST and GST- A-beta(1-42) (10pg/well) TEA 2
ABI 142D4 178 biotinyl ated A-beta(1-40) (100nM trypsin 2 ABI142B10 178
bi oti nyl avedo/teetoa( 1- 40) (10nM trypsin 2 ABI 142F5 178 Poirarrenylosioed
A-bet a(1-40) (100nM trypsin 2 ABI 142E10 178 biotinyl ated A-beta(1-40)
(10nM trypsin 2 ABI142G10 178 biotinyl ated A-beta(1l-40) (10nM trypsin 2
mammalian cell culture facilities. Furthermore, achievable levels of expression
are high and yields of the polypeptides of the invention are in the range of 1 to 10

g/l (E. coli) and up to 10 g/l (yeast) and more.

5 According to still another aspect of the invention, there are provided the
immunoglobulin single variable domains as listed in Table VII below, which are
useful for building up or constructing A-beta binding polypeptides of the invention.
Thus, if any of the immunoglobulin single variable domains as listed in Table VII
(optionally after having been humanized) will be combined (preferably in the form

10 of one continuous polypeptide chain) with one or more other A-beta binding
immunoglobulin single variable domain(s), wherein such other immunoglobulin
single variable domain(s) bind(s) to a different epitope of A-beta, this will result in
biparatopic A-beta binding molecules according to the invention, having useful
binding characteristics, as set out in detail e.g. in Examples 9 to 11 below.

15

Table VII: A-beta binding immunoglobulin single variable domains

Clone IC50 in |melti|amino acid sequence SEQ
TR-FRET |ng ID
(M) tem NO:
pera
ture
in °C
ABIIPMP |4.40E-08 |n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFSTDTM |47
42D4 GWFRQAPGKEREFVAAVTWNSGRTNYADSVKGR

FTVSRDNTRNAAYLOMSGLKDEDTAVYYCTAHRL
VVGGTSVGDWRYWGQGTQVTVSS

ABIIPMP [5.1E-09 [n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFWTDTM | 48
111B4 GWFRQAPGKEREFVAAVTWSSGRANYADSVKGR
FTVSRDNTRNAAYLQMSGLKDEDTAVYYCTAHRG
VVGGWVVVDWRYWGQGTQVTVSS

ABIIM11E [8.80E-09 |n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFLTDTM | 49
5cl1 GWFRQAPGKEREFVAAVTWNSGRINYADSVKGRF
TVSRDNTRNAAYLQMSGLKDEDTAVYYCTAHRFV
VGGREVQDWRYWGQGTQVTVSS

ABIIPMP |6.00E-09 |n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFWTDTM | 50
111C6 GWFRQAPGKEREFVAAVTWNSGRLNYADSVKGR
FTVSRDNTRNAAYLQMSGLKDEDTAVYYCTAHRQ
VVGGVQVLDWRYWGQGTQVTVSS

ABIIPMP |3.40E-09 |n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFSTDTM | 51
111F2 GWFRQAPGKEREFVAAVTWNSGRTNYADSVKGR
FTVSRDNTRNAAYLQMSGLKDEDTAVYYCTANRH
SVGRLSVGDWRYWGQGSQVTVSS
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Round 11:
BAA (200ng) Round I1:

ABI | 60A10 185 Round 1 :
trypsin 2 ABI160D2 181 Round |I:
A-bet a( 1-WO)20(110my trypsin 2 ABII60GL1 185 Round |I:
biotinylated A-beta(1-40) (1M trypsin 2 ABII160H5 181 Round I:
biotinyl ated A-beta(1-40) (1M trypsin 2 ABII61F6 187 Round I:
bi oti nyl ated A-beta(1-40) (10nM trypsin

BAA (200ng) Round I1:

BAA (200ng) Round I1:

bi oti nyl ated A-beta(1l-40) (1M
bi oti nyl at ed

BARCT2®OMgsRound | | :

BAA (200ng)

ABIIPMP [6.10E-09 |n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFSTDTM | 52

111E4 GWFRQAPGKEREFVAAVTWNSGRTNYADSVKGR
FTVSRDNTRNAAYLQMSGLKDEDTAVYYCTAARLT
VGSLSVGDWRYWGQGTQVTVSS

ABIIPMP [8.60E-09 [n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFLTDTM |53

111C4 GWFRQAPGKEREFVAAVTWNSGRANYADSVKGR
FTVSRDNTRNAAYLQMSGLKDEDTAVYYCTAHRS
VVGGVGVWDWRYWSQGTQVTVSS

ABIIPMP [4.40E-09 [n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFRTDTM | 54

111B5 GWFRQAPGKEREFVAAVTWNSGRNNYADSVKGR
FTVSRDNTRNAAYLQMSGLKDEDTAVYYCTAHRL
VVGGGGVRDWRYWGQGTQVTVSS

ABIIPMP [1.90E-08 [n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFGTDTM | 55

111B9 GWFRQAPGKEREFVAAVTWNSGRANYADSVKGR
FTVSRDNTRNAAYLQMSGLKDEDTAVYYCTAHRF
VVGGGCVKDWRYWGQGTQVTVSS

ABII111B [5.30E-09 [n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFKTDTM | 56

5 R30K GWFRQAPGKEREFVAAVTWNSGRINYADSVKGRF

- TVSRDNTRNAAYLQMSGLKDEDTAVYYCTAHRFV
VGGNMVEDWRYWGQGTQVTVSS

ABII111B [5.00E-09 [n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFWTDTM | 57

5 R30W GWFRQAPGKEREFVAAVTWNSGRINYADSVKGRF

- TVSRDNTRNAAYLQMSGLKDEDTAVYYCTAHRFV
VGGNMVEDWRYWGQGTQVTVSS

ABII111B [9.20E-09 [n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFRTDTM | 58

5 N106T GWFRQAPGKEREFVAAVTWNSGRINYADSVKGRF

- TVSRDNTRNAAYLQMSGLKDEDTAVYYCTAHRFV
VGGTMVEDWRYWGQGTQVTVSS

ABII111B [1.00E-08 [n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFRTDTM | 59

5 N108V GWFRQAPGKEREFVAAVTWNSGRINYADSVKGRF

- TVSRDNTRNAAYLQMSGLKDEDTAVYYCTAHRFV
VGGVMVEDWRYWGQGTQVTVSS

ABII111B |7.30E-09 [n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFRTDTM | 60

5 F101W GWFRQAPGKEREFVAAVTWNSGRINYADSVKGRF

- TVSRDNTRNAAYLQMSGLKDEDTAVYYCTAHRWY
VGGNMVEDWRYWGQGTQVTVSS

ABII111B [4.30E-09 |n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFRTDTM | 61

5 M107E GWFRQAPGKEREFVAAVTWNSGRINYADSVKGRF

- TVSRDNTRNAAYLQMSGLKDEDTAVYYCTAHRFV
VGGNEVEDWRYWGQGTQVTVSS

ABII111B [2.90E-09 [n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFRTDTM | 62

5 M107R GWFRQAPGKEREFVAAVTWNSGRINYADSVKGRF

= ABII002 TVSRDNTRNAAYLQMSGLKDEDTAVYYCTAHRFV
VGGNRVEDWRYWGQGTQVTVSS

ABII111B [4.70E-09 [n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFRTDTM | 63

5 E109W GWFRQAPGKEREFVAAVTWNSGRINYADSVKGRF

- TVSRDNTRNAAYLQMSGLKDEDTAVYYCTAHRFV
VGGNMVWDWRYWGQGTQVTVSS

ABII111B [3.70E-09 [n.d. |EVQLVESGGGLVLAGGSLRLSCVHSGPTFRTDTM | 64

5 E109Q GWFRQAPGKEREFVAAVTWNSGRINYADSVKGRF

- TVSRDNTRNAAYLQMSGLKDEDTAVYYCTAHRFV
VGGNMVQDWRYWGQGTQVTVSS

ABII003 [2.10E-09 [51.1 |[EVQLLESGGGLVLPGGSLRLSCVHSGPTFRTDTM | 65
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2 Table I XX Am no acid sequencs of
Wl d type nonoval ent A-beta binding VHHs SEQ | D NO
EVQLVESG3EOVQRABHRL SCAASGRT FSDYNMGOWFHQAPCGKEREI VA

ABl | 1Eli

Al SRSCRSTYYTVSVEGRFTI SRDNAKNTVDLEMNSLKPEDTG | YYCAANS AG RAI N
LPLYKYWCQGTQVTVSS 112 ABI | 14D4
EVQLVESGGE. VQAGGSL RLSCAASCRT FSTYNI\/AV\FRHAPG(EREFVA AI SRSGGSTYYVDSVKG

resulting representative VHHs: VHH I D

PCT/EP2011/053090

RFTI SRDNAKNTVYLQY! NSLKPEDTAI WX AP Ra-FS Mé@k‘é@" 113 ABI |5D2
EVQL VESGEAL VQAGGSL RL SCAASCRT %@g@&m DT A Y CTARE |
TI SQSGELREYADSVKERFTI SRDNAKN QRYDYWBQGTQVTVSS
114 ABl 13 - ] N\ IO\ IO '\f\l DL /A Af-\l f\é\\/k |I\ AAAT-INASA YN ‘ el Y el sk lf Ai
SRSCSSTYVIATHSTRS [T SEoNRc AW& T Ggf 66
NTRGSYDYWEQGTQVTYSS 115 ABl 185MARONTRNAAYLQMSGLKDEDTAVYYCTAHRF
EVQLVESGGGEL VQAGGSL RL SCVASGL Th&RS BVA/  SRSGESTYYTDSVKG
RFTl SRDSS %@&%gﬁ%@ -\-Ib_@ INLOSA A AL o AL NI r\r\/\é\xﬁ @g\ VY e :lbg /_Bl 135@
AAI"SRSGGTITYYEDDVKGRFTI SRONAKNSVRRENNIN] A A A A
PSYVAVNI ANSYNNWGRGTQVTVSE 11 kAN RYWGOGTLVTVSS
EVQLVES VEAGGSL RESCYHSGETES FOT RCOAPC A VNSG RTINYADSYKG
R TvSRONT A B RED AV A IR 17
FTVSRDNTRNAAYLQMSGLKDEDTAVYYCTAHRF
VVGGNRVEDWRYWGQGTLVTVSS
ABII007 |1.60E-09 |53.2 |EVQLLESGGGLVLPGGSLRLSCVHSGPTFRTDTM | 69
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTISRDNTRNAAYLQMSGLKDEDTAVYYCTAHRFV
VGGNRVEDWRYWGQGTLVTVSS
ABII008 |1.90E-09 |51.9 |EVQLLESGGGLVLPGGSLRLSCVHSGPTFRTDTM | 70
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTVSRDNSRNAAYLQMSGLKDEDTAVYYCTAHRF
VVGGNRVEDWRYWGQGTLVTVSS
ABII009 |1.70E-09 |52.2 |EVQLLESGGGLVLPGGSLRLSCVHSGPTFRTDTM | 71
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTVSRDNTKNAAYLQMSGLKDEDTAVYYCTAHRF
VVGGNRVEDWRYWGQGTLVTVSS
ABIIO10 |1.90E-09 |54.8 |EVQLLESGGGLVLPGGSLRLSCVHSGPTFRTDTM | 72
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTVSRDNTRNTAYLQMSGLKDEDTAVYYCTAHRF
VVGGNRVEDWRYWGQGTLVTVSS
ABII011 |2.40E-08 |54.6 |EVQLLESGGGLVLPGGSLRLSCVHSGPTFRTDTM | 73
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTVSRDNTRNALYLQMSGLKDEDTAVYYCTAHRF
VVGGNRVEDWRYWGQGTLVTVSS
ABII012 |1.50E-09 |53.5 |EVQLLESGGGLVLPGGSLRLSCVHSGPTFRTDTM | 74
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTVSRDNTRNAAYLQMNGLKDEDTAVYYCTAHRF
VVGGNRVEDWRYWGQGTLVTVSS
ABII013 |1.60E-09 |52.2 |EVQLLESGGGLVLPGGSLRLSCVHSGPTFRTDTM | 75
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTVSRDNTRNAAYLQMSSLKDEDTAVYYCTAHRF
VVGGNRVEDWRYWGQGTLVTVSS
ABII014 |1.30E-09 |52.3 |EVQLLESGGGLVLPGGSLRLSCVHSGPTFRTDTM | 76
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTVSRDNTRNAAYLQMSGLRDEDTAVYYCTAHRF
VVGGNRVEDWRYWGQGTLVTVSS
ABII015 |1.80E-09 |55.5 |EVQLLESGGGLVLPGGSLRLSCVHSGPTFRTDTM | 77
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTVSRDNTRNAAYLQMSGLKAEDTAVYYCTAHRF
VVGGNRVEDWRYWGQGTLVTVSS
ABII016 |2.40E-09 |57.9 |EVQLLESGGGLVLPGGSLRLSCVHSGPTFRTDTM | 78
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
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WD 2011/ 107507PCT/ EP2011/ 053090 ABI 142B10
EVQLVESGGE VORGGSL RLSCAASGRT FSNL NMOWFRQAPGKEREFQ

AAl SRSCCWHYADAYIRGRFTI SRDNAKSTVFLQWNSLKPEDTAVYYCAAA

SPGGPI NYGRAYDSWEQGTQVTVSS 119 ABI 142F5
EVQL VESGGGL VQAGDSL RLSCTASGRTFTDYNI GWFCQAPGKEREFVAA
| SGSGGSTYYADSAKGRFTI SRDNAKNTVYL QUNSLKPEDTAVYACAAAQ

PCT/EP2011/053090

RRLAVNVDT SYNVWGIGTOVTVSS 12 >F+
EVOLVESGGHL VOPGGSL R SCAABGL TETSRD %_ g YYCTARRE
AI SAS%-I-T-II\IIADS\V"[<(“'_A_Sn II\II<:\\”'\ /L AW |/n|_-\TI\|_\I/| CANANAL
_ 9£h 1EVA SGOLVLPGGSLRISCVHSGPTFRTDTM | 79
RGEAI NTPT qi;f@ S§ A GRINYADSVKGR
EVQLVESGGGL VOAGGSL R SCLFEGRT] J Ry
Al NWBGSKTNYAEPVKGRFTI SRONAKNR AR T A R RY S SRYEYAYWGQGTQuTVSS
122 ABI I 6:)/\40 '_\VI(‘ \W/lala'a'a \I%"Y'\C‘I |_L)| A Cr |l \N rnhgl\ﬁg%rnr::\l
AAVSRSGVSIRIRASVI RISNAK ) o ADSV'KBGI R'V' 80
YRGTAI NVRRSYDSWEGTQVTVSE 12 R oo KGR
EVOL VESGGESEQAGGSL RL SCATEGRA ss
AGG%V\X/GGSAWEEE; 0 ' A §'§V S0 CAHSGPTFRTDTM | 81
EVQLVESGGESVQAGGSL RLSCAYSGS! K R oo
Rl TSGDSTNYADSVKGRETI SRDKAKTT) RN peroyTvss 125
ABI I 60|_l5 _\vlm \II—S(m \ W/ W/ a LDl ) A‘-A=-‘ ‘--‘-'Av‘-
| | TNSGSVN K( 0 i%iﬁ‘f SERT R GERTQVTVSS 126
ABI | 61F6 FVQLVESGGAE VQTGGSLR TR
| NKRGVTNYADSTEGRFTI SRONSKRTL : NOGR VOR GOGTQVTVSS 127
ABII021 [2.40E-08 |69.9 |EVQLLESGGGLVQPGGSLRLSCAHSGPTFRTDTM | 83
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTISRDNSKNAVYLOMNSLRPEDTAVYYCAAHRFV
VGGNRVEDWRYWGQGTLVTVSS
ABII022 [1.60E-08 |68.6 |EVQLLESGGGLVQPGGSLRLSCAHSGPTFRTDTM | 84
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTISRDNSKNAVYLOMSSLRPEDTAVYYCAAHRFV
VGGNRVEDWRYWGQGTLVTVSS
ABII023 [5.80E-09 |64.7 |EVQLLESGGGLVQPGGSLRLSCAHSGPTFRTDTM | 85
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTISRDNSKNAAYLOMNSLRPEDTAVYYCAAHRFV
VGGNRVEDWRYWGQGTLVTVSS
ABII024 [6.00E-09 |63.6 |EVQLLESGGGLVQPGGSLRLSCAHSGPTFRTDTM | 86
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTISRDNSKNAAYLOMSSLRPEDTAVYYCAAHRFV
VGGNRVEDWRYWGQGTLVTVSS
ABII025 (1.80E-08 |70.3 |EVQLLESGGGLVQPGGSLRLSCAHSGPTFRTDTM | 87
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTISRDNSKNTVYLOMSSLRPEDTAVYYCAAHRFV
VGGNRVEDWRYWGQGTLVTVSS
ABII026 [5.10E-09 |66.8 |EVQLLESGGGLVQPGGSLRLSCAHSGPTFRTDTM | 88
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTISRDNSKNTAYLOMNSLRPEDTAVYYCAAHRFV
VGGNRVEDWRYWGQGTLVTVSS
ABII027 [4.40E-09 |65.3 |EVQLLESGGGLVQPGGSLRLSCAHSGPTFRTDTM | 89
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTISRDNSKNTAYLOMSSLRPEDTAVYYCAAHRFV
VGGNRVEDWRYWGQGTLVTVSS
ABII028 [1.10E-08 |73.8 |EVQLLESGGGLVQPGGSLRLSCVHSGPTFRTDTM | 90
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTISRDNSKNTVYLOMNSLRPEDTAVYYCAAHRFV
VGGNRVEDWRYWGQGTLVTVSS
ABII029 [8.90E-08 |74.3 |EVQLLESGGGLVQPGGSLRLSCVHSGPTFRTDTM | 91
GWFRQAPGKGREFVAAVTWNSGRINYADSVKGR
FTISRDNSKNTLYLQMNSLRPEDTAVYYCAAHRFV
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The total nunmber of variants (mnimally 1 amno acid difference) found for

each B-cell lineage is 1 (ABII5D2), 195 (ABI142D4), 1 (ABI142Gl0), 1

(ABI | 60D2yo 201 (wBOF60H5), 23 (ABI 1 1E11), 3 (ABII14D4), BCTABRAMIBSIOP) 6

(ABI 135@&2), 1 5(ABI135D2), 7 (ABI142B10), 2 (ABI142F5), 3 (ABI142E10), 2

(ABI I 60A10), 2 (ABII60GL1) and 15 (ABII61F6). To identify the B-cell
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ABII054 |5.10E-08 |62 EVQLLESGGGLVQPGGSLRLSCAASGRTFNNYNM 104

GWFRQAPGKGREFVAAVSRSGVSTYYADSVKGR
FTISRDNAKNALYLQMNSLRPEDTAIYYCGAAYRG
TAINVRRSYDSWGQGTLVTVSS
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and 4. 7E-4 s-1,

VL: 10 YVWMIQTPLTLSVTI GQPASI SCKSSQSLLDSDGKTYLNW.L QRPGQSPKRLI YL
VSKLDSGVREBRIGAGEBTDFTLKI SRI EAEDLGLYYCWQGTHFPRTFGGGTKL  BCEK/BPSHQ0FIDINO. 128)
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EXAMPLES

10

Example 1: Immunization of llamas with A-beta for the induction of humoral

immune responses

Generation of monomeric A-beta peptide (BAM): Monomeric A-beta peptide
(BAM) is prepared via trifluoroacetic acid (TFA; Sigma)/1,1,1,3,3,3-hexafluor-2-
propanol (HFIP; Fluka) treatment. The lyophilized A-beta peptide is dissolved in

its original vial in 100% TFA to a final concentration of 1 mg/ml. The solution is

then evaporated in a speedvac at room temperature. After this and all

subsequent evaporation steps the remaining pellet is placed on ice. The pellet is

15

resuspended in HFIP and again evaporated in a speedvac at room temperature
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followed by another HFIP solubilization after which the solution is divided into



BAM ELI SA EC50 in nM BAA ELI SA EC50 in nM TR-FRET 1C50 in nM ABI 11E11 12-28
27.3 19.2 844* ABII5D2 1-16 54.1 11.7 >1000 ABI|14D4 12-28 124 6.8 744
AB1135C7 wo-288/17871. 3 206* AB1135&2 12-28 10.7 5.4 645PCT/EP2011/053090

aliquots of appropriate volumes. The aliquots are evaporated in a speedvac at
room temperature and the pellets are stored at -80°C. Immediately before use,
the TFA/HFIP treated A-beta peptide aliquot is dissolved in 100% DMSO via
repeated up and down pipetting. The A-beta peptide solution is centrifuged at

5 14000rpm for 10 minutes to remove possible aggregates and the supernatant is
used in the different assays.

Immunization of llamas: Llamas are immunized with aggregated A-beta peptides
(BAA) and oligomeric A-beta peptides (BAO) by injecting the immunogens

10 intramuscularly in the neck area applying decreasing doses over time. BAA
consist of a mixture of synthetic A-beta(1-40) and A-beta(1-42) peptides which
are prepared essentially as described by Schenk et al., 1999, Nature 400: 173-
177. BAO are prepared essentially as described by Kayed et al. (2003), Science
300:486-489. The first two antigen injections consist each time of 100ug of

15 antigen per llama, while for all following administrations, the dose is reduced to
50ug per llama. Llamas 144 and 145 are vaccinated with freshly prepared BAA.
In total, nine BAA antigen doses are injected as an emulsion using Freund'’s
Complete Adjuvant (first injection) or Stimune (all following immunogen boosts) in
intervals of maximally 16 days. Llamas 129, 130, 177 and 178 are vaccinated

20 with BAO. In total, six to nine BAO antigen doses are injected, as an emulsion
using Freund’s Complete (first injection) and Freund’s Incomplete Adjuvant or
Stimune (all following antigen boosts) in intervals of maximally 18 days. Llamas
are also immunized with A-beta peptide fragment 1-16 conjugated to bovine
serum albuming (BSA,; llamas 181 and 186) or A-beta peptide fragment 1-30

25 conjugated to BSA (llamas 185 and 187). Four antigen injections are
administered in 14-day intervals, using Freund’s Complete or Freund’s
Incomplete adjuvant with antigen doses decreasing from 100ug (first two
injections) to 50ug (two following injections) per llama. Immediately before the
start of each immunization scheme a pre-immune serum sample and at regular

30 time points during the immunization experiment multiple immune serum samples
are collected to evaluate the A-beta peptide specific humoral response of the

distinct animals.
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AB1135D2 12-28 37.5 12.8 773* AB1142D4 1-16 14.2 0.9 46.8 ABI 142B10 12-28
10.8 2.1 85.6 AB1142F5 12-28 41.1 20.0 228* ABI 142E10 12-28 17.5 2.6 205*
WO 2011/ WO207ACTIEP2011/ 053090 ABI 142G10 1- 16 PCT/EP2011/053090

10

15

20

25

30

To monitor the A-beta peptide specific serum titers via ELISA, 2 pg/ml A-beta(1-
40), biotinylated at the C-terminus (Anaspec), is immobilised for two hours at
room temperature on a Neutravidin-coated (0.2-0.5 ug per well) 96-well Maxisorp
plate (Nunc). Wells are blocked with a casein solution (1% in PBS). After addition
of a dilution series of pre-immune and immune serum samples, specifically bound
llama immunoglobulins are detected using a goat anti-llama horseradish
peroxidase conjugate (Bethyl Lab. Inc.), allowing to detect the humoral response
mediated by both the conventional and heavy-chain only antibodies. In certain
cases, a consecutive ELISA is performed to evaluate specifically the heavy-chain
antibody mediated response via detection with mouse mAbs specifically
recognizing the heavy-chain only llama IgG2 and IgG3 antibodies (Daley et al.,
2005, Clin. Diagn. Lab. Imm. 12:380-386), followed by a rabbit anti-mouse-HRP
conjugate (DAKO). ELISAs are developed using TMB (Promega) as the
chromogenic substrate and absorbance is measured at 450nm. For all four
immunogen formats (BAA, BAO, A-beta(1-16)-BSA and A-beta(1-30)-BSA) both
conventional and heavy-chain antibody mediated immune responses specific to
(biotinylated) monomeric A-beta(1-40) are detected. Serum samples that are
positive against monomeric A-beta(1-40) are also positive when tested against
BAA directly coated onto a Maxisorp plate, suggesting the presence of at least
partially common epitopes in the monomeric A-beta and BAA preparations used.

Example 2: Isolation of A-beta binding VHH domains (VHHs) from

immunized llamas

Cloning of the heavy-chain only antibody fragment repertoires: Following the final
immunogen injection, immune tissues as the source of the B-cells producing the
heavy-chain antibodies are collected from the immunized llamas. Typically, two
150-ml blood samples, are collected 4 and 8 days after the last antigen injection
and one lymph node biopsy, collected 4 days after the last antigen injection are
collected per animal. From the blood samples, peripheral blood mononuclear
cells (PBMCs) are prepared using Ficoll-Hypaque according to the
manufacturer’s instructions (Amersham Biosciences). From the PBMCs and the

lymph node biopsy, total RNA is extracted, which are used as starting material for
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87.0 49.5 >1000 ABI|60A10 12-28 4.9 0.8 11.1 ABII60Gl1 12-28 187 6.0 34.4
ABI | 60D2 1-16 >1pM ND ND ABI I 60H5 1-16 >1pM ND ND ABI | 61F6 12-28 469 14.5
967* 2D2 WO 2011/107507 PCT/EP2011/053090

RT-PCR to amplify the VHH encoding gene segments (formerly described in
W02005/044858). For each immunized llama, a library is constructed by pooling
the total RNA isolated from all collected immune tissues of that animal. In short,
the PCR-amplified VHH repertoire is cloned via specific restriction sites into a

5 vector designed to facilitate phage display of the VHH library. The vector is
derived from pUC119 and contained the LacZ promoter, a M13 phage glll protein
coding sequence, a resistance gene for ampicillin or carbenicillin, a multiple
cloning site and a hybrid glll-pelB leader sequence (pAX050). In frame with the
VHH coding sequence, the vector encodes for a C-terminal c-myc tag and a

10 (His)s tag. Phage are prepared according to standard protocols and are stored
after filter sterilization at 4°C for further use.

Selection of A-beta specific VHHSs via phage display: VHH repertoires obtained
from all llamas and cloned as phage library are used in different selection

15 strategies applying a multiplicity of selection conditions. Variables include:
i) the A-beta peptide format (A-beta(1-40) C- or N-terminally biotinylated, A-
beta(1-16) C-terminally biotinylated, A-beta(1-30) N-terminally biotinylated and
glutathione-S-transferase (GST) fusions such as A-beta(1-42)-GST, A-beta(1-
10)-GST or GST-A-beta(1-42)),

20 ii) the A-beta peptide aggregation status (monomeric A-beta, BAO or BAA),
iii) the antigen presentation method (solid phase: directly coated or via a biotin-
tag onto Neutravidin-coated plates; solution phase: incubation in solution followed
by capturing on Neutravidin-coated plates),
iv) the antigen concentration and

25 v) different elution methods (trypsin or TEA).

Selections are performed as follows: antigen preparations for solid and solution
phase selection formats are presented as described above at multiple
concentrations. After 2h incubation with the phage libraries followed by extensive
30 washing, bound phage are eluted with trypsin (1 mg/ml) or TEA for 15 minutes. In
case trypsin is used for phage elution, the protease activity is immediately
neutralized applying 0.8mM protease inhibitor ABSF. As control, selections w/o

antigen are performed in parallel. Phage outputs that show enrichment over
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12-28 15.8 4.7 404* 2G5 1-16 98.6 7.2 >1000 Fab266 16-24* 1.8 1.8 0.52
Fab3D6 1-5* 1.8 0.3 3.4 ND: not determ ned; *: 1050 cal culated from
ext rapol avedooumv®s 3.2 VHH binding to A-beta in sol uti @T(EPRIFREDYO
Interaction of anti-A-beta VHHs and A-beta peptide in solution are

eval uated using a Tine Resol ved 5Fl uorescence Resonance Energy Transfer
(TR-FRET) conpetition assay. In two different setups, conpetition with

ther th [
peci 11 ) CaERRLAS tnd®enGh Ot AR e R SR Rd B Tl e P2 0,
speci fi c) aeg eitihersisedl tol-‘p:repalfeeprwﬁﬁorm’rmememtrseieﬂm r@@mdz(ﬁmag@reﬁouwbat ed at
the CGtermnu Anaspe

| ab t OE h d
Virs nby 1 aseed AR ReE Rasss S Aimary 2o giDbaee Tor andv e matHiasuaHe 2

with diffefpes ﬁp&@%md 3¢rle@R% Qéle@tud??@utbﬁpﬁir%‘éeém%dérgrsuﬁM’é“éolérS]@s or
Fab). The | abel ed conpounds are used at concentrations of O

( A-bet a( 1an@ppckeemronmr(ema_r4mi£ﬁ anebigroevn( 1aBil I96caeep-wetl @éﬁi@&tTN@pkﬁCan t he

1050 15varaReourEHEr bR e e s B Bl TR B A BN R Foasing 5232‘
resul tingof 9Iubb§eflgéﬂ|;§m’sr'ﬁ93 SRR Yin AN LIS Ffor 8%1)%’r@1ﬂ?éﬂ)arreﬂgddé6rcﬁﬁ C' fic
bi nders tested: nonocl onal anti body 3D6 (2.5nM Fab fragnment 3D6 4nM

> ABI 142Dfpo stagdarovnethowdsl.| 502 = 42G1L0 (>1000nM) . The nost pot ent
central -region specific VHH i dent ified via this assay was ABI | 60A10, shows
an 1050 of

10 Screening of periplasmic extracts for binding to A-beta: 2 ug/ml A-beta(1-40),
biotinylated at the C-terminus (Anaspec), is captured for two hours at room
temperature on a Neutravidin-coated (0.2-0.5 ug per well) 96-well Maxisorp plate
(Nunc). Wells are blocked with a casein solution (1% in PBS). After addition of
typically a 10-fold dilution of the periplasmic extracts, VHH binding is detected

15 using a mouse anti-myc and an anti-mouse-HRP conjugate (DAKO). Clones that
give an ELISA signal of minimally two-fold above background are retained for
sequence analysis. VHHSs that are able to bind (biotinylated) monomeric A-
beta(1-40) can be allocated to 16 different B-cell lineages. Clones derived from
the same B-cell lineage share a highly similar CDR3 sequence and are thus likely

20 to recognize the same epitope. Table VIl summarizes the selection parameters
that leads to the identification of a representative VHH of each of the 16 B-cell
lineages. In Table IX, the amino acid sequences of the VHHSs listed in Table VIII

are shown.

25 Table VIII: Selection parameters are used for the identification of A-beta specific
VHH B-cell lineages

VHH ID Library Selection format (immobilized or Phage |Rounds
captured A-beta peptide concentration) |elution | of se-
lection
ABIME11 |130 BAA (200ng) trypsin 2
ABII5D2 145 BAA (200ng) trypsin 1
ABII14D4 | 130 BAA (200-40ng) trypsin 2
ABII35C7 |Pool of 144, |A-beta(1-42)GST and GST-A-beta(1-42) TEA 2
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2011.1 nM whil e benchmark anti bodi es gave 1C5Cs of 0.50nM (nonocl onal

anti body n266) and 0.52nM (Fab fragnent of nR66).

For

conpar at I ve reasons,

anti - A-beva 2vHH97#3 di scl osed previously (the "referenc®CVHHIIN/083000

generated and purified as descri bed above,
as available fromthe international

usi ng the sequence information
pat ent publications indicated bel ow
VHHs 2D2 and 2G6: W)2006/ 40153; VHHs 3A, 1B, 11G 4D, and 8B: W2007/35092;

and 5VHH B1=1—W f 3 CT 0 Sequences thereof a‘r‘E_S‘htwn_l—nj
Tabl e Xl .| Tahle X Li%zmwngwgo r J &\{?C ces of reference VHHsIVVHH | D A- het
bi ndi ng r pABIKSRZe |AdekofIES | PAteta(2B2)-GST and GST-A-beta(1-42) | TEA 2
AVQLVDSGHA. VOQAGGSL RE SRS G35 FSSHaiwsiNFRQAP
GKEREFVGA| S5IREET Y PR T KPVO4tMhd GST-A-beta(1-42) TEA 2
NSLKDEDTA\/YYCAGRPA T ngm VSS 132 2G6
QVKLEESGG RESCAASGRTESNYWIARKROA ,
CKGLEW/ST EE #\% SVKGRET @é?wﬁi&#ﬁw €4 r0) (100nM) trypsin | 2
SLEPDDTAL YA@N@Q\ RIDRPQSSDFL mlmvs&tamﬂo:m OnM) trypsin 2
I OVING\IT 1 .
NSLKPEDT Wﬁi& ¥PROSREYHR! @é(ﬁ@) {9nM) trypsin | 2
QVQL QESGHARM(IRGESL FRIZSCAASEFT'_IDWS{IMRWE -40) (10nM) trypsin 2
KEREGVSCI tEaakg AR VKGRE TT SRLINMHINEXX] ) trypsin 2
LKPEDTAI Y[YCAAG RDWATLREYEYDDWERXaI{W byt yl% 4—%&2!(1-40) (1nM)
ABII60OD2 | 181 Round I: BAA (200ng) trypsin 2
Round II: biotinylated A-beta(1-40) (10nM)
ABII60G11 | 185 Round I: BAA (200ng) trypsin 2
Round II: biotinylated A-beta(1-40) (1nM)
ABII6OH5 | 181 Round I: BAA (200ng) trypsin 2
Round II: biotinylated A-beta(1-40) (1nM)
ABII61F6 | 187 Round I: BAA (200ng) trypsin 2
Round II: biotinylated A-beta(1-40) (10nM)
Table IX: Amino acid sequencs of resulting representative VHHSs:
. N SEQ
VHH ID Wild type monovalent A-beta binding VHHs ID NO:
ABIME1 EVQLVESGGGLVQPGGSLRLSCAASGRTFSDYNMGWFHQAPGKEREIVA | 112
AISRSGRSTYYTVSVEGRFTISRDNAKNTVDLEMNSLKPEDTGIYYCAANS
AGRAINLPLYKYWGQGTQVTVSS
ABII14D4 |EVQLVESGGGLVQAGGSLRLSCAASGRTFSTYNMAWFRHAPGKEREFVA | 113
AISRSGGSTYYVDSVKGRFTISRDNAKNTVYLQMNSLKPEDTAIYYCAAAP
RGRSIVTTATYDYWGQGTQVTVSS
ABIISD2 EVQLVESGGGLVQAGGSLRLSCAASGRTFSSYAMGWVRQAPGKERELVA | 114
TISQSGGLRSYADSVKGRFTISRDNAKNTVYLQMNSLTPGDTAVYYCAAQA
RATAWSPQRVDYWGQGTQVTVSS
ABII35C7 |EVQLVESGGGLVQPGGSLRLSCAASGRTFSIYNMGWFRQAPGKEREFVA | 115
AISRSGSSTYYGDSVKGRFTISRDNAKKTVYLQMNSLKPEDTAVYHCAAAR
FGTPINTRGSYDYWGQGTQVTVSS
ABII35D2 |EVQLVESGGGLVQAGGSLRLSCVASGLTFSSYNMGWFRQAPGKEREFVA | 116
AISRSGGSTYYTDSVKGRFTISRDSSKNTVYLQMNSLKPEDTADYY CAAAL
FGSAINLLSEYRYWGQGTQVTVSS
ABII35G2 |EVQLVESGGGLVQAGGSLRLSCVASGRTFSNYGMGWFRQAPGKDREFV | 117
AAISRSGGTTYYEDDVKGRFTISRDNAKNSVYLQMNSLKPEDTAVYYCAAR
PSYVAVNIAASYNNWGQGTQVTVSS
ABlI42D4 |EVQLVESGGGLVLAGGSLRLSCVHSGPTFSTDTMGWFRQAPGKEREFVA | 118
AVTWNSGRTNYADSVKGRFTVSRDNTRNAAYLQMSGLKDEDTAVYYCTA
HRLVVGGTSVGDWRYWGQGTQVTVSS
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QVQL QESGGGL VQPGGSLRLSCAASGS| FSI NTMAWRQAPG
KERDLVAAI | SSGSTNYADSVKGRFTI SRONTKNTVYLQWNSLK

LEDTAVYYGMOADRRBVAIDAWCAYVWGQGTQVTVSS 136 4D

QVQL QESGGGL VQAGGSL RL SCAASGRTFSSYAMGAFRQAP
GKEREFVATI RWNGDYADSVRDRFTI SRDDAKNTVFL QUNSL
KPEDTAI YYCAARL GPRTSQAAL YRYWGQGTQUTVSS 137 8B

PCT/EP2011/053090

AVQLVES RS TR RTFSNLNMGWFRQAPGKEREFQ [ 119
GKEREFVAA 1 %EKSTVFLQMNSLKPEDTAVYYCAAA
NSLKPEDTAVYYCASAP rmemxwmm»ﬁ@s 383

AEVQLQASG AGD ‘ FTDYNIGWFCQAPGKEREFVAA 120
PCKGLEVW REY Y, SLKPEDTAVYAGAAA

NSLKPEDTA 2 fg&npare to t e ref er ence
VHHs 2G6 ! b =1 speetfiet)s
VHHs 42D4 u@ % EE@FE;‘ {i'9b1y
(cf. Tabl n|ty ep i dg - VHH
I nteracti d“E%}'i“aG%qJ fH S & “Tt e \HHFab—ht Eyacéﬂgn g
determ ne I '0’%‘2@ S ncq
(Biacore)| using G é\gg% gEE m%g fm on a

st rept avi di-h—sensaor r\ | [a) :\c déscry dbefore ( Izvanhl e ’)\ —Purifie \/HHs
Fab f r agnEARI60A10e | ENREVESGEGVaR Qﬁ%%?@MS%%TFd‘@H E’r%'é%%':éh 42% an
300 nM fof ABI 142[)@’* ﬁ?@‘gggggg\gg EEE“S HN%H-QAWWEDt BS540 at e f
10 mn. Fpbr—_5ABL1 VA- ﬁ Q_association and dissodiation
curves caPBIE0E]t { BYQLE > GSEQAGG FItRAEEAT PGRAND AW HC RTFMN’M g} ar
an accurate KD val g\gV@% ESIRYHG R RPN EHAMNSE F’ecsDaﬁAé(YpéﬁﬁHYto be 1
for VHH [142D4 BWNS&RVPPEEMQQGI’TQY@! P of 306, and 0.3nMfor| the F
fragment piBIWRBS, |E¥QERIGGES .AG_@S,PA-SENSG§§SH€WVWQ?QA%G@RE@& pgR@asny
resonance| Bi ndi anRv%ég@iSTTNEMJ VHIERR THERRAMET T EQHBNEKPE Y WICAARRPflac e

pl asnon r esonance | MBREPYWGORKIIYSE- bet a(1- 16) (biotinyl ated at tlhe

C-t er mi nupABIBaIEH eV ANESSARIHVE\VEELB)L SCHASENIOSINANMEWARQARSKEREWN A 126 ;
Bachen) peptides alBNIGEMNHGRDSYHKCRFSISCENHNRYY hQRIBREKTERTHVY Ya8AB8SCr i bed
before. Fjve of th¥CRIFKYEGREHYTVSFabl e | X above are found to intleract
15wi t h t hpaBistEg M| BadLYESBEEL W TAGE: RABEAASEESUN AV GABRCAPZEK ORBL VA D47

ABI 142G10} ABI | 60 DAKRGEY TABADEDESGRE TISRONIHRVMHEMASEK PEDITAV YENANYERACt W t
the central regi onYCRBKERVCQGABMTYE®M, ABI 135C7, ABI 135G2, ABI 13502,

ABIl 142B10, ABI 142F5, ABI 142E10, ABI|60A10, ABI | 60611 and ABI | 61F6;

Table X).

203.5 In vitro A-beta aggregati on assay

cf.

vitro A bdDg tisyrHker ofvatanly (9 ¥ dsemine e diiaseReRkiodnd darreash B
I nhi bi t ed .gfi |ihe4UERY (ABIISD2), 195 (ABII42D4), 1 (ABII42G10), 1 (ABIIGOD2), 1
(ABIIBOH5), 23 (ABII1E11), 3 (ABII14D4), 3 (ABII35C7), 6 (ABII35G2), 1

(ABII35D2), 7 (ABII42B10), 2 (ABII42F5), 3 (ABII42E10), 2 (ABIIG0A10), 2

(ABII60G11) and 15 (ABII61F6).

10

15

To identify the B-cell lineage variant with the best binding properties, periplasmic

extracts of all VHH variants were used to determine the off-rate (Biacore T100,
GE Healthcare). Monomeric A-beta(1-40) (biotinylated at the C-terminus;

Anaspec), monomeric A-beta(1-16) (biotinylated at the C-terminus; Bachem) and

monomeric A-beta(12-28) (biotinylated at the N-terminus; Bachem), is prepared

as described in Example 1, are irreversibly captured via streptavidin on three

different channels of the same SA sensor chip (GE Healthcare). Surfaces are first

washed via 3x 1-minute injections of surface wash buffer (1M NaCl in 50mM

NaOH) followed by injecting biotinylated A-beta at 50 nM up to a target level of
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vitro A-beta aggregation is nmeasured using Thioflavin T (ThT) fluorescence,
whi ch undergoes a typical red shift upon A-beta fibril formation (Levine,
H 1993. woabain7®ci ence (2): 404-410). For the assay, ®Co@P2&0l060p@ONSs of
synthetic A- 25 beta(1-40) (Bachem in 100% DVSO and ThT in 25 niM

gl ycine-NaOH pH8.5 is prepared and stored at -20C. Before usage, the
A-beta(1-40) stock solution is diluted to 56 pMin aggregation buffer (50

m sodi h VHHs

e’ Lest adeoTea Rk odiilhin! dWfidee BPe HOREH LYHNELING R XBITEAUC AR S0

7 pM  Equaf dxmbtines 1898 api5ul/ofin tAneeféﬁemmﬂriadeGSa\(thed)arwobluckmwahdi t he
ti body/ VHH t t.i t

ST plt cat Dot Ae- B ufRe OBha 36 Tne BN BufennSesRommBriSaat 11 f uge

tubes for éﬁ‘ohﬁé‘dﬂ%t 253 orl B¥- ?et@%rcke&ﬂt"{g r&?ffﬁé&mlc@ﬁr%tstéﬁmf—lgfar@f 30 pl of
t he |ncubat ed sanples into a black 96-well flat bottom pol ypropyl ene WO

2011/ 1075076cted abamokfmgﬁ@@rpfoat%n(@uwmi&amd@f@)allozs&”@ toldiggoclats pM ThT

(5Lt SO TBER gl lth PSR 90 ALt R o "

fluor escemi@ct@d @rsadosﬁtfvebcdmﬁoaéén%s am@ svaledtddnattibgstadisre eegpihirpanet i t or
is set as 100% aggregation (or O )/ 0 5inhibition). The maxi num i nhibition

at the hi ghthae em@meraﬂe@tnB@é@@@md(f@aerpiMHH§amlea|ta@@wﬁageaﬁr%verage

it oreaTlaleRgREREMNC- SERTBLFRESE N OLR G075, AL Al BRGE AR
(non-1&- bebg 1$B€&M fGlﬂ-)Cl\zﬁhil-%u‘rﬂmn\rhiegeheFﬂlbnfls agnmnpﬂete?»&’ﬁ eds 266 show a

repr oduci bl e ndent i nhi bition t h maxi i nhi bition of 79 and
85% 10 r&3lse ‘5/3 eNsPrgrRES AviaInest rafpytie cag 'E“é wi fhﬁﬁptu 7, 35@,

3502, 42B T@QA,’]&Q I ds0 82,
76, 73, 7%)“?3%%%'6\3%%@0?/?& pept lazle gggrglgg\gtél\@iﬁﬁggy&% S %B?ﬁ?gﬁ’er
t han t he aﬁ%ﬁkBilﬁQﬁburmowma)mdrmphaanttmledingpatttbm aodaﬂpwedftme control

VH 15Ex 4: Af t f V 14 bj ted t
tp. ey ol cCaBHIPQTorG i VR 1 dniaraCten MPOeT &y ra S | At o HrdS GoR
resi gyes ?é%)é&ﬁ/élyepoﬁé‘ll aiHerQ/tm@rB édll ml@@sa@dﬁereﬁh@eét@nb%ﬂﬂﬁ@ reSI dues
are targete CDR3: H95-Y102 20( nunberi ng

according dtS@OK@ban)cur\rmar@gfétﬂdss@argtqmrreadm 8 iaa(CaCrRlaied dpnapi® oach usi ng

PR pr odudiS oo s bpETetb TS ah 508 PhEarbe it . BEF b ot on
sites intdolble reRiréAcéd bgenptrhetian 6t the dunvks/ bt rdtutemtbchanacbatglocged as
recombi nant protein using an_expression vector derived from 25pUC119, which

contain t REENKLEPNHGRHFTasNieqtion: stenseraramseare P@uataddmting ad hul tipl e
cl oni Pg Sk %oﬁ‘%ﬂoﬁ?n&ﬁ@?ﬁs| %rBéS&’égPﬂfb EQ%&QQ& goﬁYv U1 AR bﬁaare

transf or meq he  expressi on vect rary an d ‘on ‘agar tes
( Lg + Anp bind¥g g}‘ Vbl@iseé\Bll&i)llglaad?mldﬁﬂ%tcaAebqlacté(eblsénvemlrh t? aggegmga; gs
and grown _jn_ 1- 96- epwe pl at VHHexreS|on|S|nuce y addi ng
| PTG (1mv;§.'—'§%43@r9§%ﬁ/ ¢ %Wtﬁ%tbﬁ"cfngl I thEo? &%'p 80 ill) are prepared
according to standard met hods and screened for binding to A-beta(1-40) in
ELI SA and in a Biacore off- WD 2011/ 107507PCT/ EP2011/ 053090 rate assay as
descr i bed Foestudyingasiadingech@ractutistits omsonovalent posVHHbbhndes3dabrs57, L97,

Secon oy BPOMERIBHRGEGrPLe s 2PE AL APE b SRR y |

Srandom S'aHGbécWBBDBXS gus6raid Bl Soesdr-inbY étomnt1l99lre|:lrdd1 I\Fa\ﬂClA%a@”Sc:l For
this, the full iﬁ%itgh ABI 142D4 gene is synthesized \pla)over ap PCR using

ol i gonucl 8411558s1 ane i Bel QlNNIS)2QQD NeduredvigdieineR:Pd6-4I&and ons and a

bhage. i ssPaoTEabhOT Eaehi bPBITAREes 1B Rerabe (NBpRhoL PIBT 6t oe7
Phages ar &idgnoef@izdnt e286Ng db@c@b@%@tﬁr@épﬁlm’@gﬂhhtmm B2prary is
subjected to three rounds, of solution (Shase sel ection _agai nst

( bi ot3P nyl §?Z®ndrﬁﬂﬁﬂf@|ai|i bindsdoaMINA@ACI EgSidHes 1R R aﬁpﬁﬁ'lb%téa(@@@tr@]‘agnetl c
beads (Dyg%%%% Qf Att%?afeﬁ%tbuﬁ rggﬂeﬁt%e?orrqéﬂgmg%é@%ﬂa?@q@ﬁ%ﬁﬁh'(

decr eased each Tourd stafti man an concent at| on of
50nM at ruanabler’mavBamam hageonstaret lightitleainyiC hand gpsstan{ dori:érrg?l of )hd or 30

t d ph t fected into E li TGL fo
m nutes aRea\ll/)y ‘E’:‘ﬁa.no(%tkPE'o? thaerreeslpgct?vce aentlblorayo(sequecr?cels as glven below) and,
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preparation of periplasmc extracts of individual VHH clones. Screening for
bi nding to A-beta(1-40) in ELISA and in a Biacore off-rate assay (Exanple
2) identiwpesiicloodees with up to 10fol d i nproved of f -rat @ST/EP2@ 1108890

ABI 142D4 variants are cloned into expression vector pAX100 in frane with a
Ctermnal c-myc tag 20and a (His)6 tag. VHHs are produced in E coli as

H s6-tagged proteins and purified by i mobilized nmetal affinity

i1t aeoopenphVEEe,Entnd| £ty FIPE reRh LR QRN e e

r esonance egiiessed ahdmﬂﬁﬂed%coadmgeﬁo eorvaidivernhiechdigues) bangB. dd/PER tHER- FRET

5 nGi g aRPPLORPTISTAR N TIaB TR b TLy GocsnBoor oty UM rreEr gent
Tt at | ons kLSRN dhrshaRRF é’é@ﬁ&%rmegt.dwlpﬁmlﬁ&ﬂf@%ﬁehfg 61feed one

by one. The resulting varlg%(s are produced in E coli characterized as
descr s bed abéf&DGeshoxw mﬁm@lazbom@mcnmsmdlrrglsaomoerﬁ affdas of B £1090Q
are |dent|f| %s ?tt ?rlants with both, IC50 and KD, being nore than
10fol d i nﬁpg 8 % N&!Y- ABI 142D4. Sequence information and bi ol ogi cal
data for the var| ants menti oned above are sunmarized in Table VII above

(first line: 42D4; lines 2 to_ 9: useful clones WO
2011/ 10750 Pendibreeauencrof Fak firomegt of 3B i rst two cycles of affinity
maturatioQ;.lines 10 to 18: useful clones resulting from additional

tar get ed

S T T
and of th _ | ast ed
agai nst t VH sequence dat abase. The hunman germine VH3-23

sequence (DP47; SEQ ID NO 140) in conbination 10with JH5 showed the
hi ghest s ence identity to both VHH sequences. Sequence DP-47/VH3-23:
EVQLLES / X ASC

i s e
JH5: NWED
ABI 1002 a substituted for humani zati on

pur poses creating a nunber of different variants of each VHH. All variants

wer e assegptgl %ﬂdf\m@eghélg(?é?& e h?gi@fgbf an ECR over | ap extens! on net hod,

cloned into an expression vector produced in E.coli. The
sequence Mllf.Ol’n’B.tl on and binding data for the obtained 25variants of

ABI 1002, D\&/MABITHIGE PIVSIABDIISISCRESOSLIY BN i Hed- \AKPSUSPRELIY
ABI 10050, vaswRP@@\%RFQ@%S@&DFRWSWDZ@WF@S"@SWWWW@U@T(I i nes

19 to 53 pne ki 8ed fPNCR18he | ast line 65, respectively). Table Xl
addi ti onai?ﬁr| st? t he degr):e of humani zati on of ABI 1002 to ABI1036 and

ABI 1050 to ABI I 060. 30Table Xl I: Humani zed variants of ABI 1002 and ABI | 050

Cl ones nam¥Hb huma- ni zation Tr. ec)
EVKLVESGGGLVQPGGSLKLSCAVSGFTFSRYSMSWVRQTPEKRLELVAQINS
VGNSTYYPDTVKGRFTISRDNAEYTLSLQMSGLRSDDTATYYCASGDYWGQGT
TLTVSS (SEQ ID NO:131)

30 Example 3: Characterization of purified VHHs

The VHH variants with the slowest dissociation rates for each B-cell lineage are
recloned into an expression vector derived from pUC119, which contains the
LacZ promoter, a resistance gene for either ampicillin or kanamycin, a multiple

35 cloning site and a hybrid glll-pelB leader sequence. In frame with the VHH coding
sequence, the vector encodes for a C-terminal c-myc tag and a (His)s tag. VHHs
are produced in E.coli TG1 and are purified via immobilized metal affinity
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Mean 1C50 in TR-FRET (M ABI1002 77.8 57.5 2. 0E-09 ABI 1003 81.8 51.1
2. 1E-09 ABI 1004 82.8 56.0 2. 1E-09 ABI 1005 82.8 48.2 3. 3E-09 ABI 1006 82.8
51. 7 8. 0BWO20ABIIMO/ 82.8 53.2 1.6E-09 ABI 1008 82.8 PCT/EP2011/053090

chromatography (IMAC) and size exclusion chromatography (SEC) resulting in
95% purity as assessed via SDS-PAGE.

3.1 VHH binding to immobilized A-beta (ELISA): To quantify the binding of the
5 VHHs to monomeric A-beta peptide (BAM), VHHSs are applied as dilution series in
an ELISA using the same setup as described in Example 2. Except for VHHs
ABII60OD2 and ABII6OHS, EC50 values can be calculated and are summarized in
Table X. The most potent VHHSs interacting with the N-terminal epitope of A-beta
(amino acids 1 to 16) or the central epitope of A-beta (amino acids 12 to 28) are
10 determined to be ABII42D4 (EC50 of 14.2 nM) and ABII60A10 (EC50 of 4.9 nM),

respectively.

VHHSs that give detectable signals against BAM are tested for binding to A-beta
peptide aggregates (BAA) in ELISA, applying a similar set-up as described in

15 Example 2. Antigen is prepared and immobilized as described in Bohrmann et al.,
1999, J Biol Chem 274: 15990-15995. In short, 100yl of 10ug/ml of A-beta(1-40)
diluted in TBS buffer (560 mM Tris, 150 mM NaCl pH 7.4 and 0.05% Na-azide)
from a DMSO stock solution of 2mg/ml synthetic A-beta(1-40) (Bachem) is
allowed to aggregate for 60h at 37°C. All VHHSs that recognize BAM also

20 recognize BAA and the respective EC50 values are summarized in Table X.

Table X: EC50 values for purified VHHs in BAM and BAA ELISA

\_IHH B-cell Epitope BAM I?LISA BAA E_LISA TR-FI_QET
lineage EC50innM |EC50in nM IC50 in nM
ABIME11 12-28 27.3 19.2 844~
ABII5D2 1-16 54 .1 11.7 >1000
ABII14D4 12-28 124 6.8 744
ABII35C7 12-28 1.9 1.3 206*
ABII35G2 12-28 10.7 5.4 645*
ABII35D2 12-28 37.5 12.8 773*
ABII42D4 1-16 14.2 0.9 46.8
ABII42B10 12-28 10.8 2.1 85.6
ABII42F5 12-28 411 20.0 228*
ABII42E10 12-28 17.5 26 205"
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51.9 1.9E-09 ABI 1009 82.8 52.2 1. 7E-09 ABI 1010 82.8 54.8 1.9E-09 ABI 1011
82.8 54.6 2. 4E-08 ABI 1012 82.8 53.5 1.5E-09 ABI 1013 82.8 52.2 1.6E-09

ABl 1014 8&0&082103501. 3E- 09 ABI 1015 82.8 55.5 PCT/EP2011/053090
ABI142G10 1-16 87.0 49.5 >1000
ABII6GOA10 12-28 4.9 0.8 11.1
ABII60G11 12-28 187 6.0 34.4
ABIlI60D2 1-16 >1uM ND ND
ABII6GOH5 1-16 >1uM ND ND
ABII61F6 12-28 469 14.5 967"
2D2 12-28 15.8 4.7 404>
2G6 1-16 98.6 7.2 >1000
Fab266 16-24* 1.8 1.8 0.52
Fab3D6 1-5% 1.8 0.3 3.4

ND: not determined; *: IC50 calculated from extrapolated curves

3.2 VHH binding to A-beta in solution (TR-FRET): Interaction of anti-A-beta
VHHs and A-beta peptide in solution are evaluated using a Time Resolved

5 Fluorescence Resonance Energy Transfer (TR-FRET) competition assay. In two
different setups, competition with either the A-beta(1-40) peptide — ABII42D4
interaction (N-terminal region specific) or with the A-beta(1-40) — ABIIGOA10
interaction (central region specific) are tested. For the assay monomeric A-
beta(1-40) (biotinylated at the C-terminus; Anaspec) labeled with streptavidin-

10 Europium chelate and VHHs ABI142D4 or ABIIGOA10 labeled with AlexaFluor647
are incubated for 1h with different concentrations of a non-labeled competitor
(VHH, 1gG or Fab). The labeled compounds are used at concentrations of 0.2 nM
(A-beta(1-40)), 50 nM (ABII42D4) and 10nM (ABII60OA10), respectively and the
fluorescence signal emitted upon binding interaction is detected at 665nm. IC50

15 values are determined in the ABII42D4 and ABII6OA10 TR-FRET assays
resulting in the following potency ranking for N-terminal region specific binders
tested: monoclonal antibody 3D6 (2.5nM) > Fab fragment 3D6 (3.4nM) >
ABII42D4 (46.8nM) > ABII5SD2 = 42G10 (>1000nM). The most potent central-
region specific VHH identified via this assay was ABII6OA10, shows an IC50 of

20 11.1 nM while benchmark antibodies gave IC50s of 0.50nM (monoclonal antibody
m266) and 0.52nM (Fab fragment of m266).

For comparative reasons, anti-A-beta VHHs as disclosed previously (the

"reference VHHs") are generated and purified as described above, using the
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1. 8E-09 ABI 1016 81.8 57.9 2. 4E-09 ABI 1017 82.8 59.4 2. 4E-09 ABI 1018 82.8
60.1 3.2E-09 ABI 1019 91.9 71.6 1.4E-08 ABII Q20 92.9 69.8 1.1E-07 ABI I Q21
90.9 69. W0.248/10850AB11022 89.9 68.6 1. 6E-08 PCT/EP2011/053090

sequence information as available from the international patent publications
indicated below:
VHHs 2D2 and 2G6: W02006/40153;
VHHs 3A, 1B, 11G, 4D, and 8B: W02007/35092; and
5 VHH 31-1: W02004/44204.
Amino acid sequences thereof are shown in Table XI.

Table XI: Amino acid sequences of reference VHHs

VHH - SEQ
D A-beta binding reference VHHs ID NO:

2D2 AVQLVDSGGGLVQAGGSLRLSCAVSGGTFSSIGMGWFRQAP | 132
GKEREFVGAISRSGDSTYYADSVKGRFTISRDGAKNTVYLQM
NSLKDEDTAVYYCAGRPAGTAINIRRSYNYWGQGTQVTVSS

2G6 QVKLEESGGGLVQPGGSLRLSCAASGFTFSNYWMYWVRQAP | 133
GKGLEWVSTISPRAANTYYADSVKGRFTISRDNAKNTLYLQMN
SLEPDDTALYYCAKSLRYRDRPQSSDFLFWRQGTQVTVSS

3A AVQLVESGGGLVRDGDSLRLSCAASGRTFSSYVMGWFRQAP | 134
GKEREFVAAIGWSGGSTAYADSVKGRFTISRDNARNTVYLQM
NSLKPEDTAVYYCASAPTRWVPRDSRFYDRWGQGTRVTVSS

1B QVQLQESGGGLVQPGGSLRLSCAASEFTLDYYSIAWFRQAPG |[135
KEREGVSCISSYDGSTSYADSVKGRFTISRDNAKNTVYLQMNS
LKPEDTAIYYCAAGIRDWATLREYEYDDWGQGTQVTVSS

11G QVQLQESGGGLVQPGGSLRLSCAASGSIFSINTMAWYRQAPG | 136
KERDLVAAIISSGSTNYADSVKGRFTISRDNTKNTVYLQMNSLK
LEDTAVYYCNAAIRRSVIDAWGAYWGQGTQVTVSS

4D QVQLQESGGGLVQAGGSLRLSCAASGRTFSSYAMGWFRQAP | 137
GKEREFVATIRWNGDYADSVRDRFTISRDDAKNTVFLQMNSL
KPEDTAIYYCAARLGPRTSQAALYRYWGQGTQVTVSS

8B AVQLVESGGGLVQAGGSLRLSCAASGRTFSSYVMGWFRQAP | 138
GKEREFVAAIGWSGGSTAYADSVKGRFTISRDNARNTVYLQM
NSLKPEDTAVYYCASAPTRWVPRDSRFYDRWGQGTRVTVSS

31-1 AEVQLQASGGGSVQPGGSLRLSCAASGFIFGWSTMSWVRQA | 139
PGKGLEWVSTISGGGSATTYTDSVKGRFTISRDRAKNTLYLQM
NSLKPEDTAIYYCNADVSTGFRYQRKDYWGRGTQVTVSS

10 Compared to the reference VHHs 2G6 (N-terminal region specific) and 2D2
(central-region specific), VHHs 42D4 and 60A10 show > 21fold and 36fold
improved IC50s, respectively (cf. Table X).

3.3 Determination of the affinity of A-beta peptide — VHH interaction: Affinities
15 for the A-beta peptide — VHH/Fab interaction are determined via surface plasmon
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AB11023 90.9 64.7 5.8E-09 AB11024 89.9 63.6 6. 0E-09 AB11025 90.9 70.3
1. 8E-08 AB11026 91.9 66.8 5. 1E-09 AB11027 90.9 65.3 4.4E-09 AB11028 90.9
73.8 1. 1BW020ABD1H29 91.9 74.3 8. 9E-08 ABI 1030 PCT/EP2011/053090

resonance (Biacore) using C-terminally biotinylated A-beta(1-40) captured on a
streptavidin sensor chip as described before (Example 2). Purified VHHs or Fab
fragments are injected at 5 different concentrations (between 2.5 and 300 nM for
ABII42D4 and ABII6OA10) for 2 min and allowed to dissociate for 10 min. For

5 ABII42D4 but not for ABIIGOA10 association and dissociation curves can be fitted
using a 1:1 interaction model (Langmuir binding) and an accurate Kp value can
be determined. The affinities are found to be 16nM for VHH ABII42D4, 5.1nM for
the Fab fragment of 3D6, and 0.3nM for the Fab fragment of m266, respectively.

10 3.4 Epitope mapping via surface plasmon resonance: Binding specificity of the
VHHs are determined via surface plasmon resonance (Biacore) using A-beta(1-
16) (biotinylated at the C-terminus; Bachem) and A-beta(12-28) (biotinylated at
the N-terminus; Bachem) peptides are captured on a streptavidin sensor chip as
described before. Five of the VHHs listed in Table IX above are found to interact

15 with the N-terminal region of the Abeta peptide (ABII5D2, ABIl142D4, ABI142G10,
ABII60OD2 and ABII6OHS), and 11 VHHSs are found to interact with the central
region (ABII1E11, ABII14D4, ABII35C7, ABII35G2, ABII35D2, ABII42B10,
ABII42F5, ABII42E10, ABII6OA10, ABII60G11 and ABII61F6; cf. Table X).

20 3.5 In vitro A-beta aggregation assay: VVHHs are tested in an in vitro A-beta
aggregation assay to assess whether aggregation can be inhibited or reduced. In
vitro A-beta aggregation is measured using Thioflavin T (ThT) fluorescence,
which undergoes a typical red shift upon A-beta fibril formation (Levine, H. 1993.
Protein Science (2): 404-410). For the assay, stock solutions of synthetic A-

25 beta(1-40) (Bachem) in 100% DMSO and ThT in 25 mM glycine-NaOH pH8.5 is
prepared and stored at -20°C. Before usage, the A-beta(1-40) stock solution is
diluted to 56 pM in aggregation buffer (50 mM sodium phosphate, 100 mM NacCl
pH5, 0.02% NaN3). Fab fragments and VHHs are tested as dilution series in D-
PBS using concentrations between 56 and 7 uM. Equal volumes (20 ul) of the 56

30 MM A-beta(1-40) solution and the antibody/VHH samples or appropriate negative
control are mixed (in triplicate) and mixtures are incubated in low adhesion
microcentrifuge tubes for 48 hours at 37°C in a dark environment. After transfer of

30 pul of the incubated samples into a black 96-well flat bottom polypropylene
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plate (Greiner Bio-One), 250 pl of 2.5 yM ThT (stock solution diluted into 25 mM
glycine-NaOH) solution are added and the fluorescence signal is measured
(Envision, PerkinElmer). The maximum fluorescence signal of A-beta(1-40)
measured in the absence of competitor is set as 100% aggregation (or 0 %
inhibition). The maximum inhibition at the highest VHH concentration tested (28
MM) is calculated as an average of at least two independent experiments. While a
consistent background inhibition of approximately 25 % is detected for a non-
related (non-A-beta specific) VHH, monovalent Fab fragments 3D6 and 266 show
a reproducible dose-dependent inhibition with maximal inhibition of 79 and 85%,
respectively. Out of the panel of VHHSs tested, 14D4, 35C7, 35G2, 35D2, 42B10,
42F5, 42E10 and 60A10 show a consistent inhibition of 78, 82, 76, 73, 77, 79, 75
and 80% of peptide aggregation, respectively (higher than the 25% background

inhibition induced by the non-specific control VHH).

Example 4: Affinity maturation of VHHs

VHH ABI142D4 is subjected to two cycles of affinity maturation. In a first cycle,
individual CDR residues are mutated to all other 19 amino acids. The following
residues are targeted: CDR1: G26-G35; CDR2: V51-N58; and CDR3: H95-Y102
(numbering according to Kabat). Mutagenesis is performed in a PCR-based
approach using degenerate oligonucleotides containing a NNS codon at the
mutated position. PCR products are pooled for each CDR and inserted via unique
restriction sites into the ABII142D4 gene template. Individual mutants are
produced as recombinant protein using an expression vector derived from
pUC119, which contain the LacZ promoter, a resistance gene for kanamycin, a
multiple cloning site and an ompA leader sequence (pAX100). E. coli TG1 cells
are transformed with the expression vector library and plated on agar plates (LB
+ Amp + 2% glucose). Single colonies are picked from the agar plates and grown
in 1-ml 96-deep-well plates. VHH expression is induced by adding IPTG (1mM).
Periplasmic extracts (in a volume of ~ 80 ul) are prepared according to standard

methods and screened for binding to A-beta(1-40) in ELISA and in a Biacore off-
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rate assay as described before (Example 2). Mutations at six positions (S30, T57,
L97, T100b, S100c, G100e) result in slightly (~2fold) improved off-rates.

In a second cycle, a combinatorial library is created by simultaneously
randomising the six susceptible positions identified in cycle one. For this, the full
length ABII42D4 gene is synthesized by overlap PCR using oligonucleotides
degenerated (NNS) at the randomisation positions and a rescue PCR is
performed. The randomised ABIlI42D4 genes are inserted into a phage display
vector (pAX50) yielding a functional library size of 6x10E7. Phages are prepared
according to standard protocols. The phage library is subjected to three rounds of
solution phase selection against (biotinylated) monomeric A-beta(1-40) using
streptavidin-coated magnetic beads (Dynal) for the capturing step. The antigen
concentration is decreased 10fold at each round starting from an antigen
concentration of 50nM at round one. Bound phages are eluted with trypsin (1
mg/ml) for 30 minutes and phage outputs are infected into E. coli TG1 for
preparation of periplasmic extracts of individual VHH clones. Screening for
binding to A-beta(1-40) in ELISA and in a Biacore off-rate assay (Example 2)
identifies clones with up to 10fold improved off-rates. The best ABI142D4 variants
are cloned into expression vector pAX100 in frame with a C-terminal c-myc tag
and a (His)6 tag. VHHSs are produced in E.coli as His6-tagged proteins and
purified by immobilized metal affinity chromatography (IMAC) and size exclusion
chromatography (SEC). The affinities of the purified VHHs are determined via
surface Plasmon resonance (Biacore) and IC50 values are determined in the
ABII42D4 TR-FRET competition assay (Example 3.2).

In an attempt to further improve the binding affinity, variant ABIIPMP111B5 is
used as template and divergent mutations found in clones ABIIPMP111E4 and
ABIIPMP111B4 are introduced one by one. The resulting variants are produced
in E. coli and characterized as described before. ABII111B5 M107R,
ABII111B5_M107E and ABII111B5_E109Q are identified as the best variants
with both, IC50 and Kp, being more than 10fold improved over original ABII42D4.
Sequence information and biological data for the variants mentioned above are

summarized in Table VIl above (first line: 42D4; lines 2 to 9: useful clones
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69.8 2.9E-08 AB11057 92.9 71.5 4. 6E-08 AB11058 93.9 68.9 7. 3E-08 AB11059
92.9 72.7 3.3E-08 ABI 1060 93.9 69.2 5.0E-08 According to the biological
dat a sunmwioi2aile@7iomn Tables VI and Xl | above, all of theCviH2mans300 S
listed therein can - at |least as internedi ates - be used for the
construction of the polypeptides of the invention. Specifically, for use in
humans, 5hunani zed VHH vari ants ABI 1003 to ABII 037 and ABI 1051 to ABII 061

will be p:}%{}&ﬁfﬁomﬁ%ﬁv\%‘& I HP&FHHH Yt oR, 1irFdONd 'Etgéé A %F@égf&re%e of

humani zat preservin e| rbi n I ng properties ar derived
from t he ogsuingafronl aﬂd&tlmarget&ﬂ mBkat@BS).deri ved from original clone
60A10. ABII1035 binds to the N-term nal epitope of A-beta and conprises CDR
sequences SEQ ID NGs: 14 to 16. 10ABI 1059 binds to the central epitope and

conpri ses g Ies HsRan2atdoNRIHE” to 19. Exanple 6: Conparison of the
humani zed VHHs to the reference VHHs 15Purified anti-A-beta reference VHHs

(Exanple 3.2, Table XlI) are tested for binding as described in Exarrple 3to

& bet a( 1- 105 SReiE kB s RANBZ VBl RTLIR PBTBGL | 1 cotoa

concent r aNBATY20 SELL IBND:32) Mndr ¢f3RE @intivebikta WRIREABIIGDAE0 HH&BIH(BO-lle 8B,
4D, 3A and VHH31-1 show bin @dg (> 10 RUs) to the sensor 20chip at a
q

concent r aSEéh QNQG@@) AN blag gﬁn%tdh@hul”dﬁf‘sg@@%'trh@dVH FRAYeRCesAptabase.
exper i mentry o (e f 5 e RS MM T HED: 805l &l @Y. REAQTMNS: 748 nHondth&fdEd

10 with JH5 showed the highest sequence identity to both VHH sequences.

Sequence DP-47/VH3-23:

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAIS

GSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK (SEQ ID
15 NO:140)

Sequence JH5:
NWFDSWGQGTLVTVSS (SEQ ID NO:153)

20 17 and 10 amino acid residues of ABII002 and ABII050, respectively, were
substituted for humanization purposes creating a number of different variants of
each VHH. All variants were assembled from oligonucleotides using a PCR
overlap extension method, cloned into an expression vector (pAX100) and
produced in E.coli. The sequence information and binding data for the obtained

25 variants of ABII002, i.e. ABII003 to ABII037, and for the obtained variants of
ABII0050, i.e. ABII051 to ABIIO61, are summarized in Table VIl above (lines 19 to
53 and lines 55 to the last line 65, respectively). Table Xl additionally lists the
degree of humanization of ABII002 to ABII036 and ABII050 to ABII0GO.

30 Table XlI: Humanized variants of ABII002 and ABII050

Clone % huma- T (°C) Mean IC50 in
name nization TR-FRET (M)

ABII002 |77.8 57.5 2.0E-09
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WO 2011/ 107507PCT/ EP2011/ 053090 concentrati ons
t hus being nuch | ess potent than
i ndi cat i omoab1igwrioace degradati on was det ected
bi nding of this set of
bi nd nononeric A-beta in nultiple ELI SA setups

respectively,

Subsequent |y,

ref erence

of 1000 and 100 nM

ABI | 035 and ABI 1 059. No
duri ng t IReTEPRP@EMIONING .
VHHs is also verified to
(detection 5described in

Exanpl e 3), using distinct presentatlops of peptide formats such as
R AL P R I A
A- bet a( 1- BRBHGST @quturlngggg coqpegqxﬁtlons of 1 pg/m). For the
r ef er enceVHHs—B,—316G; 4D—3A—+ho—btndtnrgyt o nononeric A-beta is
det ect ed. | ABIIQOG | 8BRS LI SA482 y rle¥3kd¥ce VHH|108B show binding to
299 og2t oA 1630y Ve {ENeeTaEeRE, a0ove) 1000 M Corpar ed to the 202
val ues. Th@BU@@pIB@éﬁre suﬁﬁgri;ed .6B-0Babl e X1 a. Table X | a: .
bi i g cFAPURSE [ P2T o of 0TSt er acUEARL < A bt & VibE VEH Agoregation
I nhi biti OnABﬁ’gogll’nglg i on @2 26pM 1Bﬁl§/ld§_l SA EC50 in nM BAA ELI SA EC50 in nM
TR- FRET | E50—+n—AM-ABHH42P4{(N-termnal—epitope) ND 14.2 0.9 46.8 ABI 1035
(N-t er ni npABHB1Q@ 988854 (5 ||60A1@E(Q9entra| epitope) 80 4.9 0.8 11.1

ABIIO11 |82.8 54.6 2.4E-08

ABII0O12 |82.8 53.5 1.5E-09

ABIIO13 |82.8 52.2 1.6E-09

ABII0O14 |82.8 52.3 1.3E-09

ABIIO15 |82.8 55.5 1.8E-09

ABIIO16 |81.8 57.9 2.4E-09

ABIIO17 |82.8 59.4 2.4E-09

ABIIO18 |82.8 60.1 3.2E-09

ABIIO19 191.9 71.6 1.4E-08

ABI1020 192.9 69.8 1.1E-07

ABII021 |90.9 69.9 2.4E-08

ABII022 |89.9 68.6 1.6E-08

ABI1023 190.9 64.7 5.8E-09

ABII024 |89.9 63.6 6.0E-09

ABI1025 190.9 70.3 1.8E-08

ABIIO26 |91.9 66.8 5.1E-09

ABII027 |90.9 65.3 4.4E-09

ABI1028 190.9 73.8 1.1E-08

ABII029 191.9 743 8.9E-08

ABII030 |89.9 73.7 1.2E-08

ABIIO31 |88.9 72.1 1.3E-08

ABII032 |89.9 68.3 4 9E-09

ABII033 |88.9 66.2 4.0E-09

ABIIO34 |89.9 72.5 1.0E-08

ABII035 190.9 68.7 4.0E-09
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ABI 1 059 (central epitope) 80 2D2 (central epitope) 69 15.8 4.7 404* 2&6
(N-termnal epitope) 29 98.6 7.2 >1000 1B ND No bi ndi ng No bi ndi ng No
conpetitiwo 201@0MD7No bi ndi ng No bi ndi ng No conpetiti onP8B/EHRRYINOSIPNAI Ng

ABII036 |89.9 67.5 3.5E-09
ABII050 |83.8 68.5 1.9E-08
ABII051 |88.9 66.2 1.8E-08
ABII052 189.9 66.1 1.9E-08
ABII053 |89.9 67.3 2.0E-08
ABII054 189.9 62.0 5.1E-08
ABII055 |89.9 66.2 2.2E-08
ABII056 |89.9 69.8 2.9E-08
ABII057 192.9 71.5 4.6E-08
ABII058 193.9 68.9 7.3E-08
ABII059 192.9 72.7 3.3E-08
ABII060 193.9 69.2 5.0E-08

According to the biological data summarizied in Tables VIl and Xll above, all of
the VHH variants listed therein can - at least as intermediates - be used for the
construction of the polypeptides of the invention. Specifically, for use in humans,

5 humanized VHH variants ABII003 to ABII037 and ABII051 to ABII061 will be
preferred. Particulary useful variants, showing a high degree of humanization but
preserving their binding properties are ABII035 derived from the original clone
42D4, and ABII059 derived from original clone 60A10. ABII0O35 binds to the N-
terminal epitope of A-beta and comprises CDR sequences SEQ ID NOs:14 to 16.

10 ABII059 binds to the central epitope and comprises CDR sequences SEQ ID
NOs:17 to 19.

Example 6: Comparison of the humanized VHHSs to the reference VHHs

15 Purified anti-A-beta reference VHHs (Example 3.2, Table XI) are tested for
binding as described in Example 3 to a SA sensor chip coated with C-terminally
biotinylated monomeric A-beta(1-40). While ABI1035 and ABII059 showed RU
levels > 50 at injected concentrations of 11 and 3 nM, respectively, none of the
VHHs 1B, 11G, 8B, 4D, 3A and VHH31-1 show binding (> 10 RUs) to the sensor

20 chip at a concentration of 1000 nM under the conditions tested. In the same
experiment, reference VHHs 2G6 and 2D2 show RU levels > 50 at injected

-95-



>1000 nM No conpetition WO 2011/107507PCT/ EP2011/ 053090 4D ND No bi ndi ng
No binding No conpetition 3A ND No bi nding No binding No conpetition V31-1
(C-term epoopeln7dND No bi ndi ng No bi ndi ng No bi ndi ng Falp2@®@&Pecians3ioad
epitope) 82 1.8 1.8 0.52 Fab3D6 (N-term nal epitope) 82 1.8 0.3

concentrations of 1000 and 100 nM, respectively, thus being much less potent
than ABII035 and ABII059. No indication of surface degradation was detected
during the experiment. Subsequently, binding of this set of reference VHHs is
also verified to bind monomeric A-beta in multiple ELISA setups (detection

5 described in Example 3), using distinct presentations of peptide formats such as
captured A-beta(1-40) (C- or N-terminally biotinylated), directly immobilized A-
beta(1-40) and A-beta(1-42), GST-A-beta(1-42) or A-beta(1-42)-GST (capturing
at concentrations of 1 ug/ml). For the reference VHHs 1B, 11G, 8B, 4D, 3A no
binding to monomeric A-beta is detected. In the BAA ELISA only reference VHH

10 8B show binding to aggregated A-beta at VHH concentrations above 1000 nM.
Compared to the 2D2 and 2G6 VHHs, the ABII035 and ABII059 VHHs show > 50
fold higher EC50 values. The results are summarized in Table Xlla.

Table Xlla: Comparison of binding characteristics of 42D4 and 60A10 derived
15 VHHSs with binding characteristics of reference anti-A-beta VHHs

VHH Aggregation | BAM BAA TR-FRET
inhibition ELISA ELISA [IC50 in nM
(% inhibition | EC50 in | EC50 in
at 26uM) nM nM
ABII42D4 ND 14.2 0.9 46.8
(N-terminal epitope)
ABII035 54
(N-terminal epitope)
ABII6OA10 80 4.9 0.8 11.1
(central epitope)
ABII059 80
(central epitope)
2D2 (central 69 15.8 4.7 404*
epitope)
2G6 (N-terminal 29 98.6 7.2 >1000
epitope)
1B ND No No No
binding binding (competition
11G ND No No No
binding binding (competition
8B ND No >1000 No
binding nM* competition
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Example 7: Binding of anti-human A-beta VHHs to rodent A-beta (ELISA and

Biacore)

Binding of VHHSs as obtained above to rodent A-beta is assessed in ELISA.

Mouse (Bachem) or human A-beta(1-40) (Anaspec) are coated at 2 ug/ml onto

Maxisorp plates and binding of VHHs and, for comparative purposes, Fab

fragments, is detected via a mouse anti-myc antibody and an anti-mouse-HRP

conjugate (DAKO). EC50 values are determined for the Fab fragment of 3D6,
VHH ABI1002, and VHH ABII035. The results are listed in Table Xl below
(average of minimally two independent experiments).

Table XIlI: EC50 values for binding to human and mouse A-beta
Clone human A-beta(1-40) | rodent A-beta(1-40)
EC50 (nM) EC50 (nM)
ABII002 1.8 3.3
ABII035 25 5.7
Fab3D6 4.2 110

While 3D6 Fab fragments bind mouse A-beta significantly less than human A-
beta (26 fold difference), ABI1002 and ABII035 bind equally well to both (1.8 and
2.2 fold difference, respectively), indicating that ABII002 and its humanized

derivative ABII035 recognise an epitope that is distinct from the epitope

recognized by 3DG6.
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Exanpl e 8: Generation and characterization of biparatopic anti-A-beta VHH
constructs 10VHHs ABI 142D4 (recognizing the N-term nal region of the A-beta
pepti de) wodoMHA7ABI | 60A10 (recogni zing the central regiPOm)EP201@/0F308@d Vi a
flexible glycineserine linkers (e.g. 9GS GGGGSGEEG SEQ ID NO 141) to
create bivalent VHH constructs. Four biparatopic constructs (conprising two
VHH domains with different epitope specificity) differing in linker |length
and orientation are explored 15in nore detail: AB1142D4-25GS- ABI | 60A10,

ABI | 60A10- 25GS- AB1142D4, AB1142D4- 35GS- ABI | 60A10 and

ABI | 60A1083£d;B$3 ABWKZB&Isandncmmam@dumnrAdqmié fuetheHeis sk ssedon Batpre si ng
two identic

VHH h. he 142 9GS- ABI 142D4
bonst ruct Miiihg iondaphedstes SerloE: caated Pes oty dhto kB maNo WTBHIE I 0
E. col | T%ﬁmk/lté RPN FAcShtAsbom e £ UeR0a8 AT BSHARS ol T

protein A) and size exclusion chromatography (Superdex75 or Sephacryl
S100) 5 resiiet huganisadens purity as assessed via SDSPAGE. 8.1 TR-FRET bi ndi ng
assays: Binding of the biparatopic VHH constructs to A- 25beta(1-40) is
eval uated using the ABI 142D4 and ABI | 60A10 TR- FRET assays (Exanple 3.2).

Whi | e t he Bxawsplers: Géidration P chBrdcteRdation Ufbiparatbpic anlizA-betd VEHIH | y
i nproved 1050 (3.2 fold inproved vs. nonoval ent ABI 142D4), the bi paratopic

VHHs are §@PBEUStRgly found to bind significantly stronger to the A-beta
pepti de than the nonoval ent buil ding bl ocks and the 3D6 and n266 Fab
30fragnments (Table XIV) as well as 3D6 and n266 1gG (3D6 and nR66

ful | -1b engMHH®ABEHK2DE! (rectgnizie ¢sg N-tbiomithaf feyiem oéthenAfbet@ peptide) dralind

At NI R S R T
(é)(;ﬁpng![ Tt orCiet A S R LS eh s 14 AR R T etar s oo
0. 050 ABI MsALORSBESs AR 4 DeErato @6 SoAs U@ Addmpssing ABd M4 otnaids wikBl 142D4
different epitope specificity) differing in linker length and orientation are explored
15 in more detail: AB1142D4-25GS-ABII60A10, ABII60A10-25GS-ABII42D4,
ABI142D4-35GS-ABII60A10 and ABII60A10-35GS-ABII42D4 and compared to
respective VHH dimers (comprising two identical VHH domains, such as the
bivalent ABI142D4-9GS-ABI142D4 construct). The biparatopic and
dimeric/bivalent VHHs are produced in E.coli TG1 cells and purified using affinity
20 chromatography (IMAC or protein A) and size exclusion chromatography
(Superdex75 or Sephacryl S100), resulting in > 95% purity as assessed via SDS-
PAGE.

8.1 TR-FRET binding assays: Binding of the biparatopic VHH constructs to A-

25 beta(1-40) is evaluated using the ABIl142D4 and ABIIGOA10 TR-FRET assays
(Example 3.2). While the bivalent ABII42D4-9GS-ABII42D4 construct show only a
slightly improved 1C50 (3.2 fold improved vs. monovalent ABII42D4), the
biparatopic VHHSs are surprisingly found to bind significantly stronger to the A-
beta peptide than the monovalent building blocks and the 3D6 and m266 Fab

30 fragments (Table XIV) as well as 3D6 and m266 IgG (3D6 and m266 full-length
monoclonal antibodies). No difference in potency is found between constructs
with different linker lengths and orientations.
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51 AB1142D4-9GS- ABI 142D4 16 ABI |1 60A10 >1000 n266Fab >1000 3D6Fab 17 60A10
TR- FRET assay Conpetitor 1050 (nM AB1142D4-25GS- ABI | 60A10 0. 066
AB1142D4-86C8H1ABI3060A10 0. 084 ABI | 60A10- 35G5- AB1142D4 0PCPEP2011/053090

ABI | 60A10- 25GS- AB1142D4 0. 091 ABI 142D4 >1000 AB1142D4- 9GS- AB1142D4 >1000
ABI | 60A10 30 nR66Fab 2.3 3D6Fab

Table XIV: IC50 values for biparatopic anti-A-beta VHH constructs and
comparative examples in ABI142D4 and ABII6GOA10 TR-FRET assays

42D4 TR-FRET assay

Competitor IC50 (nM)
ABII42D4-25GS-ABII60A10 0.047
ABII42D4-35GS-ABII60A10 0.050
ABII60A10-35GS-ABII42D4 0.055
ABII60A10-25GS-ABI142D4 0.043

ABII42D4 51
ABII42D4-9GS-ABII42D4 16
ABII60A10 >1000
m266Fab >1000
3D6Fab 17

60A10 TR-FRET assay

Competitor IC50 (nM)
ABII42D4-25GS-ABII60A10 0.066
ABII42D4-35GS-ABII60A10 0.084
ABII60A10-35GS-ABII42D4 0.091
ABII60A10-25GS-ABI142D4 0.091

ABII42D4 >1000
ABII42D4-9GS-ABII42D4 >1000
ABII60A10 30
m266Fab 2.3
3D6Fab >1000
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>1000 - 99 - WD 2011/ 107507PCT/ EP2011/ 053090 8.2 Determ nation of

bi ndi ng node: To explore the binding node of the biparatopic constructs, it
i s assesswo 20fvteton VHH bui | di ng bl ocks can bind si nul t zogmp201y/05399¢ he sane
pepti de nolecule. In a sandwi ch ELI SA, tag-less ABII60A10 or his-tagged

ABI 142D4 are coated onto a Maxi sorp plate and 5i ncubated with the
A-beta(1-40) peptide. The resulting VHH peptide conplex is then incubated
with the n A-bet a

pepti de eg%etg %tggg':/:aziﬁfw § HLO%IG ad gﬁl)lls}#e:o@r %ﬁ%gﬁ%&%ggﬁ bed before
(Exanpl e R)pard&iopd G@thcmeeinsfassemmlf bethuyH builtiimabliocs chatitdhe two VHHs

the A LoBEruimasshed Besarin eI meR e Ao HoBD IS SBrethoer
assay: G KA@“IIE‘OMUG% His @ég ABﬁ@ZBﬂf%‘?é%éte%oéntbsa MERRBID FF&‘?@'aHB the sensor
chip as described before (Exanple 2). ABII60A10 is injected at a saturating

concent r ainaivatgd w30 thﬂxﬂ“ﬁbﬁiaﬂ.’BBDhﬂeWQ d ha-regulting \4thl-deptide sompbelx isAf t er

resul 1 g 0 BHPRRBRKH Fle-ciFivg- BROed MhICREARe Hie B BabBidh ot BEED o one

does not pesstatpdptidarspitedei De@viibn Ria)tHe@m K&hg\yeﬂl@rmbdfastdé%cﬁdéﬁtb'ew@
bi ndi ng observed is due to the AB|I 142D4 - beta interaction

Det er m naflFégmele z)hg'rlﬂ'mﬁjisf@%@é b@ﬂi ﬁ%tUQEz'éd@ﬁﬁﬂgéhQHh@ﬁW@ﬁ"ﬁ'ﬂﬁgr aphy: Size
excl usi on ifferences
T si ze alSeRiEha e R EFbr SERR 0B UGS eSS, ke

The hbndi bgteﬂpaﬁlcm‘ bi par at opi c VHH constructs to thelr target can be
identified by anal ysing 25the protein conplex after incubating a 1:2 nolar
ratio of the respective VHH construct and the target protein. Therefore the
m xture Widiehs 2 h 67=1 f 1 I'ting peaks is
anal yzed f%ro?%ﬁcﬂﬂge Ieglp§5§%§€ggl %@iaﬁggl%%) mpr%gvf usi on
protein, bafinypted éabeia(‘aﬂ@)ﬂsminemtullmd mt@w‘semﬁoratﬁﬂﬁhdesmt&dabefarmononer

t he SE The, hj VHH f to.h 30al b 0
o 2. astraoierb ABTBORY G5 iid A AL 2t sut BB B e o0 A, ¢ o
identisfy whRligto Alsetdy 1pm)ats%ls@r\>éldHA¢ﬂend20%eoﬁas |00 A emNADP bR ng)

or two (= internol ecul ar bi ndi ng) A—beta(l 28)-p 38 fusion proteins, a 1:
mol ar r at PO0SM ARG Ozare qonivjecied)easulingt iiaaditional kiegling. e adalreld over

dsing an KA A AHeOA YRR s Tl fgsuom g oy BiRing, 10 =

preparat i %ﬁoerEethGKﬂielédefbrﬁmbwlimn@ dbbea@dd§d0e tSine ABM 280 Atepea gr ade, GE
Heal t hcare in order to separate the protein conplex fromthe single

pr ot ei ns. '”fﬁ'@ @P filtration produced two peaks which are further 5
anal yégd by SDS- PACGE using the automated el ectrophoresis station Experion
(Bi 0-Rad, USA) and the appropriate chip (Pro260 Chip, Bio-Rad, USA).
Anal ysi s @Qetéinein&ligreof the lv/ﬂdnaglmoddﬂatsin@fwzefrakaflus)ieaIchmnem'gnapfbm@lzé-iH and

t he A-Dbeta( 38 fusion in whereas the snall peak_contai ns only
the A-bet &(‘él@@ﬁc Q@GFQ%?BWBé'gﬁEg?ﬁpar‘ﬁ &S @Fcoplingdpgifierences in

A bet a( 1- 2)-p3he p;p%ilserihw 4 ol A reBRI YAl Q%bﬁ‘fn% sk b ¢ he

Experion data ana S SO wei ghts of the protel
measur ed wade QﬂmpmsqmchHlaucenstBucbimOﬂmur tan@etﬁsanebexqasﬂﬂednbv@mapngm n and

101 kDa f the 60A10-27CH-42D4- Th d ti
and thor el RTSIRCOIIh St eLbgtne B8 ol B a8 revachre ST o o
A- bet a( 1- 28nstAFd afanth@ﬂar@e@b%temarmercé’f@ré%lmga&é% ‘b%%p%'r@te@EtWSE@i n,
respectively. Therefore, the ratio of bet a(1-28)-p38 to 60A10-27Ch-

42D4- Al b iendtthe canwrﬁ%eﬁthﬁrr@seltlngcp@@bs@am@ymw DIO@IFHQ@”QB@@FDQHOF@%ISm xed

at a nol ary r f gone
bi par at op|A &hﬁ?an( n%gl)'@seﬁtsmﬁ %‘Jéli%ﬁ @g\w&é a Cﬁ'%ﬁﬁgp%élggﬁlagg%ﬂ%ﬁtecul e within
one and t RBa$airs 4s beh@wdméuemtthe smdml@bﬁpatré\t@pﬁfwﬂ foeed (@ huaianl srgim not
pri marl ly) act via cros

albumin (60A10- 27GS 42D4-Alb) has a calculated molecular weight of 95 kDa. In

order to identify whether the biparatopic VHH binds one (= intramolecular

binding) or two (= intermolecular binding) A-beta(1-28)-p38 fusion proteins, a 1:2

molar ratio of the VHH and the target protein is mixed, incubated over night at
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20l i nki ng of A-beta-nol ecules via the bivalent VHH constructs. 8.3
Crystallization studies: For crystallization, ABII035 and ABII 059 (160 pM
each) arewDnoubar®d with 3-fold nolar excess of human APOEER2@ep530d€
(residues 1-24) for 16 hours and the conplex is purified by size exclusion
chr omat ogr aphy. 25The conplex is concentrated by diafiltration to a
concentration of 4 ng/n1 Crystallization trials are set up as sitting drop

vapour di f4f’(‘3'sdn%|”a R8"th Y §is éﬂﬁm&g%@# ((9[? k%@gthﬁ?r‘ég A) 00 nl of

reservoir sol ut| aga| nst a ré&servoir v st'al's appear
aft er seveoabirtdis \Muthjarprapararuvetsyzeoéxcﬂils‘lcbrecelumrcthhtioad @61-‘50 Superglekhese t he

PEGI500. @) Eh grafe T Eliais b SAL B s e ot e Wb BRIy b 5.

35% PEGL5@8h @f@buﬁ#l@%}ofé‘ﬁ?%é’@él Hiltk At &oﬂh&é@ﬂﬁ@ge@ﬁé Wh@éfﬁar@oﬁ;FtﬁéF ed at
the beam ine 65A of the swss |Tght source at aul - Scherrer Institute

in Vibligenalysed tydsDERAGELEING thmalztommemmpmatmlosmnon t he

Tyt Bl SHBHCYS S PRLREUL 1t P LRI G SR el Lo

conpl ex donehe eMbﬁrévbsﬂ@thatﬂlﬁ'éMdlﬁ|pebﬁfc@nlﬁ1$§the/WHEhamd5tHeOAlbé¢b(by tWO
nol ecul es of A- Sbeta peptide. The asymmetric unit of the cr%/stal IS

occupi ed B9)-Pwd fesion peateinswhacaasrtbe smiies Reakcantainponlyihe Mo @@l(ﬂ'@§)'of each
A- bet | t
al pﬁafjlhgle E’)gﬁg%lgﬁ Sét%aﬁflw%rﬁgg'f‘%ues I—ﬁgsa'[n‘ijju,ggegaé %@St@sg)ﬁr angém esi dues

1to 1&4hotheﬁe<bmptexaare denermmmgd nmstngI the BildridddaAadnalysizgsditvesre. Aapl, Ala2,
Glu3, Phed, Asp7, an 4 direct 10 contact ABIIQ35. Re ue 51to 24
of A-bet amalecylar YWe ?@ﬁetwowfr SHFRS \é{%#@eéﬁe%owﬁéi k&%@é? 8/a118,

Phel9, Ph%@@etagﬂ:&az%’sucﬁmﬁrﬁﬁ%%d@0"1%55YOPtH@te@m0“@?@@5@2 4-Al8 Br lgi‘#.tion to

t he above econes clear fromthe crystal structure t at A 35 15and
ABI | 059 cdhebnheasured moeceantdatidns aahinenefoe céleul@tedriodariy 3$ hd7t j@veoas| vy,

mode of | Rt G eI R-Setload) 6% bR Do i R U PR denced

by the abgv&ew Yéégféctﬁéu'yu‘rhe@%r‘éat@ ﬁé.o@%béta%ﬂuzswpt% tbBDAAQoPEESVat i on as
described in anpl e above: shows a peci es cross-reactivity

with r egaAaDﬂoAlboaém aAaItyéed pp@tgtri @t@mplexn% abﬁuty1 é@fqthv@ncb idphised @t @s

above. dat 1O RROSH Y Adue B8 Rl Sttbe ShitRRY e OREPHENG. T
is aSSUWEdlrtds&heftwd%”pﬁtoéeb@f angapeld pebtide MBIdCBRDwithintdiRe &&drthe same A-
25conformati on as human A-beta, making it Fﬂj’ rticularly useful as a tool

reagent (PeEpLIEURAND degs thetefpee nwv(@r\at st BakRtimarilyyart vis s&pss-
Ex le 9:
Conerari oinkAgef . Be BEhBIERIFIne BB SB0BIER' Y. i sea o

racteriza
30bi par at opi ¢ antl A-beta VHH constructs 9.1 Generation of constructs

bi par at oplic) ABSGizstipnSIIoY: FperumalRanpn; ABLOSs pERARID T LD 102 - wo
2011/ 1075Q20GTHERRBIH 83 IR EScAomiphal Aol GRBBYIGANS! on 10

an al bumn ng VHH (as descri in W2004/ 041 PEGy| ati on
of a Cys re¥t)dae16 boatseand thet wnpielxkepubﬁed\bgmM—McImuom:htdmaiﬁgrmh'yl nus of

ol burff . TRE TG Sreoraep Ueisrhpggrtraiion 18 & ConcenliaBR ot MGIRT =" ™
Crystallization trials are set up as sitting drop vapour diffusion experlments by
mixing 200 nl of protein with 200 nl of reservoir solution against a reservoir
volume of 100 pl. Crystals appear after several days under a variety of different
conditions, among these the following is used to determine the structure: 100 mM

30 MMT buffer pH 5, 25% PEG1500. Crystals are treated with cryo-protectant (85
mM MMT buffer pH 5, 35% PEG1500) and flash-frozen with liquid nitrogen. Data
are collected at the beamline 6SA of the swiss light source at the Paul-Scherrer

Institute in Villigen, Switzerland.
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5are explored with biparatopic VHH constructs conprising the ABII035 and

the ABI 1059 VHH domai ns! buil ding bl ocks. Constructs ABII314 to ABI 1323 are

gener at edwoialigen®7assenbl y usi ng appropri ate sets of oPeT/ERPEI1063090

ol i gonucl eoti des. Sequence |IDs and ami no aci d sequences of ABII1314 to

ABI 1323 are listed in Table XV. In constructs ABII 314, ABII 315, ABI 1322 and

ABI 1323, 10buil ding block ABI 1059 is fused to ABII1035 via a Ay-Ser |inker

of different length (as indicated in Table XV), containing a cysteine

resi due for conjugation with PEG (at the position as indicated in Table
Consin thet arysial sBuétuteoABINidedule aiNBIH03] AfpideOi aad laypdptidieetervisks

AB|i035 ABI | 059 d ALB8 (h i.zed j | b VHH wi th
bum s cTou RiaaB i bpl pertds Tibsipies Ao 00m B B e miiex. dai AT By
ei ther 9- dﬂﬁe@z’%ﬁa'dn“é‘fﬂf §araTQPo@t9fhﬂere't’Wrﬁck§||§%ﬁnéd‘ bﬁ\%%éﬂ&@l@%%’my

optionally additionally include a hexa-histidine tag”and/or other tags for
e. g. faci betapeptifiepdiefasymmetiicafnit dfghe esydtal la@Cpuplngdéth@e@f theedl e XV:

eber p. - CTBHUBR WA AP é{?ﬁe‘%@és% S PSR "
WFRQAPGKGREIHE8YVRSIVies MYoLIPYKERIeth 3 dBEhNSHIDAE-K3MEaL BHIHOIANNO ALSdRes Al NVR
RSYSSWGQGTL VTVSSGEEGECEEEGSGEEGSCEG, GSGEEGES GGGGSEVQL L ESGGEL VQPGGS

L RL SCVHSGH Pt POTRrEReRipcHas- Residr oastoR] ANeADREETS NS RINER NG A9 L Q\/NSL RPE

LA CAAERR SIS ANTYSS 58, TG M, r3h90eblat > 095 142

WFRQAP GKGeEirds AW BREGY SRESIADEYHGRE D4So HMINBIEING MY InQvbiKiniyRD TABNOSPAAY RGTAI NVR

o A L A A R A S A

TLVTVSS Oggﬁtg%ﬁg”g??h C at position 5-035 143 - 103 -
2011/ 1075 / 053090 ABI | 316 EVQ.LESGGG.VQDGGSLRLSCAASGRTFNNYNI\/G

V\FRQAPG(C—REFVAAVSRSGVSTYYADSVKG?FTI S RDNSKNTVYLOQWNSLRPEDTAVYYCAAAYRGTAI

fﬁ§§%¥ HTGRPIR e GBIV @E&%@?L‘%vssee

CCESCHSEV Wme% WB%B@A%@E\%AWXNW NYADS
VKGRFTI SRONSKNTAYLQVNSL RPEDTAVYYCAAHR FVWGGNRVEDWRYWGQGTLVTVSS

confirming the results as obtained in Example 8.2 above.

Furthermore, the mode of interaction of ABII035 with the A-beta derived peptide
as evidenced by the above crystal structure data is consistent with the

20 observation as described in Example 7 above: ABII035 shows a good species
cross-reactivity with regard to rodent A-beta peptides. The only sequence
differences between human and rodent A-beta are R5G, Y10F and H13R.
According to the above data, none of these residues form contacts to the VHH.
Therefore it is assumed that rodent A-beta can bind to ABII035 in the same

25 conformation as human A-beta, making it particularly useful as a tool reagent
(research tool) for assays involving rodent animal models (producing rodent A-
beta peptide), such as mice or rats.

Example 9: Generation and characterization of half-life extended humanized
30 biparatopic anti-A-beta VHH constructs

9.1 Generation of constructs ABI1314 to ABII323: For in vivo validation studies

with humanized biparatopic VHH constructs, different half life extension (HLE)

-102 -



059- 9GSAl1b8- 9GS035 34 ABI | 317 EVQLLESGGGE.VQPGGSLRLSCAASGRTFNNYNMG
WFRQAPGKGREFVAAVSRSGVSTYYADSVKGRFTI S RDNSKNTVYLQVNSLRPEDTAVYYCAAAYRGTAI NV
RRSYSSVWCREDRVIMMBEBEEESCEEESCEEEEGEE GGESGCEEEECEEESEEEESEVRL TABSGHNRGE
SLRLSCVHSGPTFRTDTMAWFRQAPGKGREFVAAVT WASGRI NYADSVKGRFTI SRDNSKNTAYL QVNSLRP
EDTAVYYCAAHRFVWGGENRVEDWRYWEQGTLVTVS  SGGEGESGGEGESEVQL VESGGEGEL VQPGNSLRLSCAAS
GFTFSSFGVBWRQAPGKGLEW/SSI SGSGSDTLYA DSVKGRFTI SRDNAKTTLYLQVNSLRPEDTAVYYCTI

EvoLLESoa YT 4 SRR R e R BB ARD e Y bsviare

ST e et € o enen s o )
QVNSL RPED'F&& BRR ﬂ(/é [GeilaasV; &5&5@@@%&
LRLSCAASGHEReRE RN EEFoE HoeRlear §@§QEEW%’F@§RWH§%‘@%SL RPED
TAVYYCTI GESLSRESOGTLVTVSS 059- 9GS035- 9GSALbS 36 ABI |

EVQL LESMWMMMWMHWWMFW%WMWW@FTI S

R

VSRSGVST W&W G@gpﬁg@&g@g@% %LPW SYSSWEQGTLVTVS
EVQLVES GNSLRL TFSSFGVBVWRQAPGK SSI SGSGSDTL YA
DSVKGRFTI SkappuceRtideonREAREEEsT MNs/ 3T B MBS RSISHAURNEy 95 AGEIS1 439 ARIIFS0 -

O LR R ST BTN 10078 e

RVE 035- 9GHAhy BHIoFCABNEL 2 (B1flisd0 16 ABMOBSER2 813K OSS0Mker of different length

YWEQGT L VTVSSGEEGES VESGGEG  LVOPGNSL RLSCAASGETFSSFGVBEWRQAPGKGLE
sl SOt VKBS AT SNARS HOVLICH P SR TOR A (RO GRBEOMIN TVSSGaaaS

71 SRONSKRIFYE AR AN G 1 RORHS VST IS S 48

ABI 1321 V@nﬁsmm@@wmmmaammwmlosg and ALB8 (humanized anti-

RQAPGKGRE VAAVT VKGRFTI %&} NSKNTAYL OV @E DT, VYY&XA/AHRFWGGI\IRVE
DVWRYWGQGT YRGS %ﬁ CIGECSISRLS §§Aﬁ‘%§% RQAPGKGLE
\/\X/SS|1§GSG§F?$hﬂéﬁ@§Méﬁ8%EIp§P§P%\ éﬂ@ew USBBRE@TAV&%CTh@%%hMWB@SGGGGS
GGGSEVQL LESGGGL VOPGGSLRLSCAAS RQAPGKGREFVAAVSRSGVSTYYADSVKGR

FTI SR%KWMMWWWW&MMHGWRW\MLW tag and/or

other tags for e.g. facilitating purification of the resulting polypeptides.

Table XV: Biparatopic VHH constructs ABII314 to ABII323

Clone Sequence information Descrip- | SEQ
tion ID
NO:
ABII314 | EVQLLESGGGLVQPGGSLRLSCAASGRTFNNYNMG 059- 142

WFRQAPGKGREFVAAVSRSGVSTYYADSVKGRFTIS | 35GSC
RDNSKNTVYLQMNSLRPEDTAVYYCAAAYRGTAINVR | with C at
RSYSSWGQGTLVTVSSGGGGCGGGGSGGGGSGGG | position
GSGGGGSGGGGSGGGGSEVQLLESGGGLVQPGGS | 5-035
LRLSCVHSGPTFRTDTMGWFRQAPGKGREFVAAVT
WNSGRINYADSVKGRFTISRDNSKNTAYLQMNSLRPE
DTAVYYCAAHRFVVGGNRVEDWRYWGQGTLVTVSS

ABII315 | EVQLLESGGGLVQPGGSLRLSCAASGRTFNNYNMG 059- 143
WFRQAPGKGREFVAAVSRSGVSTYYADSVKGRFTIS | 9GSC
RDNSKNTVYLQMNSLRPEDTAVYYCAAAYRGTAINVR | with C at
RSYSSWGQGTLVTVSSGGGGCGGGSEVQLLESGGG | position
LVQPGGSLRLSCVHSGPTFRTDTMGWFRQAPGKGR | 5-035
EFVAAVTWNSGRINYADSVKGRFTISRDNSKNTAYLQ
MNSLRPEDTAVYYCAAHRFVVGGNRVEDWRYWGQG
TLVTVSS
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035- 9GSA1b8- 9GS059 (first E deleted) 39 ABI 1322
VCLLESGEELVCPGESLRLSCAASGRTFNNYNNENVFFQAPGKGREFVAAVSRSGVSTYYADSVKGRFTISRD
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VKGRFTI SRDNSKNTAYLQWNSLRPEDTAVYYCAAHR FVWGGENRVEDWRYWSQGTLVTVSS 059- 27GSC
with C at pOSItlon 14- 035 40 ABI1323 VCLLESGEELVCPGGSLRLSCAASGRTFNNYNNENV
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ABII319

EVQLLESGGGLVQPGGSLRLSCVHSGPTFRTDTMG
WFRQAPGKGREFVAAVTWNSGRINYADSVKGRFTIS
RDNSKNTAYLQMNSLRPEDTAVYYCAAHRFVVGGNR
VEDWRYWGQGTLVTVSSGGGGSGGGGSGGGGSG
GGGSGGGGSGGGGSGGGGSEVQLLESGGGLVQPG
GSLRLSCAASGRTFNNYNMGWFRQAPGKGREFVAA
VSRSGVSTYYADSVKGRFTISRDNSKNTVYLQMNSLR
PEDTAVYYCAAAYRGTAINVRRSYSSWGQGTLVTVS
SGGGGSGGGSEVQLVESGGGLVQPGNSLRLSCAAS
GFTFSSFGMSWVRQAPGKGLEWVSSISGSGSDTLYA
DSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTI
GGSLSRSSQGTLVTVSS

035-
35GS-
059-
9GS-
Alb8

37

ABII320

EVQLLESGGGLVQPGGSLRLSCVHSGPTFRTDTMGW
FRQAPGKGREFVAAVTWNSGRINYADSVKGRFTISRD
NSKNTAYLQMNSLRPEDTAVYYCAAHRFVVGGNRVE

035-
9GS-
Alb8-

38
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Table XVI: 1C50 values for half |ife extended anti-A-beta biparatopic VHHs
I n absence/ presence of al bumin. VHH I C50 (nM ABI 1002 assay | C50 (nM

ABI | 050 aweayiiMomwval ent VHHs and Fabs ABI 1002 2.9 NC ABCIEP2013/0530hC

ABI 1050 NC 6.3 ABI1059 NC 12.8 Fab3D6 3.4 NC - 106 - WO

2011/ 107507PCT/ EP2011/ 053090 Fab266 NC 0.52 Ml tival ent VHHs and IgGs

ABI 1315- PEG20 ABI 1315- PEG40

DWRYWGQGTLVTVSSGGGGSGGGSEVQLVESGGG | 9GS-
LVQPGNSLRLSCAASGFTFSSFGMSWVRQAPGKGLE | 059
WVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLQM
NSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSSGGGGS
GGGSEVQLLESGGGLVQPGGSLRLSCAASGRTFNNY
NMGWFRQAPGKGREFVAAVSRSGVSTYYADSVKGR
FTISRDNSKNTVYLQMNSLRPEDTAVYYCAAAYRGTAI
NVRRSYSSWGQGTLVTVSS

ABII321 | VQLLESGGGLVQPGGSLRLSCVHSGPTFRTDTMGWF | 035- 39
RQAPGKGREFVAAVTWNSGRINYADSVKGRFTISRD | 9GS-
NSKNTAYLQMNSLRPEDTAVYYCAAHRFVVGGNRVE | Alb8-
DWRYWGQGTLVTVSSGGGGSGGGSEVQLVESGGG | 9GS-
LVQPGNSLRLSCAASGFTFSSFGMSWVRQAPGKGLE | 059
WVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLQM | (first E
NSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSSGGGGS | deleted)
GGGSEVQLLESGGGLVQPGGSLRLSCAASGRTFNNY
NMGWFRQAPGKGREFVAAVSRSGVSTYYADSVKGR
FTISRDNSKNTVYLQMNSLRPEDTAVYYCAAAYRGTAI
NVRRSYSSWGQGTLVTVSS

ABII322 | VQLLESGGGLVQPGGSLRLSCAASGRTFNNYNMGW | 059- 40
FRQAPGKGREFVAAVSRSGVSTYYADSVKGRFTISRD | 27GSC
NSKNTVYLQMNSLRPEDTAVYYCAAAYRGTAINVRRS | with C at
YSSWGQGTLVTVSSGGGSGGGGSGGGGC*GGGGS | position
GGGGSGGGEVQLLESGGGLVQPGGSLRLSCVHSGP | 14-035
TFRTDTMGWFRQAPGKGREFVAAVTWNSGRINYADS
VKGRFTISRDNSKNTAYLQMNSLRPEDTAVYYCAAHR
FVVGGNRVEDWRYWGQGTLVTVSS

ABII323 | VQLLESGGGLVQPGGSLRLSCAASGRTFNNYNMGW | 059- 41
FRQAPGKGREFVAAVSRSGVSTYYADSVKGRFTISR | 35GSC
DNSKNTVYLQMNSLRPEDTAVYYCAAAYRGTAINVR | with C at
RSYSSWGQGTLVTVSSGGGGSGGGGSGGGGC*GG | position
GGSGGGGSGGGGSGGGGSEVQLLESGGGLVQPGG | 15-035
SLRLSCVHSGPTFRTDTMGWFRQAPGKGREFVAAVT
WNSGRINYADSVKGRFTISRDNSKNTAYLQMNSLRP
EDTAVYYCAAHRFVVGGNRVEDWRYWGQGTLVTVS
S

9.2 Production, purification and PEGylation of humanized half-life extended
biparatopic VHH constructs: Hise-tagged biparatopic VHH constructs ABI1314,

5 ABII315, ABII322 and ABII323 are purified via affinity chromatography (IMAC or
protein A), cation exchange chromatography (SP Sepharose, Source 30S or
POROS 50HS) and size exclusion chromatography (Superdex75 or Sephacryl
S100). At protein purity levels of minimally 90% (determined via SDS-PAGE and
subsequent Coomassie Brilliant Blue staining), PEGylation is performed.

-105 -



0.13 Not tested 0.28 0.31 ABI 1322-PEG40 0.14 0. 17 ABI 1323-PEG40 0.18 0. 20
ABI1316 0.19 0.31 ABII1316 + 10pM HSA 0.05 0.06 ABII317 0.29 0.49 ABII 318
0.13 0. 28waRBb1130%500. 26 0. 33 ABI 1320 0.25 0. 21 ABI | 059- 2PCBHRBLI103HINCA

10

15

20

Intermolecular S-S bonds of VHHSs are first reduced by adding DL-Dithiothreitol
solution (DTT) to a final concentration of 10 mM followed by 2 to 3h incubation at
room temperature or overnight at 4°C. The reducing agent is subsequently
removed via size exclusion chromatography (Superdex 75/200) in D-PBS running
buffer, collecting the main peak. Immediately after removing the reducing agent,
the biparatopic polypeptide construct is incubated with a 5fold molar excess of
PEG for 1h at room temperature or overnight at 4°C. The PEGylated polypeptide
is separated from free PEG and non-PEGylated polypeptide via cation exchange
chromatography (MacroCap SP). A final polishing step and buffer change to D-
PBS is performed via preparative size exclusion chromatography on
Superdex200 or Sephacryl S200. The quality of the purified PEGylated
polypeptide is verified via SDS-PAGE followed by CBB- and PEG-staining as
decribed before by Natarajan et al (1995) in Bioconjugate chemistry 16:113-121.

9.3 Characterization of half-life extended humanized biparatopic anti-A-beta VHH
constructs by TR-FRET: In order to compare the binding properties of the half-
life extended biparatopic VHH constructs described above to those of monoclonal
antibodies (IgG) 3D6 and m266, ABII315 to ABII320, ABII322 and ABII323 are
tested in ABII002 and ABII050 competition TR-FRET assays (see Examples 8.1
and 3.2). Average IC50s derived from at least two independent experiments are

summarized in Table XVI.

Table XVI: IC50 values for half life extended anti-A-beta biparatopic VHHs in

absence/presence of albumin.

VHH IC50 (nM) IC50 (nM)
ABII002 assay | ABIIO50 assay

Monovalent VHHs and Fabs

ABII002 2.9 NC
ABII035 3.5 NC
ABII050 NC 6.3
ABII059 NC 12.8
Fab3D6 3.4 NC
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0.19 0.18 AB11059-27GS- AB11035- MSA D3 0.10 0.12 1gG 3D6 1.9 NA 1gG n266 NA
no conpetition detected MSA: nouse serum al bumin MSA D3: donmain

0.53 NC
11

of noweeosiereoral bum n 51 n the ABI 1002 TR- FRET conp@®CirtErer 1as®ay ,

al |

hal f-1ife extended VHH constructs tested show a highly inproved potency
between 6.5fold and 14.6fold (for ABI 1315- PE&R20) conpared to 3D6 1gG (1050

of 1.9 nM. Wien conpared to | gG n266, all

VHH constructs show

significa 0 TR FRET ggnpeti i on assay,
with VHH Agﬁgégg havi ng the | owest |1050 ﬁco. 21 1pnM_0-Bfol d i hproved over
1 g&266. CofRa of nonoval ent VHH ABI 035, the tailored VHH
construct Lw Tﬂeg equﬁr]ﬁ%aﬂhqgﬁaénry (ARI 1315- PEE20) _show a 27f ol i npr oved
1050 in t haABANBNBOPRGPB- FRET conpetifti on @&stxy. VHH cond.28ct AB| 1320 show a
1561-fol d wmm\ququoency over norovaNgitedd&l! 05P i n thhg1ABI I 050 TR FRET
conpetiti pa—assay- 107 WO—261H107F50+PCEHEP2041653696—Fhe—{ ncr eased
pot ency of%@%r'ﬂé@éﬂopl c construdts ovér14 he mohonmeri@1Bui | di ng bl ocks
ABI | 035 a nfirnms the rgsults opfainedfwth non- humani zed,
non- mat ur e%ﬁgkls?’ E@? (Exanpl e 8. 1) andosi%ports t he h@ggt hesi s of
i ntranol ecgyz1Bi ndi ng of one bi parjat opi ¢ MiH constructg 8¢ one A-beta
pepti de 5\molecute (cf Exanple 83 above)l Furtherrpre these experinments
denonst r at ABIBdﬁth@uMdHSAI i fe ext gnsi on Ot@ﬁ:hnl ques apd.0éd to the VHH
construct Ag’i q%scrl bed—above do ngt— it re w i bi géii g of the
constructp I5de A-beta pepti de. To ass whet her t hd-6Pndi ng| of
ALB8- cont a wm@g VHH constructs to tlhe A-Rejf 10peptide g sgaffected by HSA
(as presept 1n the bl oodstrean), bilparatopic constructs equivaléent to
ABI | 316- ABAB3}@EQobut cont ai ni ng the |non- ht@n@@i zed VHH bL@ Bgl ng bl ocks are
t est ed i nbeth—eonpetitionTRFREassays+hprespree—and—absente of pM
anounts of ABIBEEI n. I n both assay flormat .2pre-i ncubati®d1with 6.5-10pM
hunman, dog hav] Foumn (1T he fatter I atbum n variants show ng 15n0
det ect abl epi(%{“togga%}th%%%wx%) do not % ect ppt enc if the TR FRET

ABII059-27GS-ABII035- 0.10 0.12

MSA D3

IlgG 3D6 1.9 NA

IgG m266 NA 0.53

5

10

15

NC: no competition detected
MSA: mouse serum albumin

MSA_ D3: domain lll of mouse serum albumin

In the ABIIO02 TR-FRET competition assay, all half-life extended VHH constructs
tested show a highly improved potency between 6.5fold and 14.6fold (for
ABII315-PEG20) compared to 3D6 IgG (IC50 of 1.9 nM). When compared to IgG
m266, all VHH constructs show significantly better IC50 values in the ABII050
TR-FRET competition assay, with VHH ABII320 having the lowest IC50 of 0.21

nM, 2.5fold improved over 1gG266.

Compared to the potency of monovalent VHH ABII035, the tailored VHH
construct with the highest potency (ABII315-PEG20) show a 27fold improved
IC50 in the ABIIO02 TR-FRET competition assay. VHH construct ABII320 show a
61-fold improved potency over monovalent ABII059 in the ABIIO50 TR-FRET

competition assay.
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assays. To test whether ALB8 can still bind to albumn in the context of

t he bi paratopic VHH constructs, a kinetic analysis of the VHH constructs
for bindiwg20o/@m7hi p 20 coated with HSA is perforned (BCcaEre&)/053090npar abl e
affinities were determ ned for nonoval ent ALB8 and the ALB8 fusion
construct tested, indicating that HSAbi nding of the ALB8 building block is
not affected. 9.4 Inhibition of A-beta fibril formation: In a further
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2011/ 10750B6¢d 06 IteFerORh Bﬁ%ir@g&df hededridtiuRis iothe A-BeResépticl. Y.
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m xed with the same concentration of streptavidin-Europi umlabel ed beads

and 4. 4nMeg$aWW.exaFl uor 647-1 abel ed ABI 1320. The fol |l ow ng non-| abel ed
conpounds are tested for conpetition: ABI1320, sAPPal pha, 1gG n266, |1gG
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over sAPPal pha. 309.6 Epitope mapping for biparatopic VHH constructs:
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inhibition with maximal inhibition of 82%. (Intact) IgGs 3D6 and m266 result in
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VHH can b'lﬁ‘ﬁwé@sé étqéb %@Wmt&ﬁ@ts@% be teir Wik AbEt g g& é?f\ﬁ/ ho the
red by

solid phase neas uorescence emssion froma se
directly pAbPPaiphanala paralélsetopasng bDruoy\Iatﬁd AfMaMHﬂ-O) instelad Osfol ut i on

e PheubBiaBHa RABF Bl ey Gt 2oklere o 37 Biosy DB 018 SR Wi AT ' o€ T

"Hi s. Xa. Abgta1-405 tken RAB' sAF&Dé!éﬁQ(mopééth@dtﬂé%eQ@d ektitfppael Qfaté)laf‘d' ng

t he unco Iexed VHHs. The structure of fusion protein is as follows:

H s-tag, highesconeeniraionayendicating madés%ltmf@émndjeg t@8-etakledO) nuri ne
p38 al phaoeglds,&lgﬁafp}h%. fol |l owi ng sequence: 25

30 9.6 Epitope mapping for biparatopic VHH constructs: A-beta(1-42) derived
peptides displayed as peptide microarrays (PepStar™) are used to determine the
epitopes of VHHs. PepStar™ peptide microarrays (JPT Peptide Technologies,

Germany) are customized peptide microarray sets for rapid screening of
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VHHHHHHI EGRDAEFRHDSGYEVHHQKL VFFAEDVGSNKGGSGGSQERPTFY RQELN KT1 W EVPERYQN
LSPVGSGAYGSVCAAF DTKTGH RVAVKKLSRPFQSI |

HAKRT YREDWRORBHNFRVI GLLDVFTPARSLEEFNDVYLVTHLMSGADLNNI VKPCT/EP2011/053090
COKLTDDHVQFLI YQ LRGLKYI HSADI | HRDLKPSNLAVNEDCELKI LDFGLARHT 30

DDEMT GYVATRWYRAPEI MLNWWHYNQT VDI WEVGCI MAELL TGRTLFPGTDH

| DQLKLI LRLVGTPGAELLKKI SSESARNYI QSLAQVPKMNFANVFI GANPLAVDL

LEKM_VLDS &.@Nﬁ-

SLTYDEVI S%&%@%&%@{%@é@%ﬁ@ﬁf nE& s% !I)n pr (g]teeﬁ)erP t=d36 Seoggpeessed in
Al e S e e

| st rumenfd) THESDTEB e e GRS DS SR e o SN ¢ h 0, 0296
NaN3, bl ogdtftinyd Fébrésérﬁtfhgﬁtﬁé flré‘t il %”ﬁ?sﬁb‘e\f’rfn% adfod dﬁﬂ@gefa(?*l -43h lare

experinments as solid phase. The Ki nExA experinments are conducted wth a
Ki nExA 3000mebdizedyikihemx@-teroingsf Upan inqusapbdyvid thesihdnthetlkinding. , USA) at

oo, STRLBNCE, bEBeii Py RO o R ML R O BB <7

0, 02% NaNanh@ddy’ngW@ct@@ra@barﬁ tNgAHepncentrati on. The 10m xtures of antigen
and VHH are incubated for 24h at roomtenperature prior to neasurenent. The

flowrate of the sanples and the |abeling antibody for all experinments is

measur eme At PR CIER P R SR B TPER R, Bl o4 [eenc0),

Alhexao 647§eemnuggaae¢l°cgoams ||an§llb|at®@'f2( A rat 4= Qdilh ﬁ@@q:lr obite biparatodic ?’I—H-HJove
This anti bod at a volu 500 ent 0,5
bl i BRedni e Al bt al B DR NN Bl RS AR R T Bnal |

?‘SF‘EELF&@V%@@E?y%§A>%t%%%?ﬁ§?ﬂgﬁgf5 I Rl
const ruct tesecoodrrafis nonbateddhjeda turnehéorstmla mlrpfnasenmse wahervaamlmaﬁem ng 500

of a rabbit antj-PEG |tomc a entratJ
Do/l n BBSSAER e Ticeang e R ot SR Bt P Crent i
conbipat i afe £lo2BA7 reBo@fﬁrwg"er%geqﬁeMMgﬂnbmbﬂd& WKGa@emfa?qwm
(Mol ecul ar Probes In at a concentration of 0,25 i N the sane

25buf f er . \AaShchuf@r@t atqe@c mrpaf@ﬁapg/ml\ﬁma@lhé&HHuﬁdwadofmorpra)g@am shown

dot er i ned TR A5 B TBN 230N e el FREER HRebubB bsfnddY ne” usw
at a concentibady Rreffoveéddypiacobatiry tIHBSner@érr@y ﬂ:ﬂ’e@ﬁme@rfdr i AlimiNabidron i ne
13 of the instrunment in conbination with 5 of an Al exa 647- COI’lj ugat ed

rabbit anie Wi @@éht(wﬁﬂre%lna&y thﬂr%lsj@slsldﬁl@d in @S?%nt%mgﬁ o $RBeng fertthene of 0,5
PO/ My 0 B SSTRAUL o w42, oSN kR PRI TP 0078930

eqU|I|br|um ralon daaareflttoa I'ng o APro
sof t war e mem Tine dlata are(Spehyzboneitth trsd SuamAtray Etxpress@S@()ftwél'dea‘rdim rPgrkiviHH

construct Earat opi ¢ VHH ABI 1320) is neasured at concentrations of 3, 5
and 10 p sanple volune is 5 mM each. The neasured KDis 1,1 0,3 pM

and 0,4 O, 1 pM 5i n the presence of 1% reconbi nant hunman al bum n. The
second VHH construct (biparatopic PEGyl ated VHH ABI 1322) is measured at
concent r aliseneesoft, geptile Spatadaginghd dieimectsnop#20 yol aresobtainet! whickacé. The

d KD M VHH t HSA-
orotdrn) PoalvEed it ieanansty dhmayhish Tetaiion ahe Yhit WRHFE voi une
is 5m eg @P’Eldg éarﬁrbésa‘é"sééisé@n'§s@m5qu9nt:ﬁaﬂ+@é’Man91e$ BhdiimeLda®on of the

pyrogl ut anyl - Abet a: ut a Glu) - A-beta is a maj or conponent of
neuritic plrajaiepia WHR trmt%”@&gdﬂﬁbthel Reptidefroicrealrays reyealisAhal on of the

5r esul 1 ASTOROITBRTGR AP Eeldh R 11T BB 1R8% o il oRbo € i Saolp
sequence etarpfﬂduca%ebeh@t regiauias Ppt h &1 @Y P18 iPtheedrduasp B3 62thef Abeea A- bet a
bept |3ge. -I;;relgtide are essential for the binding of the biparatopic VHH, which is consistent

with the data obtained from crystal structure analyses. The same results are

obtained using two other biparatopic VHH constructs which include the ABII035

and ABII059 VHH domains.
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first two N-term nal am no acids which are essential for full interaction
with anti body 3D6 are mssing. Affinities for the pGlu- A beta-

AB11320/ ABO28PI2Y0mG6/ 3D6 | nteraction are determ ned vi aPsUmPagia/0pd0a& mon
20r esonance (Biacore) using Ctermnally biotinylated pd u-A-beta(l-28)
captured on a streptavidin sensor chip as described before (Exanple 2).
Purified pol ypeptides ABI 1320 or ABI 1322 or anti bodi es n266 or 3D6 are
injected at 9 different concentrati ons (between 0.195 and 50 nM for

ABI 1320, 0.39-100 nM for ABI 1322 and 0.782-200 nMfor 3D6 and nR66) for 3
mn and ablouvRetetrnin2bdn o oticaigcdnstatid using kihstio exaltision aesdy JKsgo@)at i on

f d i 1: d KD I
can be doShenel Fiek Bistfatits Vit Gilsertr BRo 8 o5t B A 1520, "1 ot -
for ABI 1333terdftedMihgKinbRATRIE EAoIIRMH ABSafOKNEN RS Reshdidys wper ved

for the antibody 3D6. “30Exanpl e 10: Binding of "anti-A-beta VHHs To anyloid
pl aques -lm@abmtyl-uelsrnaawrprmq»cbﬂed mqiectulesmescdnwropha@ doaréing, R.J. and

amyl ot o pERabd iy Rpr AT arahRednbie) ThirFRRRRN bt e °

qual i tati weefsteinRs, Asssy andiDalg DelElopeneticehdolgRIBUES):647 (2@d)4)z|a$he

quantitative assessnent (mninmumeffective dosis MED) of 5the VHHs. For the
assay, cr \¥RHh n@ﬁho@ware%@@tqwnaﬁtm afuecempiexpd &/ hil ceolgeidepivpar ed,

rount e o EKZ0LTISHBER 435 1 EASSed Bolle, e ERLEfrBhod 020 C.

Cryosections are t ara orma ehyde (PFA)
for X0 m nut@rslpmxedc\ﬂ-lHSemeas;msecaby elxbesmgnnelbaMdnlgrna@e’a?ﬁb(hydrt@gehd
per oxi de for 30 m tes bl océed w th PBS cont 6}I ni ngl_ . 5% bovi ne serum

d

10al buni nPOBERA) mﬁ‘i"? @@9@‘5‘9@” ANEROPrE @rﬁg 4N NN COPRBIMA 't h a rryc-
t agged VHHeR/UeP% iPheolidr H%B rrfb&%?@ﬁq_ IR Briade |W%ﬁ?>|l|£éb ﬁn%%ﬁ

di ssol ved S cont al ni g 2. 5% |ces are then 1 ncu for 1.5
hours wi t kepOshagt mhomgmtha’nyiisasbetdatlonMéll-wﬂantlgewommtsl|0$|gh|f|aani body
(9E10) (S di,ssol.ved in PBS co 5% BSA except for
Siices 1oVREEbiechesa Y ivish ST osapiS3gy Yrihanudes comBlen & neubat ed
for 155 hRW&lCé‘N@Xd’@@é@%ﬂW Un&ﬁﬁpl@kb&'@ﬂ@é‘)VPiWéérﬁ)Blrfd\{%C’chérsohé%b%m' es)

prepar ed accordi ng to manufacturer's instructions, and visualised usi ng

Vect or VI Pheleragot of dregt Yidh thekkinds to e salichphass (ma@eyrad pydherescenceor di ng

5”m mut o EHEER VBRLS R SR0 At s BomaRb R Sl R el

and cl ear gdeN\oHIN M1 BbIBEON Physé €Bmpld.he sections are then nmounted with
Entel | an new nounting medi um (Merck) and covered wi th 24x50 mm coversli ps

(Menzel -d aeser). The results are summarized in the follow ng table. 25In

addi t,j on 1,0 scri bed
above sebe?égg 11?%&%%@5%%%%”9%%25?% %Eglgg%\r)ﬁ@%onsbr uc@baqméﬁglv %al ysed
in tgg abbmgé’téﬁld’«\/blklsg?dzusTdirepmtt)mluCHs KaoﬁbéfﬁHZ@o@Stpﬁ&i‘tlsu@aﬂ (tj@ﬁfbﬁaoe

ABI I 305 is sho in Table el ow cases, |nc es .VHH

domai ns gf?@ﬁ@ 0H PRRE 8D §he, WRcoRpp ?6@@%’5&3”@ N@IC{I@I@O Hﬁ Ta$iPPer ent

d 1 1300 t
ZrBI leggdj‘”gr&gﬁ\g%g%ﬁ%% Igls?cg o %:Bcgfr)(é‘bllé‘é%éb Qlté'dA Rt elaRiine ( 6Bl 0

2011/ 107507 keTT MEPP@1E308Ip0a@nEr fvaa ﬂwbéoﬂ@wmgtsequencean be seen that

bi parat opi ¢ VHHs ABI | 300, ABII301, ABII302, ABII303 and ABIl304 as well as

ABI | 305- PE40 reveal the sane affinity to bona fide tissue anyl oi d pl agues

(dense copHRAMHHHEGRBAEXFRHDE YRS EKLIVFEAEDVAINK S GSARRPTFYUl ar

order of Rrgel NRFRNEVPERPONISEVESGAY EEHAAIFEKTGHRVAVKKLSRPFQSII
HAKRTYRELRLLKHMKHENVIGLLDVFTPARSLEEFNDVYLVTHLMGADLNNIVK
CQKLTDDHVQFLIYQILRGLKYIHSADIIHRDLKPSNLAVNEDCELKILDFGLARHT

30 DDEMTGYVATRWYRAPEIMLNWMHYNQTVDIWSVGCIMAELLTGRTLFPGTDH

IDQLKLILRLVGTPGAELLKKISSESARNYIQSLAQMPKMNFANVFIGANPLAVDL
LEKMLVLDSDKRITAAQALAHAYFAQYHDPDDEPVADPYDQSFESRDLLIDEWK
SLTYDEVISFVPPPLDQEEMES (SEQ ID NO:144).
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5not appear to have a significant effect on plaque affinity.

Tabl e XVI1:

Structure of biparatopic VHH constructs ABI 1300 to 305 and results obtained
i n TAPI R wiezay/NHid7Domai n St ruct ure Epitope MED [ug/ ml] PeRa@2¢1Eas3090 cent r al
no bi nding ABI 1 300 AB11050- GS9- A1b8- GS9- AB11002 N-term and central 0.11 >
x> 0.04 ABI|301 ABII050- GS35- AB11002- GS9- A1b8 N-term and central 0.11 > x>

0.04 ABI 302 ABII050-GS9- AB11002- GS9- A1b8 N-term and central

0.11 > x> 0.04

ABI | 303 ATRLGOSEBEAPL! AaPeSR AR, bEARASNGNINPA (Bidder X> O- 04

10

15

20

25

30

Germany) and alkylated with lodoacetamide (Sigma, USA).
Polymethylmethacrylate beads (Sapidyne Instruments Inc., USA) are coated with
the fusion protein in PBS with 0,02% NaNs3, blocked with 1% BSA in the same
buffer and used for all experiments as solid phase. The KinExA experiments are
conducted with a KinExA 3000 and the KinExA Pro software (Sapidyne
Instruments Inc., USA) at room temperature (ca. 21°C). PBS with 0,02% NaNs is
used as running buffer. For all experiments, antigen is serially diluted into PBS
with 0,1% BSA and 0,02% NaNs having a constant VHH concentration. The
mixtures of antigen and VHH are incubated for 24h at room temperature prior to
measurement. The flow rate of the samples and the labeling antibody for all

experiments is 0,25 ml/min.

The secondary fluorescence labeled antibody for the measurement of the
ABI1320 VHH construct (first VHH construct) is the Alexa 647-conjugated goat
anti-G6G6 (anti-VHH) described under 9.6 above. This antibody is used at a
volume of 500 ul and a concentration of 0,5 yg/ml in PBS with 0,1% BSA and
0,02% NaNs. The ABII320 is additionally measured as described in the presence
of recombinant human albumin (albcult™
PEGylated ABII322 VHH construct (second VHH construct) to the solid phase is
determined using 500 pl of a rabbit anti-PEG (Epitomics Inc., USA) at a
concentration of 0,1 ug/ml in PBS with 0,1% BSA and 0,02% NaNs on line 13 of

the instrument in combination with 250 pl of an Alexa 647-conjugated goat anti-

, hovozymes, USA). Binding of the

rabbit (Molecular Probes Inc., USA) at a concentration of 0,25 ug/ml in the same
buffer. Binding of the HSA-biparatopic VHH construct fusion protein shown in
Table IV above (SEQ ID NO:32; third VHH construct) to the solid phase is
determined using 500 pl of a goat anti-HSA (Bethyl Laboratories Inc., USA) at a
concentration of 0,5 ug/ml in PBS with 0,1% BSA and 0,02% NaNs on line 13 of
the instrument in combination with 500 pl of an Alexa 647-conjugated rabbit anti-
goat (Molecular Probes Inc., USA).at a concentration of 0,5 ug/ml in the same
buffer.

-112 -



N-termand central 0.11 > x> 0.04 ABI 1320 AB11035- GS9- A1b8- GS9- AB11059
N-termand central 0.11 > x> 0.04 ABI| 305 - PEG40 ABI | 050- GSC35( PEG at Cys
at positiwo 26)/8B01002 N-term and central 0.11 > x> 0. O2CTEP2E1APPE 11:
Phar macodynami ¢ of half-life extended bi paratopic anti-Abeta VHH constructs
To determ ne the pharnmacokinetic and pharmacodynam c properties of VHHs,
15sanples are injected either i.v. or i.p. into APP transgenic mce. Plasm

sanpl es afgat ; 65K t i s taken
bef ore thgﬁ\eﬂﬁ@mrg@sm& veﬁ?tgli%ggg??gg?i (I)n |g§g%of%?g§ﬁgﬁgﬁgk§ hours. As
t he bi ndi sgftera WersibiHd .(ad ¢Sapidyhg Gsstiuments dnes USiA) hThé érsd aftdid tcoastruct t he

2ssay 1 n baereRe et AR fetlesdiRdatSascenalin afBet 08 oM The e f o
sanpl es aésrr@?é'%luhf‘edis"s |e§%.%ne(agg%@r< i@ﬁ,'ﬁﬁbgﬁ;?ﬁlp;ﬁﬁ blaied oyer a

sol i d- phase extraction colum. 60 ny sis HLB 96-we es (Waters) are
set into inlthe préCeld af 1%eedPOIMAaERIUDIAr0O8IB080N ekite aetormhV plHatcenstmuct f ol ds

Wat ted | tivated with 1 th |

(eoby - Grpees by e aisov IR 2A s SErsed abpeecdiEtoRsald. And washed
ti hith i 0 tagl | ut ed

i th 29 N P TRl RE TBR R LA R MO AR & RE P gi O e vt e

vacuum ceiteithing &HH Eppsnacn HSYav tiHifys)oraprolgifpisrmpeas el dt@oné@ntnationsOnce
sanples are_dried conpletely, they are reconstifuted in blocking buffer and
Stored at Of B0520Hid PV pystiple Folume (3 & Eileacty as enasuret Ka(s Oddy Caf o

det erpgi ne y sandwi ch ELI SA (4G8/anti - A-beta(1-40), nesoscal e di scoveri es)
according'to the manufacturer's instruction. 10 Predose total A-beta(1l-40)
| evel s for APP transgenic mice are approximately 1.25 nMin plasma. In
these mce injected with 15 nnol/kg of biparatopic VHHs or 1gG (sane dose,

normal i ze Dl ndi ' 1 Vsl af . A P&t L A R peaked
around 4 SELMEPED Ry Reo BB oy tpeiulE e & RASHE Y
15i ncr easeompenent edoaeitici plagéesin Albkeifdrat diédast)lt iplfasned by rgeliatiahi ons
determned_at 4 and 24 hrs after injection are divided b?/ t he predose

| evel s. Re5th&a N-tgreinghgamateralnasition ¢ catalyzed by glutaminyl cyclase (QC)

15 resulting in a very amyloidogenic variant of A-beta. The amino acid sequence of
pGlu-A-beta contains the amino acid residues 3-42 of the A-beta peptide. The
first two N-terminal amino acids which are essential for full interaction with
antibody 3D6 are missing. Affinities for the pGlu-A-beta—
ABII320/ABI11322/m266/3D6 interaction are determined via surface plasmon

20 resonance (Biacore) using C-terminally biotinylated pGlu-A-beta(1-28) captured
on a streptavidin sensor chip as described before (Example 2). Purified
polypeptides ABII320 or ABII322 or antibodies m266 or 3D6 are injected at 9
different concentrations (between 0.195 and 50 nM for ABI1320, 0.39-100 nM for
ABI1322 and 0.782-200 nM for 3D6 and m266) for 3 min and allowed to

25 dissociate for 10 min. Association and dissociation curves can be fitted using a
1:1 interaction model and an accurate Kp value can be determined. The affinities
are found to be 2 nM for ABI1320, 1 nM for ABII322, 224 pM for the antibody
m266 and no binding could be observed for the antibody 3D6.

30 Example 10: Binding of anti-A-beta VHHs to amyloid plaques
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Table XVI1I1: Fold increase and AUD of plasma A-beta(1-40) after i.v.

I njection of 20anti-A-beta VHHs, conpared to anti-A-beta anti bodies 3D6 and
n266 - 116wO0 20M/@@sb1/ 107507PCT/ EP2011/ 053090 ABI 1315- PEGROTHPB@ 11065820 3D6
lg&b 24-26 20 20 15 i.v. 75 i.v. * 75 i.v. * 28.78 25.79 29.47 12.14 17.9
25.88 761 528.9 673.2 * 15 nnol/kg, when calculated for binding sites (2
per 19gG nol ecule) Thus, conpared to the 1gG nol ecul es known in the art,

bi par at opi gyt ﬂb?.tédl.ﬁtét.%@ée rﬁngl% pioA0k bl slaNYRTARIRPJebIgher peak

| evel s for total pI asm A- rease val ues,
i ndi cat i ngceanderg tortheyr capabiigst® b/hﬁt«zarrmlmdqstlmmsen Tig2s7bgsusebeaapt ur i ng

Dot ST RRHABE oS0 LR ool olB5h HAPRUIG R ARIR. Brbet 2ofnncases
devel opedp| B8 by wefl-as quantitative assessment (minimum effective dosis MED) of

5 the VHHs. For the assay, cryostat-cut coronal sections of plaque-positive mice
are prepared, mounted onto 76x26 mm Superfrost slides (Roth) and stored at -
20° C. Cryosections are thawed for 20 minutes, fixed in 3% paraformaldehyde
(PFA) for 10 minutes on ice. Sections are then incubated in 0.3% hydrogen
peroxide for 30 minutes, blocked with PBS containing 2.5% bovine serum

10 albumin (BSA) and 2% mouse serum for 1.5 hours and incubated with a myc-
tagged VHH or Fab at different concentrations (3.0 mg/ml to 4.11 ng/mil),
dissolved in PBS containing 2.5% BSA. The slices are then incubated for 1.5
hours with 10 mg/ml biotinylated mouse anti c-myc monoclonal antibody (9E10)
(Sigma-Aldrich), dissolved in PBS containing 2.5% BSA (except for slices

15 incubated with biotinylated ABII320). The sections are incubated for 1.5 hours
with Vectastain ABC ELITE Kit solution (Vector Laboratories) prepared according
to manufacturer’s instructions, and visualised using Vector VIP SK 4600 solution
(Vector Laboratories), again prepared according to manufacturer’s instruction.
The sections are progressively dehydrated by 5 minute incubations in 60-, 80-

20 and 100% ethanol and 100% isopropanol and cleared for 5 minutes in xylene.
The sections are then mounted with Entellan new mounting medium (Merck) and
covered with 24x50 mm coverslips (Menzel-Glaeser). The results are

summarized in the following table.

25 In addition to ABII320 and Fab fragments of monoclonal antibody m266
described above, several other (myc-tagged) biparatopic VHH constructs were
analysed in the above TAPIR assay. The structure of VHH constructs ABII300 to
ABII305 is shown in Table XVII below and, in all cases, includes VHH domains
ABII002 (SEQ ID NO:62) and ABIIO50 (SEQ ID NO:100), in different orders and

30 combined with either an albumin binding VHH domain (ABII1300 to ABI1304) or a
PEG40 moiety (ABII305).
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10 beta(1-40) is captured with an A-beta(1l-40)-specific antibody coupled to
an ECLELI SA plate (nesoscal e di scoveries). The VHH or 19gG nol ecul es that
are used wo2rig@rsorhe ani mal s in passive i munot herapy &cC@&/ErPaggesioasi ng t he
VMBD Sul f o- Tag NHS- Ester (nmesoscal e di scoveries) according to the

manuf acture's manual and used as detection tool in this sandw ch ELI SA
format. A-beta(l 40) that is bound 15to the VHH or to 1gG can not be

det ect ed t det ect abl e.
To conpare c{g? gé??%ﬁfsd?tf er%%ﬁg@g&@%@@@ﬂg@ g’?ﬂ%\%rﬁn@??gﬁd to the

dat a fr omABINER| ABH 308 esndeABH304i ps waliRag ABHSQBMEG40 cevent tha saaeadfimiiyt h
VHHs or s .i,ndi cat ed I s collect nd .anal yzed for.

{ el unbolhions BE6 Jesiaaimyiald dadirsidedss Sarcand e §5S ol pRaueshinor 122
ot/ kg, 2hanhbii s NUHRIARIG800ARE iNRLASIo0r RRRAL LYBEEND ddag | evel o
of free/unbound A-beta(1l-40) decreased strongly and highly significant from
basel s ne net/eplsez(ratpmaveza signifigenneifect on @aqud affiiityection limt at 2 pM

Equi val ent dose of 3D6-19gG (10 ny/ kg, 132 nnol/kg binding sites = 66

nnol /kg 1gG is able to reduce unbound Abeta(1-40) in plasma only down to a
| evel of FAbRMVHEI StAjcturerofidibgratspi® ¥HH eondth et ABIIBBDab GobcanddscRgst ruct s
ABI 1320 and ABI 1322 show, at the same dose, an unexpectedly nuch stronger
decr ease Phtaine@uRHBIRAS®Yeta in pl asma conpared to 3D6 1gG again

i ndicating superiority in A-beta capture over 1gG (3D6). This nakes such
VHH constructs particularly useful in ter of therapeutic 12.14 -117- 117-
WO 2011/ 10vBd7 PCT Dekhirl Stixs8400 ef fi cacy )EpMHbG Speci fMEa'J[ng/mli npr e

ef fi _CI ent r(a% éet Jon of A-Deta In p| ash |1 § % C[ ed To ¢ Rg’Bh.]%}n revent
t he infl uk peta from plasma into the raln t her eby gener tlnga
st eeper c (I'\I )\f rat ron—arad ant hnf weaen -t h hr :n a ::nrl nl asma A hnf a 00| S

t her eby alABI13G01 Aﬁd%@’-ﬁ&?ﬁ'% -GRLABUDYZ; o hNttemn BRdiFeNtiahd 8.1l vex 5@1(&3 a.
Exanpl e 1PABRRR ¢ nenssnasdblAsilnn2asseabEo | Niueihand bémipy 8.11hex blgrd| brain

barri er ( tne—v I‘IbUII.:LILbLD, btspecific
Vit ar o bARLIE | ABIO R e R I Gt i MG VA PR Zh 0 e BEE. 1 besi ng
VHHs FC44 AIHBO?C!:AB&GOZ#%S&AEM)SD{G%A%I NneMﬂ)aﬁkﬂ)aérﬁ&MéExh >Nhega VHHs

i mprove t 3 i | el n Fess t he
ng, afte g\BI\ ich AﬁﬁéQﬁécS%yAIBéﬁgagngaﬁ/ osed gr mm{.8é S ;(’ %%4 cell s
and rel easdBI1339 { H&”B%rﬁr%pﬁb%ﬁiﬁ‘@yml.lo% sNderm aﬁdlﬁwrageﬁéﬂlmb 0y4f sed to
the FO44 ARGNSHS | WETBSGLSDERRES BACTOaHNTPRABABNAELIREP | DIANSPORloa O the
tc):(r)ﬁis{l,ru(r:tesmm'@ p83|{"|6r95‘)‘3ABIW0@' n levels aj anprove \:"rI?Eeuu c ef fg;:;i o

ADT T ‘-I-UU ADL1IS5UT, \.,UIIIJI I DI IIU L LI} A= Ul I_\AJ rmio, Al U UU

via gene assenbly using appropriate sets of overl apping ol igonucl eoti des.
SEQ I;P NOs and amino acid sequences are Iisted i n Table Xl X 20bel ow. In
summary, VHHs are generated that contain or FC44 VHH either between
t he ABI | oExagHle d::| Bharmpepdynamic gf hajf- |H€t%@ﬂd9ﬁ@'WRtQPW%NHH and
ABI 1 035 o M_ﬁ_?gongllgugwg bl ocks, or at the am no or carboxyterm nal end
of the no ecul see e Xl X). VHHs are expressed in E.coli or in Pichia
pastoris and purified as described in Exanple 9.2. Purified VHHds are 25

assessed inh an in vitro BBB crossi ng assaly as descri bed (WD2002/ 057445 and
furt her r dPSIRiRTRIBetRR PBARTACeKiNQliARY BRaMAAYNaRUE REPRGTISHAL VHiSel abel ed

VHEs %bﬁfﬁi%evﬂé%ﬁn]é%cﬁg%é:r%ﬂop%' APAPR tﬁrﬁ‘s;e%rc?nﬁcgénpqéé%ﬁrs Fhdigs Vi vo

and the brai s’ are determ ned using ei cintrl at|on
counti ng are tkeS/Ay BleediABLiEe X. )SapBeparAtpomaseesHmpIA -oed ta KeénHbefomestheuct s,

addi ti OnaUI-YH RSBE osrlvréﬂlcle apalcatlg%ﬁd after Af and 24Jhlo%r§.

As the binding of the VHHs and the 1gGs interferes with the detection in the

20 ELISA, the A-beta:VHH or A-beta:lgG complexes are denatured prior to the
assay in order to detect the total amount of plasma A-beta(1-40). In brief,
samples are denatured with 6M GuHCI (Sigma Aldrich) and purified over a solid-
phase extraction column. 60 mg Oasis HLB 96-well plates (Waters) are set into
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VHH con- struct 1D domain struc- ture SEQ ID NO ABII400
EVQLLESGGA.VQPGGSLRLSCVHSGPTFRTDTMG WFRQAPGKGREFVAAVTWNSGRI NY
ADSVKGRFTWERDNBKIMDAYL QUNSLRPEDTAVYYC AAHRFVVGGNRVEDVWRYWBQGHPY 10853090 G5 FC5-
Alb8- 145 TVSSGGGGSGEGSEVQLQASGEELVQAGGSLRLS 9Gh-

CAASGFKI THYTMOWFRQAPGKEREF 059 VSRI TWEEDNTFYSNSVKGRFTI SRDNAKNTVYL QM
NSLKPEDTADYYCAAGSTSTATPL RVDYWGKGT QVTVSSGGGEGSGEGSEVQLVESGG

extraction plate manifolds (Waters) connected to house vacuum. Columns are
activated with 1mL methanol (MeOH), followed by 1mL H>O. GuHCI-extracted
samples are loaded and washed sequentially with 1mL volumes of 5 and 30%
MeOH and A-beta is then eluted with 2% NH4OH in 90% MeOH. Eluted samples

5 are collected and vacuum-centrifuged (Eppendorf Vacufuge) at 1400 rpm, 60°C
for 90 min. Once samples are dried completely, they are reconstituted in blocking
buffer and stored at —20°C until analysis. Total plasma levels of A-beta(1-40) are
determined by sandwich ELISA (4G8/anti-A-beta(1-40), mesoscale discoveries)
according to the manufacturer’s instruction.

10
Predose total A-beta(1-40) levels for APP transgenic mice are approximately 1.25
nM in plasma. In these mice injected with 15 nmol/kg of biparatopic VHHs or IgG
(same dose, normalized to binding sites) the level of total A-beta in plasma
peaked around 4 hours after i.v. application.. Data are expressed as ‘fold

15 increase over predose’ in which the A-beta(1-40) plasma concentrations
determined at 4 and 24 hrs after injection are divided by the predose levels.

Results are shown in Table XVIII.

Table XVIII: Fold increase and AUD of plasma A-beta(1-40) after i.v. injection of
20 anti-A-beta VHHs, compared to anti-A-beta antibodies 3D6 and m266

plasma A-beta(1-40) fold increase over predose
APP transgenic mice
dose

exp. | (nmol/kg) 4 hrs 24 hrs AUD
ABII300 14/16 15 i.v. 37.78 21,00 632.5
ABII301 14/16 15i.v. 26 13.34 402.9
ABII305 16 15 i.v. 33.86 15.81 877.5
ABII306 21 15 i.v. 45.05 32.83 862.5
ABII316 24-26 15i.v. 21.88 9.26 649
ABII317 24-26 15i.v. 35.91 18.95 1615
ABII318 24-26 15i.v. 13.45 5.81 807.9
ABII319 24-26 15 i.v. 36.53 21.53 1313
ABII320 24-26 15i.v. 42.36 17.57 969.9
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GLVQPGNSLRLSCAASG-TFSSFGVEBW VRQAPCGKGLEW/SSI SGSGSDTLYADSVKGRFTI SR
DNAKTTLYLQWNSLRPEDTAVYYC Tl GGSLSRSSQGTLVTVSSGEEGESGEESEVQLLES

GGGEL VQPGA8ORLBOMABGERT FNNY NVGWFRQAPGKGREFVAAVSRSGVST PEABBUKNE 053090
RFTI SRDNSKNTVYLQVNSLRPEDTA

10

15

20

25

ABII315-PEG40  24-26 15 i.v. 28.78 12.14 761
m266 1gG1 20 7.5iv.” 25.79 17.9 528.9
3D6 19G2b 20 7.5iv.” 29.47 25.88 673.2

* 15 nmol/kg, when calculated for binding sites (2 per IgG molecule)

Thus, compared to the IgG molecules known in the art, biparatopic VHH
constructs have the potential to show up to 50% higher peak levels for total
plasma A-beta (4 hrs) and >2 fold increased AUD values, indicating superiority of

these VHH constructs over the IgGs in capturing A-beta.

To confirm that the level of free/unbound plasma A-beta decreases subsequent to
administration of the VHH construct, a competitive ELISA is developed. Briefly, A-
beta(1-40) is captured with an A-beta(1-40)-specific antibody coupled to an ECL-
ELISA plate (mesoscale discoveries). The VHH or IgG molecules that are used to
treat the animals in passive immunotherapy are tagged using the MSD Sulfo-Tag
NHS-Ester (mesoscale discoveries) according to the manufacture’s manual and
used as detection tool in this sandwich ELISA format. A-beta(1-40) that is bound
to the VHH or to IgG can not be detected in these settings whereas free/unbound
A-beta(1-40) is detectable. To compare data from different assays, all values are
normalized to the data from a vehicle treated group. APP transgenic mice are
treated with VHHs or IgGs as indicated and plasma is collected and analyzed for
free/unbound A-beta(1-40). As soon as 2 hours after i.p. injection of 132 nmol/kg
anti-A-beta VHHs (ABII1320 and ABII322, respectively), the levels of free/unbound
A-beta(1-40) decreased strongly and highly significant from baseline levels (appr.
2 nM) down to below the detection limit at 2 pM. Equivalent dose of 3D6-1gG (10
mg/kg, 132 nmol/kg binding sites = 66 nmol/kg IgG) is able to reduce unbound A-
beta(1-40) in plasma only down to a level of 52 pM (Fig.1). In this comparison the
biparatopic VHH constructs ABII1320 and ABII322 show, at the same dose, an
unexpectedly much stronger decrease in free/unbound A-beta in plasma
compared to 3D6 IgG, again indicating superiority in A-beta capture over IgG
(3D6). This makes such VHH constructs particularly useful in terms of therapeutic
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VYYCAAAYRGTAI NVRRSYSSWGQGTLVTVSS  ABI | 401
EVQLLESGGALVQPGGSLRLSCVHSGPTFRTDTMS 035- 146  WFRQAPGKGREFVAAVTWNSGRI NY
9Gh- ADSUKERADYBRDNSKNTAYL QUVNSLRPEDTAVYYC Alb8- PCT/EP2011/053090
AAHRFVVGGENRVEDWRYWEQGTLV 9Gh- TVSSGGGEGSGEGSEVQLVESGEALVQPGNSLRLS FC44-
CAASGFTFSSFGAVBWRQAPCKGLEW 9G5-
efficacy of VHHs. Specifically, a more efficient depletion of A-beta in plasma is
expected to completely prevent the influx of A-beta from plasma into the brain,
thereby generating a steeper concentration gradient between the brain and
plasma A-beta pools, thereby accelerating efflux of A-beta from the brain into the

5 plasma.

Example 12: BBB crossing VHHs

In order to further improve the blood brain barrier (BBB) crossing characteristics

10 of the VHH constructs, bispecific VHHs are constructed comprising the
biparatopic VHHs and the BBB crossing VHHs FC44 and FC5 (as described in
detail in WO2002/057445). These VHHs improve the BBB crossing by binding to
a target protein expressed on the BBB, after which the VHHs are transcytosed
through the endothelial cells and released in the brain parenchyme. As such,

15 VHHSs genetically fused to the FC44 and FC5 VHHs are expected to undergo an
active transport into the brain, resulting in higher brain levels and improved
therapeutic effect. Constructs ABI1400-ABI1407, comprising the FC44 or FC5
VHHSs, are generated via gene assembly using appropriate sets of overlapping
oligonucleotides. SEQ ID NOs and amino acid sequences are listed in Table XIX

20 below. In summary, VHHs are generated that contain the FC5 or FC44 VHH
either between the ABII035 and ABII059 VHH building, or between the HSA
binding VHH and ABII035 or ABII059 building blocks, or at the amino or carboxy-
terminal end of the molecule (see Table XIX). VHHs are expressed in E.coli or in
Pichia pastoris and purified as described in Example 9.2. Purified VHHs are

25 assessed in an in vitro BBB crossing assay as described (W02002/057445 and
further references therein). In addition, radiolabeled or non-radiolabeled VHHs
comprising the FC5 and FC44 building blocks are administered in vivo and the

brain levels are determined using either liquid scintillation counting or ELISA.
30

TABLE XIX: Biparatopic anti-A-beta VHH constructs, additionally comprising FC5
and FC44 moieties
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VSSI SGSGSDTL YADSVKGRFTI SRDNAKTTLYLQWN 059 SLRPEDTAVYYCTI GGSLSRSSQ
GTLVTVSSGGEEGESGCEGESEVQL QASGEEL VQAGSES LRLSCSASVRTFSI YAMGWFRQAPGK
EREFVAG NRECGDMIKYADFVKGRFSI SRDNAKNW YLQWNSLKPEDTAL Y PCAAPYHYD53090
TVGAL TSGYNFWEQGT QVTVSSGGEEGESGEEGESEVQ LLESGGGELVQPGGSLRLSCAASGRTF

VHH domain |SEQ

con- struc- ID NO:

struct ID ture

ABII400 | EVQLLESGGGLVQPGGSLRLSCVHSGPTFRTDTMG | 035- 145
WFRQAPGKGREFVAAVTWNSGRINY 9GS-
ADSVKGRFTISRDNSKNTAYLQMNSLRPEDTAVYYC | FC5-
AAHRFVVGGNRVEDWRYWGQGTLV Alb8-
TVSSGGGGSGGGSEVQLOASGGGLVQAGGSLRLS | 9GS-
CAASGFKITHYTMGWFRQAPGKEREF 059

VSRITWGGDNTFYSNSVKGRFTISRDNAKNTVYLQM
NSLKPEDTADYYCAAGSTSTATPL
RVDYWGKGTQVTVSSGGGGSGGGSEVQLVESGG
GLVQPGNSLRLSCAASGFTFSSFGMSW
VRQAPGKGLEWVSSISGSGSDTLYADSVKGRFTISR
DNAKTTLYLQMNSLRPEDTAVYYC
TIGGSLSRSSQGTLVTVSSGGGGSGGGSEVAQLLES
GGGLVQPGGSLRLSCAASGRTFNNY
NMGWFRQAPGKGREFVAAVSRSGVSTYYADSVKG
RFTISRDNSKNTVYLQMNSLRPEDTA
VYYCAAAYRGTAINVRRSYSSWGQGTLVTVSS

ABII401 | EVQLLESGGGLVQPGGSLRLSCVHSGPTFRTDTMG |035- 146
WFRQAPGKGREFVAAVTWNSGRINY 9GS-
ADSVKGRFTISRDNSKNTAYLQMNSLRPEDTAVYYC | Alb8-
AAHRFVVGGNRVEDWRYWGQGTLV 9GS-
TVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLS |FC44
CAASGFTFSSFGMSWVRQAPGKGLEW 9GS-
VSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLQMN | 059
SLRPEDTAVYYCTIGGSLSRSSQ
GTLVTVSSGGGGSGGGSEVQLQASGGGLVQAGGS
LRLSCSASVRTFSIYAMGWFRQAPGK
EREFVAGINRSGDVTKYADFVKGRFSISRDNAKNMV
YLQMNSLKPEDTALYYCAATWAYD
TVGALTSGYNFWGQGTQVTVSSGGGGSGGGSEVQ
LLESGGGLVQPGGSLRLSCAASGRTF
NNYNMGWFRQAPGKGREFVAAVSRSGVSTYYADS
VKGRFTISRDNSKNTVYLQMNSLRPE
DTAVYYCAAAYRGTAINVRRSYSSWGQGTLVTVSS

ABII402 |EVQLLESGGGLVQPGGSLRLSCVHSGPTFRTDTMG |035- 147
WFRQAPGKGREFVAAVTWNSGRINY 9GS-
ADSVKGRFTISRDNSKNTAYLQMNSLRPEDTAVYYC | Alb8-
AAHRFVVGGNRVEDWRYWGQGTLV 9GS-
TVSSGGGGSGGGSEVQLVESGGGLVQPGNSLRLS | 059-
CAASGFTFSSFGMSWVRQAPGKGLEW 9GS-
VSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLQMN | FC5
SLRPEDTAVYYCTIGGSLSRSSQ
GTLVTVSSGGGGSGGGSEVQLLESGGGLVQPGGS
LRLSCAASGRTFNNYNMGWFRQAPGK
GREFVAAVSRSGVSTYYADSVKGRFTISRDNSKNTV
YLQMNSLRPEDTAVYYCAAAYRGT
AINVRRSYSSWGQGTLVTVSSGGGGSGGGSEVQL
QASGGGLVQAGGSLRLSCAASGFKIT
HYTMGWFRQAPGKEREFVSRITWGGDNTFYSNSVK
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NNYNMGWFRQAPGKGREFVAAVSRSGVSTYYADS VKGRFTI SRDNSKNTVYLQWNSL RPE
DTAVYYCAAAYRGTAI NVRRSYSSWCQGTLVTVSS ABI | 402

EVQLLESGEEOCAABHIRL SCVHSCGPTFRTDTMG 035- 147 WFRQAPGKGREFNAR20/TVBIBBRI NY
9C6- ADSVKGRFTI SRDNSKNTAYLQWNSLRPEDTAVYYC Alb8-
AAHRFVVGENRVEDWRYWEQGTLY 9Gh-

GRFTISRDNAKNTVYLQMNSLKPED
TADYYCAAGSTSTATPLRVDYWGKGTQVTVSS

ABII403 | EVQLQASGGGLVQAGGSLRLSCSASVRTFSIYAMG |FC44- |148
WFRQAPGKEREFVAGINRSGDVTKY 9GS-
ADFVKGRFSISRDNAKNMVYLQMNSLKPEDTALYYC | 035-
AATWAYDTVGALTSGYNFWGQGTQ 9GS-
VTVSSGGGGSGGGSEVQLLESGGGLVQPGGSLRL | Alb8-
SCVHSGPTFRTDTMGWFRQAPGKGRE 9GS-
FVAAVTWNSGRINYADSVKGRFTISRDNSKNTAYLQ | 059
MNSLRPEDTAVYYCAAHRFVVGGN
RVEDWRYWGQGTLVTVSSGGGGSGGGSEVQLVES
GGGLVQPGNSLRLSCAASGFTFSSFG
MSWVRQAPGKGLEWVSSISGSGSDTLYADSVKGRF
TISRDNAKTTLYLQMNSLRPEDTAV
YYCTIGGSLSRSSQGTLVTVSSGGGGSGGGSEVAQL
LESGGGLVQPGGSLRLSCAASGRTF
NNYNMGWFRQAPGKGREFVAAVSRSGVSTYYADS
VKGRFTISRDNSKNTVYLQMNSLRPE
DTAVYYCAAAYRGTAINVRRSYSSWGQGTLVTVSS

ABII404 |EVQLLESGGGLVQPGGSLRLSCVHSGPTFRTDTMG |035- 149
WFRQAPGKGREFVAAVTWNSGRINY 35GS-
ADSVKGRFTISRDNSKNTAYLQMNSLRPEDTAVYYC | 059-
AAHRFVVGGNRVEDWRYWGQGTLV 9GS-
TVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGG | Alb8-
GSGGGGSEVQLLESGGGLVQPGGSLRLS 9GS-
CAASGRTFNNYNMGWFRQAPGKGREFVAAVSRSG | FC44
VSTYYADSVKGRFTISRDNSKNTVYL
QMNSLRPEDTAVYYCAAAYRGTAINVRRSYSSWGQ
GTLVTVSSGGGGSGGGSEVQLVESG
GGLVQPGNSLRLSCAASGFTFSSFGMSWVRQAPG
KGLEWVSSISGSGSDTLYADSVKGRF
TISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRS
SQGTLVTVSSGGGGSGGGSEVAQL
QASGGGLVQAGGSLRLSCSASVRTFSIYAMGWFRQ
APGKEREFVAGINRSGDVTKYADFV
KGRFSISRDNAKNMVYLQMNSLKPEDTALYYCAAT
WAYDTVGALTSGYNFWGQGTQVTVS

S

ABII405 |EVQLLESGGGLVQPGGSLRLSCVHSGPTFRTDTMG |035- 150
WFRQAPGKGREFVAAVTWNSGRINY 9GS-
ADSVKGRFTISRDNSKNTAYLQMNSLRPEDTAVYYC | FC44-
AAHRFVVGGNRVEDWRYWGQGTLV 9GS-
TVSSGGGGSGGGSEVQLQASGGGLVQAGGSLRLS | 0569-
CSASVRTFSIYAMGWFRQAPGKEREF 9GS-

VAGINRSGDVTKYADFVKGRFSISRDNAKNMVYLQM | Alb8
NSLKPEDTALYYCAATWAYDTVGA
LTSGYNFWGQGTQVTVSSGGGGSGGGSEVQLLES
GGGLVQPGGSLRLSCAASGRTFNNYN
MGWFRQAPGKGREFVAAVSRSGVSTYYADSVKGR
FTISRDNSKNTVYLQMNSLRPEDTAV
YYCAAAYRGTAINVRRSYSSWGQGTLVTVSSGGGG
SGGGSEVQLVESGGGLVQPGNSLRL
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TVSSGEEESGEESEVQLVESGEELVQPGNSLRLS 059- CAASGFTFSSFGAVBWRQAPCKGLEW 9G5-
VSSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQWN FC5 SLRPEDTAVYYCTI GGSLSRSSQ
GILVTVSSGEOEHGAe8HaYQL L ESCEEL VQPGES L RLSCAASGRTFNNYNMVBOFRPAREAS3090
GREFVAAVSRSGVSTYYADSVKGRFTI SRDNSKNTV

SCAASGFTFSSFGMSWVRQAPGKGLEWVSSISGSG
SDTLYADSVKGRFTISRDNAKTTLY
LQMNSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

ABII406 |EVQLQASGGGLVQAGGSLRLSCAASGFKITHYTMG |FC5- 151
WFRQAPGKEREFVSRITWGGDNTFY 9GS-
SNSVKGRFTISRDNAKNTVYLQMNSLKPEDTADYYC | 035-
AAGSTSTATPLRVDYWGKGTQVTV 9GS-
SSGGGGSGGGSEVQLLESGGGLVQPGGSLRLSCV | 059-
HSGPTFRTDTMGWFRQAPGKGREFVA 9GS-
AVTWNSGRINYADSVKGRFTISRDNSKNTAYLQMNS | Alb8
LRPEDTAVYYCAAHRFVVGGNRVE
DWRYWGQGTLVTVSSGGGGSGGGSEVQLLESGG
GLVQPGGSLRLSCAASGRTFNNYNMGW
FRQAPGKGREFVAAVSRSGVSTYYADSVKGRFTISR
DNSKNTVYLQMNSLRPEDTAVYYC
AAAYRGTAINVRRSYSSWGQGTLVTVSSGGGGSGG
GSEVQLVESGGGLVQPGNSLRLSCA
ASGFTFSSFGMSWVRQAPGKGLEWVSSISGSGSDT
LYADSVKGRFTISRDNAKTTLYLQM
NSLRPEDTAVYYCTIGGSLSRSSQGTLVTVSS

ABII407 |EVQLLESGGGLVQPGGSLRLSCVHSGPTFRTDTMG |035- 152
WFRQAPGKGREFVAAVTWNSGRINY 35GS-
ADSVKGRFTISRDNSKNTAYLQMNSLRPEDTAVYYC | 059-
AAHRFVVGGNRVEDWRYWGQGTLV 9GS-
TVSSGGGGSGGGGSGGGGSGGGGSGGGGSGGG |FCS-
GSGGGGSEVQLLESGGGLVQPGGSLRLS 9GS-
CAASGRTFNNYNMGWFRQAPGKGREFVAAVSRSG |Alb8
VSTYYADSVKGRFTISRDNSKNTVYL
QMNSLRPEDTAVYYCAAAYRGTAINVRRSYSSWGQ
GTLVTVSSGGGGSGGGSEVQLQASG
GGLVQAGGSLRLSCAASGFKITHYTMGWFRQAPGK
EREFVSRITWGGDNTFYSNSVKGRF
TISRDNAKNTVYLQMNSLKPEDTADYYCAAGSTSTA
TPLRVDYWGKGTQVTVSSGGGGSG
GGSEVQLVESGGGLVQPGNSLRLSCAASGFTFSSF
GMSWVRQAPGKGLEWVSSISGSGSD
TLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAV
YYCTIGGSLSRSSQGTLVTVSS

Example 13: Industrial manufacturing process for PEGylated biparatopic
polypeptides of the invention

13.1 Fermentation: Any of the polypeptides ABII305, ABII306, ABII314, ABII315,
ABII322, and ABII323 can be expressed in the cytoplasm of different E. coli
strains like W3110, TG1, BL21, BL21(DE3), HMS174, HMS174(DE3), MM294

under control of an inducible promoter. This promoter can be chosen from
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YLQWNSLRPEDTAVYYCAAAYRGT Al NVRRSYSSWGQGTL VTVSSGGGGSGGGSEVQL
QASGGGLVQAGGSLRLSCAASGFKI T HYTMAWFRQAPGKEREFVSRI TWGGDNTFYSNSVK -119-
GRFTI SRONAKINTMYOGINSLKPED TADYYCAAGSTSTATPLRVDYWGKGTQVTYES/EP20ABI0S 0B

EVQL QASGGGL VQAGGSLRL SCSASVRTFSI YAMG WFRQAPGKEREFVAGH NRSGDVTKY

ADFVKGRFS| SRDNAKNWVYL QUNSLKPEDTALYYC AATVWAYDTVGAL TSGYNFWGQGTQ
VTVSSGGGGSGEGSEVQLLESGGAL VQPGGSLRL  SCVHSGPTFRTDTMOWERQAPGKGRE

RVEDARMEBET 7 VRScrabbacerUt Ve U TIEE A SEAERTAHNEY defned
MBVIVRQAPGEGLENYSSI0S BB ERLAY ADSUK GRH Mg, BRDNAKTR,LAL ReNst RFESyMatk, C.,
ANYVOIER RS STIT A ONEREST | SHOGRNT T DERRRY ReEmentation

DTAVYYCAAforRsbaLIBYGRRSY ERERrTAMEYaSe tizidy af EXpREssiG 8P BAGSI o thdS

5 Escherichia coli rhaBAD Promoter. Biotechnology and Bioengineering, 73: 95-
103 (2001)), DelLisa et al., 1999 (DeLisa, M. P, Li, J. C., Rao, G., Weigand, W.
A., and Bentley, W. E.: Monitoring GFP-operon fusion protein expression during
high cell density cultivation of Escherichia coli using an on-line optical sensor.
Biotechnology and Bioengineering, 65: 54-64.(1999)) or equivalent. However,

10 supplementation of the medium with amino acids like isoleucine, leucine, lysine,
methionine, phenylalanine, threonine, tryptophan and valin or complex media
components such as soy peptone or yeast extract may be beneficial. The process
for fermentation is performed in a fed-batch mode. Conditions: Temperature 30 —
40 °C, pH 6 — 7.5, dissolved oxygen is kept above 20%. After consumption of the

15 initial C-source the culture is fed with the feed media stated above (or equivalent).
When a dry cell weight in the fermenter of 40 to 90 g/L is reached the culture is
induced with an appropriate inducer corresponding to the used promoter system
(e.g. IPTG, lactose, arabinose). The induction can either be performed as a
pulsed full induction or as a partial induction by feeding the respective inducer

20 into the fermenter over a prolonged time. The production phase should last 4
hours at least. The cells are recovered by centrifugation in bowl centrifuges,
tubular bowl centrifuges or disc stack centrifuges, the culture supernatant is
discarded.

25 13.2 Purification: The E. coli cell mass is resuspended in 6- to 8-fold amount of
lysis buffer (phosphate or Tris buffer, pH 7-8.5). Cell lysis is preferably performed
by high pressure homogenization followed by removing of the cell debris by
centrifugation in bowl, tubular bowl or disc stack centrifuges. Supernatant
containing the target protein is optionally filtrated using a 0.22-10 pm filter and

30 separated via cation exchange chromatography (e.g. Toyopearl MegaCap® Il SP-
550EC, Toyopearl GigaCap S-650M, SP Sepharose BB, SP Sepharose FF or S

|TM

HyperCel ™) at pH 7-8.5. Elution is performed by a linear increasing NaCl

gradient at pH 7-8.5. Fractions containing the target protein are pooled and
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ABI | 404 EVQLLESGGALVQPGGSLRLSCVHSGPTFRTDTMG WFRQAPGKGREFVAAVTVVNSGRI NY
ADSVKGRFTI SRDNSKNTAYLQWSLRPEDTAVYYC AAHRFVVGENRVEDWRYWGQGTLV
TVSSGCGEEESBEEEAGE8SCEEEECEEEEEEE . GSGEEESEVQL LESGEEL VOPGEBBILRIPA 11/053090
CAASGRTFNNYNMGWFRQAPGKGREFVAAVSRSG VSTYYADSVKGRFTI SRDNSKNTVYL
QWNSLRPEDTAVYYCAAAYRGTAI NVRRSYSSWEQ GTLVTVSSGGGEGSGEGSEVQLVESG
GGELVQPGNSL RLSCAASGFTFSSFGVBW/RQAPG KGLEW/SSI SGSGSDTL YADSVKGRF

onscaa VST H SISO A Y PR R RS R U R tion o

KGRFSI smgmbm&mwﬁwmummmeﬁmﬁ@mmm 835M

WEROAPCKCREFPA AR wﬁ%g@aék @mﬁ? GPATLBANSL RBEDPA VS ecton |

AAHRFVY & @ﬁ%ﬂ:ﬁ Butyl
CSASVRTFSI YAMGAF F VAG NR GDVTKYAD’FVK MLV

NSL KPEDTASWGANB\WBTBMI &smnmm@ywmsmmmmmﬂ%enyl

P11 SRONSKUPNECHEPRRED R SV AAATRC Y RS LR\ R 255Gy @ inear

SCEGSEVQL WBéfedein %&ﬁat&&ﬁﬁé‘@ﬂga@@ﬂ% préXepdblet 5o DTT. 120 - WO
2011/ 107507PCT/ EP2011/ 053090 SCAASGFTFSSFGVBWRQAPGKGLEW/SSI SGSG

SDTL YADSVKGPNSRONEKTINO e dngst Rrteinavitty e puchsiesrssannines80% als | 406

SNSVRGRF TP A T RS R RSP AT R DY oY

SSCEHSCECOhEL EABRECLANRIRGX ISR G\ bisai> BoBE & h&sWrBQMROH (3pENErmed by

S\VA;L?WNSG?I NYADSé FTI. SR[E)u Km&%w @IBRPEDWW%RVE
AAROTA R R T 8 P Koo e R L000-25-
ASGFTFSSF@@VWR@(B@@ BONS6H KEBESDatad YRV ISGRITD @IRDNA’BGI‘HT[aYIt%ﬂnlS ol 1 407
§$EEQTAWUI @ LVT\'E/?.T% ?@5 %29(503 9(5559 9(5Ag! JSpA
#52!@&@@#@%5&@“%@@$ e85
CAASGRTFNRYNiDViB @m3®%$mmmmﬁr$ﬁmﬂ<m\5(fractlons

%§&E&ﬁ%@iﬁ@%ﬂ%ﬁéﬁ&% e FORP A Bt tation by

TI SRDNAKNAYY 1ol &Rl QB ¥R/ SeehH"D TR L BYBYWCRCE RV THe SSlddonGs
GGSEVQ_VESGGGLVQDGNSLRLS SGFTFSSF  GVBVWRQAPGKGL EWSSI SGSGSD

TLYADSVK@FWWMKWM@M@LW@WW Rérustaiiierrieidirgtien  35Gs059-

9GSF i [or
PEGylggt ed %?Q%%OCS@&%F@%@B es ?Séf élleédl) m/@ﬁﬁf on ngélf%glgp{ %’ﬁ?gtc{ on: Any
of the poﬂ'ylpepﬁbde &Bldrﬁﬂﬁ)nwﬁtrbﬂﬁﬁio A8I0 &gﬁnl ABHK34 aldBlidé22, and
ABI 1323 can b Iasm i fferent i, strains |ike
WB110. TORORIE RRBBEC) ivaddes THmior i BES) raUaDouZiair SBHIRAR of an
i nduci bl elrmu%%oeundgr@ﬁrlrﬁﬁ RIFS- 88 HCAToB/ t%ﬂﬂ%?ﬁturé QY subsequently filtrated

using a 0.22 um filter. PEGylated target protein is separated from free PEG and

25 non-PEGylated target protein via cation exchange chromatography (SP
Sepharose HP, Toyopearl SP 650M, MacroCap ™SP, Source ™30S or
Fractogel®EMD (M)) at pH 5-7. Elution is performed by a linear increasing NaCl
gradient. Fractions containing mono-PEGylated target are pooled and formulated
in 25 mM Na-phosphate, 220 mM endotoxin free trehalose, pH 7.5 via

30 diafiltration.

Example 14: Pharmaceutical formulation and use
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WO 2011/ 107507PCT/ EP2011/ 053090 | acWVs, tac, T7, trp, T5, araB. The
cultivation nedia are preferably fully defined according to Wlns et al.,
2001 (W Iwe,20B/10738auck, A., Reuss, M, Syldatk, C., MatPeI/EPRLI/0S000MANN,
M, and Al tenbuchner, J. : High-Cell-Density Fernmentation for Production of
L- N- Car banoyl ase Usi ng an Expression System Based on the 5Escherichia coli
rhaBAD Pronoter. Biotechnol ogy and Bi oengi neering, 73: 95- 103 (2001)),
DelLi sa et 4al4, i 2 Ak ' - I A, and
et Toy. W PR RCE g ahabicn: ARy pf he homalfB8 thoraigRBRegtlad. - 0N
cel I densicogsteudts ol Hie ionveofiorEsuichrascABH3 thta AbHB28 cam lossélientedoipt theal
sensor. Biotechnolo apd Bi oengi neeri 65. 54-64.(1999)),. or. equi val ent.
ovever, TRSARGiR & PRgmaseutel tncaiion Bk sdheian e riepRicetiof Bt  ne.

| euci ne, bLySimsosititit 58 eliodd: phenyl al ani ne, threonine, tryptophan and valin
or conpl ex medi a conponents such as soy peptone or yeast extract may be
benef 5 ci aDrugisebptascess 100 mgimthtamBinorolingl) perfornmed in a fed-batch node.
Condi ti ons, r.at.ure 40 C pH 6 - 7.5, dissolved oxygen is kept
above 20%%3%[6@%% rrrpgggﬂ\/lof the 15initial Csource the culture is fed
wi th the fregghlogsti a st at 220 aiMve (or equivalent). Wien a dry cell weight in
the fermenter of 40 to 90 g/L is reached the culture is induced wth an
appr opri attfeeAder corr@&gofrdi ng to the used promoter system (e.g. |PTG

| act ose, [ j I . el 0 pul sed full
i nduct i Onf%?&g,ngt%%g?Fﬂf‘ﬁrhﬂﬁé{jﬁéﬁgns%@glo ei%}i?ﬁr%ﬁﬁéé}gé\fees%@ ?@gori?’nducer 20

i nt o 7 he t@riiead endeteredat@ @ &AQed ti me. The producti on phase shoul d | ast
4 hours at least. The cells are recovered by centrifugation in bow
centrifuges, tubular bow centrifuges or disc stack centrifuges, the
culture s h§iH F . LEd § QI i hideel |
mass i s rzgﬁéﬁﬁe cleﬁtn%:{l%{ég. gﬁgngﬁéﬁD%n@ég?%ﬁ@f%&&ﬁfgrﬁof%#ggﬂg)%ieﬁg or
Tri s buff & a patieit . rHed Berdof| guchsas e mumadre baimgysyftering rireed AbY, dyi gh pressure
honogeni zatj on fol |l owed by .renpving of the cell ,delyi centrifugation in
bow °t ubat BFBRpUS Fichteh EIDR Bt arieluBs o8] I8 RsABE R HG ¢ he
target probeimg) sverpithenadur fédksated using a 0.22-10 pmfilter and
30separated via cation exchange chronat ography (e.g. Toyopearl MegaCap(r)

Il SP- 550EC, Toyopearl G gaCap S-650M SP Sepharose BB, SP Sepharose FF or
S HyperCel TM at pH 7-8.5. Elution is perfornmed by a |inear increasing NaCl
gradient at pH 7-8.5. Fractions containing the target protein are pooled
and - 122 - WD 2011/ 107507PCT/ EP2011/ 053090 subsequently incubated with
5-10 MM DTT in order to prevent dinerization or aggregation nedi ated by
free cysteine residues. After further addition of 0.8-1 M anmmonium sulfate
or 2-3 M NaCl, solution is separated via hydrophilic interaction

chromat ography (e.g. Phenyl Sepharose HP, Phenyl Sepharose FF, Butyl
5Sepharose HP, Butyl Sephrose FF, Butyl Toyopearl 650 (S, M C), Phenyl
Toyopear|l 650 (S,MC)) at pH 7-8.5. Elution is carried out at pH 7-8.5 by a
| i near decreasi ng amoni um sul fate or NaCl gradient in presence of 5 niM
DIT. Fractions containing the target protein with a purity |evel of
mnimally 90% are pool ed and desalted by diafiltration in presence of 5 nM
DTT foll owed by 10concentration to approximately 5 ng/m . Subsequent
refolding is perforned by diluting the protein solution 1:5-1:20 with 50 niM
Tris, 150 MM NaCl, 4 nM Cystamn, 10 MM CHAPS at pH 8.5 to a final protein
concentration of 0.25-1 ng/m . Refolding solution is incubated under
stirring for 12-36 h at roomtenperature and then separated by cation
exchange chronmat ography (e.g. SP 15Sepharose FF, SP Sepharose HP, Toyopear|
SP-650 (S, M C) at pH 7-8.5. Elution is performed by a |linear increasing
NaCl gradient at pH 7-8.5. Fractions containing nononmeric target protein
are pool ed and activated for PEGyl ation by addition of reducing agents such
as DIT, DTE or TCEP. The solution is subsequently incubated at room
tenperature for 2 hours. After diafiltration
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20agai nst Na- phosphate buffer pH 6.5-7.5 or 20 nM HEPES buffer pH 6.5-7.5
or Tris buffer pH 8.0 and concentration to 5-10 ng/ m, 40-kDa

mal ei m dewol2yattoydoenegl ycol e (PEG is added (protein toPPEEGP2@ii063006
1:2-1:10). Solution is incubated under stirring for 3-18 h at room
tenperature and subsequently filtrated using a 0.22 pmfilter. PEGyl ated
target protein is separated fromfree PEG and 25non- PEGyl at ed t ar get
protein via cation exchange chromatography (SP Sepharose HP, Toyopearl SP
650M MacroCapTnSP, SourceTnBOS or Fractogel (r)EMD (M) at pH 5-7. Elution
is perfor ¥ a |inear increasing NaCl gradient. Fractions containing
nono- PEGyl ated target are pooled and formulated in 25 nM Na- phosphate, 220
mM endotoxin free trehal ose, pH 7.5 via 30d| af | Itra}@l %‘g‘?‘l e 14:

Phar maceut ical A PelvRaPlds ermeriiniadrst impnyinoglopgyin sgIel R #P2011/ 053090
14. 1 Phar nace t Qi HRdhRIeBRIB ulin

pol ypepti de cégrést%ﬁggﬁf&g? ng tg%WHgﬁﬁegéﬁgﬁgﬁéggl%%gm to Abl1323, can be
sel ected for tmeglmauauemﬂw@apacawymﬁbm focaFesBIeR RPESH A ibgta,

subcut aneous a Ilcatl

subst ance: 100 ai&)ﬁrst aggioasrﬁ%)%g%gjg%&g E%ge%r% Stia%mq\}t‘!id‘glehal ose: 220
mv Tween- 20: 0.@;3&3@@/0 Drug substance is fornulated in a solution

havi ng t he above conposition, 10sterilized and stored at 2 to 8 C 14.2
Phar maceuti cal use: The solution as prepared under 14.1 above is applied to

a patient in negdpbipsmrte a @:Uﬁd?n%ﬁo @alw maRhdRimgais tifst antirgid sawndD, by
subcut aneous |nject|on into the

elly in a volune o{%to n}f &dosage of
100 t 07015200 nif)mieraaighbulinsinge VeiADIRAEREINS Cachapsentiglg consist of fo
2011/ 107507P frﬁﬁé&&%&/ @g%ﬂ%%%%'@m réSpet Wé}@@deﬂﬂm@éﬁmp BhR@taitf i 1 St

i mmunogl obul i n sing riabl e domain specifically binding to a first

epi tope of A- b@&tarrainmga‘eg@@@rﬁ@DW%REH@WWW@W&@W@@EW%%f'@t @Bfai n

specifically b t and
S5 d second epidgpee o SERAOER e TaaniEaDlhs SR ToRARYRRYEId 67

pol ypepti de acaomcbrrpgptnme ol feereinlsaidvieres ipe pide dplﬁan@v camnga$ ar senseiel

10i nmunogl obul |fn E e var L@)ble domai ns each essentially consist of four

framewdt k regi %r%ﬁnfr TRUogRPUIT 8O- yel'y) and three conpl enentarity

determining regions (CDR1 to CDR3, respectl vely), wherein said first and

sai d second i nmunogl obulin sin

| | ked b
a linker pebti Hee PaleeRtde acOE! W?FFkV rﬁg”’gg %ém”?p aéﬁlsé%::/%ﬁggéié%' o e Y

consi sts second immunoglobulin single variable domains are antibody domains,

preferably VHH domains, and more preferably humanized VHH domains.

20

4. The polypeptide according to any of the preceding claims, wherein said first

epitope of A-beta is the epitope defined by SEQ ID NO:3 and said second
epitope of A-beta is the epitope defined by SEQ ID NO:4, or wherein said
first epitope of A-beta is the epitope defined by SEQ ID NO:4 and said

25 second epitope of A-beta is the epitope defined by SEQ ID NO:3.

5. The polypeptide according to any of the preceding claims, wherein said
polypeptide forms contacts to at least amino acids 1 (aspartate), 3
(glutamate), 19 (phenylalanine), 20 (phenylalanine), and 23 (aspartate) of the

30 human A-beta pepfide (SEQ ID NO:1)

6. The polypeptide according to any of the preceding claims, wherein the IC50
value as measured in a TR-FRET binding assay (using ABII002 = SEQ ID
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150f a third i mmunogl obulin domain. 3. The pol ypeptide according to claim1
or claim2, wherein said first and said second i mmunogl obulin single

vari abl e womaime7are anti body donmi ns, preferably VHH decainrg(iiassonor e
preferably humani zed VHH domai ns. 20 4. The pol ypeptide according to any of
the preceding clains, wherein said first epitope of A-beta is the epitope
defined by SEQ ID NO 3 and said second epitope of A-beta is the epitope
defined by SEQ ID NG 4, or wherein said first epitope of A-beta is the

epi tope defined by S Y i d.25second,.epi.t.ope,.of A bs the
epi t ope def i nel‘got% %@$@%‘%’§£$ i%gDégﬁfBg}g[epgdgs)ﬁ&W%i rﬁé‘g%? g%y of the
precedi ng cl ai fiBleshheleidtsSand prRatwBEIhitee rdroens foent acts' taoles/lireast ami no
acids 1 (aspartate), 3 (glutamate), 19 (phenylal anine), 20 (phenyl al anine),
and 23 (aspart® eyngestite 30hunan A-beta peptide (SEQ ID NO 1) 6, The

pol ypeptide according to any of the preceding clainms, wherein the |1C50

value as neasured in a TR FRET binding assay (using ABI 1002 = SEQ ID WO
2011/ 16750 7CTTHER2OTA1088GE0ONMBE amdiABIMe0ioS, SEMTein sRi nYpPeide

conpetitors) is.in.th n - 10- B ably in

t he range of f%ogmrge%%fé%fg&rarﬁl%&ﬁ? %&@h?@(@%h%%a&%@gﬁ IIei tre.ﬁ%%].(aﬁrhe d
pol ypepti de acamngiogtptiuiinaimglefardids deminsdadjnghersgiuntus@ai d pol ypepti de
conprises two A- a_ hinding.i n i j\nal rk abl ommins, said
manogl obul | %t et GHFY | EF B DoneHe e g one R Ut o BRG 1 -
CDR(1)1 - FR(1pR(21 CORFEPP - FRE)2) SDREPR( ERB2)3 -FROR)AS - &Rd2)4, FR(2) 1

- CDR(2)1 - FR(ZSZZ - CDR(2)2 - FR(2)3 - CDR(2)3 - FR(2)4, 10respectively,
nd whérei n CORER§SIVEY, fromthe group consisting of: the am no

a gedively, aad BeeeRin

aci d sequences according to SEQ ID NO 13 and SEQ ID NO 16; and 15- am no

acid sequences which have up to three, prefgernablel up to two, and nore
preferably oneCBRIHS imselaciediiram dircarods cobapBI%alt o said am no acid

sequences accor g{é;%nﬁn%()%&%éé&&é}@e%%c%rd" %Ig%%l% Mo-1besRenth velng:18nd

CDR(2)3 is sele group consi st1 ng the am no acid sequence
according to Sk@ | D NO 19; and 20- ami no acid sequences which have up to

three, preferably.up t.g9 two, and ,m ) | i f ference
as conPared to @é”&‘? ﬁﬂgﬁgq%'?@ss%wg}iﬁﬁgé gé?‘é?’ﬁi&%g& E %rﬁ%ﬁﬁﬁg%&lﬁﬂ or
wher ei n 25 CDRd)e3preterablyeticeshihb eitid ditfeghos ps congpiastd tegsand aming Aedami no
aci d sequence according to SEQ I .. and ] acl d_seguences ich
have up to thre&Uepres g?%ﬁvggﬁsg&%%-ﬁaf %@%&&@éﬁ?@ﬁ%ﬁﬁéyﬂﬂ aci d
di fference as Bﬁg@%%lsé@c@@iffbuﬁﬂié@ro@@idén%ﬁ@gwﬁnce according to SEQ ID
NG 19; and CDR?Z) is selected fromthe gr oug consi st n% of :

- the amino acid sequence according to SEQ ID NO:19; and

20 - amino acid sequences which have up to three, preferably up to two, and
more preferably one amino acid difference as compared to said amino acid

sequence according to SEQ ID NO:19;

or wherein
25

CDR(1)3 is selected from the group consisting of:

- the amino acid sequence according to SEQ ID NO:19; and

- amino acid sequences which have up to three, preferably up to two, and

more preferably one amino acid difference as compared to said amino acid
30 sequence according to SEQ ID NO:18; and

CDR(2)3 is selected from the group consisting of:

- the amino acid sequences according to SEQ ID NO:13 and SEQ ID NO:16;

and
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the am no acid sequences according to SEQ ID NGO 13 and SEQ I D NO 16; and -
126 - WO 2011/ 107507PCT/ EP2011/ 053090 - ami no acid sequences which have up
to three,wpnrefignadry up to two, and nore preferably onePamiRPe01AOF3H0

di fference as conpared to said am no acid sequences according to SEQ ID

NGO 13 or SEQ ID NO 16, respectively. 58. The pol ypeptide according to any
of clainse 2 to 7, wherein the CDR sequences of said first inmunogl obulin
vari abl e domain (CDR(1) sequences) and the CDR sequences of said second

i | obul i ‘iable d i fi foll :
COR(1) 5 SEQ 1 DARIAA0 GERREASFS B PYS Y BTt 2y ueds ffndly ©
CDR(2) 1: SEQ I|dsNQrdferabiRngd)atninSBaQd d¥dNeni8 as compared toGIaR{ 2)rdno &EQ | D

NO 19 150r: CDR(1)1: SEQ ID NG 14 CDRblﬁ gga\léD &615 CDR&].@I:SZ SEQ ID
NO 16 CDR(2) 18e0SEQetDraqording 50 E6R B MO SEey  NY16, e 8eYsEQ 1 D
NO 19 or: CDR(1)1: SEQ ID NO 17 CDR(1)2: SEQ ID NO 18 25 CDR(1)3: SEQ I D

NO 19 CDR(2)1 SEQ ID NO 11 CDR(2)2: SEQ ID NO 12 CDR(2)3: SEQ I D NO 13 or:
30CDR( k) 1: SBEQ hedpdigpatideGDRem)IRY tosEy ¢iplaimsiBtcchryherein the@4D NO 19
CDR(2)1: SEQ ID NQ 14 : / “TEP KPRE &% | D
NC. (15) - CDR( 2)%‘3;6"}"%@%% Wﬁ#}ﬁ'%ﬁg&ggdfﬁé%%%g@gﬁ éCDaccor %‘%Lgegnctégpany of
t he precedi ng sicihes;DRtvenesncdshef sapbtgqeptindenogiabuiis garizble degwrin

i mmunogl obul i n_si e variable d in_and.a second i munogl obulin single
vari abl e domai @%@?@Wﬁe@gﬁ as (?%%egrﬂ#ﬂ%%ﬁobul in single variable domain
is VHH donai n .A@DR)@ ( SEQ IPN®44), and said second i mmunogl obulin single

variable domain is H domai n ABI | 059 (SEQ I D NO:45), or wherein said first
i munogl obul i m &0l SEQID NO:2

- CDR(1)3: SEQ ID NO:13
CDR(2)1: SEQ ID NO:17
CDR(2)2: SEQ ID NO:18
CDR(2)3: SEQID NO:19
15 or:

CDR(1)1: SEQ ID NO:14
CDR(1)2: SEQID NO:15
CDR(1)3: SEQ ID NO:16
CDR(2)1: SEQ ID NO:17
CDR(2)2: SEQ ID NO:18
CDR(2)3: SEQ ID NO:19
ofr:

CDR(1)1: SEQ ID NO:17
CDR(1)2: SEQ ID NO:18
CDR(1)3: SEQ ID NO:19
CDR(2)1: SEQID NO:11
CDR(2)2: SEQ ID NO:12
CDR(2)3: SEQ ID NO:13
or.

CDR(1}1: SEQ ID NO:17
CDR(1)2: SEQ ID NO:18
CDR(1)3: SEQ ID NO:18
CDR(2)1: SEQ ID NO:14

]

§

20

3

25

30
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10vari abl e domain is VHH domain ABI 1059 (SEQ I D NO: 45), and said second

i rnmunogl obulin single variable domain is VHH domain ABI1035 (SEQ ID

NO 44). WO 201110750The pol ypepti de according to any of clrairm®2diit0e3099
wherein the pol ypeptide 15additionally includes a half-life extending
noiety. 11. The pol ypeptide according to claim 10, wherein said half-life
extending noiety is covalently linked to said polypepfide and is sel ected
fromthe group consisting of an al bum n binding noiety, such as an

anti-al bumn 20 jmm nogl in d in, atransferrin binding noiety, such
as an antitransﬁgyﬂﬂﬁaiﬁ%%ﬁhé“ﬁ%g in domain, a polyethylene glyco

nol ecul e, a rep@ﬂyﬂgggtggmy@mnyhgne gl ycol nol ecule, human serum al bum n,
a fragment of human Serum al bum n, and an al bumi n bi ndi ng peptide. 2512.
The pol ypeptide according to any of clains 10 and 11, wherein the

pol ypeptide,is il IS inf0 hHeedh irgkes havi ng
520 D Nos: 020" TE P A EHlie %511y Do CRO TSN Ao R e

pol ypept i de coppypasitidg compeisas adirsrignafnogipbiutinmsivel wiabilsdemat @dar i abl e
30domai n essential l,y consisti f.f r i QR R1 to FR4,
respectively) %\Wnﬁﬁ?‘wn@g%y@%@ﬁt@?ﬁ#{?bﬁ e@%ﬁﬁh%é%&%g?@g@&(m to CDRS,
respectivel y), inhenajitbusiai shgiDRasatte enoedn &réHid eloiresd ABS0BBKPBWID CDRL: SEQ

D NO: 11 WO 2011/ 107507PCT/ EP2011/ 053090 .. ; D NG, CDR3: SEQ
ID NO 13 or N%Mgl an@@%@@@&%m!ﬁumﬁz ul @@ﬁ@? '5‘ %’ZVH@DRS: SEQ
:\Ig Tg) 1(154OFA d?ma;nm_ d 565ER G I N©:47), or WRBRIn SEQ firf thﬁvaﬂlj&ggdlﬂwﬁ& ing®EQ I D

1 19. : pol ypepti de conprising or_consistin _ omai n _havi ng an
ani no aci d seqvRiRiRE §@F‘é@t'§%‘fl‘i‘ 6%%%“%@%@&@&%@&*‘@%@?@ : 47 to
111. 1515. Thewhx&%&éauﬂ%a@g}&%ﬁémg dofhafit RIVMAAoRkais ABIOBS4SEQriDUse in the
construction of a biparatopitc A-beta binding pol ypeptide according to any
of clainms 1 toN0244)2016. A nucleic acid nolecule, preferably in isolated
form conprising a region encoding a pol ypeptide according to any of clains
1 to 15. 17, An expression vector conprising a nucleic acid nolecule
accordi ng tt0.chaé polipepte dRordingtsanygel dlaioar T {0 Bgvberexipe eodipentidect or

according to claim 17 .wherein, sai.d host . .cell .i.s capable of expressing a
poi ypeft i de ac@@@'g%’??dﬁyt'%gﬁ% %]ha@:iu% ?@e d'?%%@and wherei n said host cell

is a prokaryotic or a eukaryotic cell. 3019. A pharnaceutical conposition
conprising (i)_as the active ingredient, one or nor ) t,.des according
to any of c%’hi fie polygentifle W"@”gg jo dapp AP ybei&in E%gl?‘?ﬁ'i‘k%g’gtgﬁ%'f‘% carrier,

ggg 1;)%'728?:33?%&%&%)181?06%?0@8 hkedt il pBlypepitida@nis Wtﬁ ﬂ:ﬁﬁ’ﬁhé lgr@gr . WO
consisting of an albumin binding moiety, such as an anti-albumin
20 immunoglobuiin domain, a transferrin binding molety, such as an anti-
transferrin immunoglobulin domain, a polyethylene glycol molecule, a
recombinant polyethylene glycol molecule, human serum albumin, a

fragment of human serum albumin, and an albumin binding peptide.

25 12. The polypeptide according to any of claims 10 and 11, wherein the
polypeptide is selected from the group consisting of polypeptides having
SEQ ID NOs: 26 to 32, 34 to 43, 142, 143, and 145 to 152.

13. A polypeptide comprising or consisting of an immunoglobulin single variable
30 domain essentially consisting of four framework regions (FR1 to FR4,
respectively) and three complementarity determining regions (CDR1 to
CDR3, respectively), wherein said CDR sequences are defined as follows:
- CDR1: SEQID NO:11
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20. A nmethod of manufacturing a pol ypeptide according to any of clains 1 to
15, conprising the steps of culturing a host cell according to claim18
under comsiotzoom7ionat al | ow 5expressi on of a pol ypepti decampeoidiossyos o any
of claims 1 to 15; recovering said polypeptide; and purifying said

pol ypeptide. 21. A polypeptide according to any of clains 1 to 15 or a

phar maceuti cal 10conposition according to claim19 for use as a nedi canent
for the treatnent, prevention or alleviation of a disease, disorder or
condition in a human bei ..~A pol ypeptide according to any of clains 1
to 15 or a phar 1ﬁ§%§q@§@§ﬁgosition according to claim19 for use as a
medi cament for. tderihes@peotncak treatnment, prevention or alleviation of a
di sease, disorder or condition in a human bei ng, wherein said disease,

di sorder or cofidition is selected fromthe group consisting of

neur odegener at i endi s SpQndigsorders, Al zheimer's di sease, denentia of
the Al zheinmer type, dry AMD, 20gl aucoma, cerebral anyl oid angi opathy,
trisonys 21 ( DowCBRByriek@ie8)NCddul t Down syndrone, hereditary cerebra
henorrhage with #p%ﬂg ”Bfaéﬁ%he Dut ch-type (HCHWA-D), denentia with Lewy
Bodi es, frontotégg% al “TObar dedeneration, glaucoma, anyotrophic |ateral
sclerosis, spovadic inclusion body nyositis, and anxi ety disorder in an

el derly human subj ect. A_pol ypepti de according to any of clains 1 to
15 or a pharna&3§¥§i318%§&é§gPﬁﬁon according to claim19 prepared for being
adm ni stered to @hepmegehenngoiie need t hereof by intravenous or

subcut aneous injection. 3024. A nethod for the prevention and/or treatnent
of a di'sease or @PBdr deEURNOIIE associ ated with A-beta deposition, wherein
said nethod conprises adm nistering, to a subject in need thereof, a
pharmaceutically active amount - 130 - WO 2011/ 107507PCT/ EP2011/ 053090 of
at |east ond4.pélpghesptide carperiimg coosialing efa Yl demaintaving g agino

phar maceuti cal _¢. LL1.0 i t hAR; inde) 1.
Bccording 1o aRy oPUpphiIFEER e ol Tttty Ao r A DTN o
according to claim19 prepared for the admnistration in conbination with a

t herapeutic,agent selected fromthe gr onsl.sij . ‘ :

Capr ospgt nol 1§N§Bf? @38’@;% agLor &]89 it%ﬁ%mR Uﬁ%ﬁ#ﬁ@%‘ﬁ‘i %?’gg% ir%]g%o gﬁ%%tgcgest ,
BVS- 708163, BMaf 29839dtopit Moedi33indifig polyiNepifbacdddriing 7654 of Blblks818463,

ELN- 475513, Begacestat, E-2012, CHF-5074, 10D nebolin, and PF-4494700, 26, A
t herapeutic agéﬁt sel ected fromthe group consisting of ELND 005,

Caprospi nol, NRM 8499, PBT-2, Posiphen, EHT-0202, CTS-21166, Semmgacest,
BMS- 708163 W™B-299897, BMS-433796, ELND- 006, ELN- /5475516, ELN- 318463,

ELN- 475513, Begacestat, E-2012, CHF-5074, D nebolin, and PF-4494700,

prepar e 1 0fst e, gl BLAUHALLAR bRIEGABNINRIAB) Wik camPALNEEPEGAM accor di ng
to any “of clains 0 or a pharnacedtical conposition according to claim
19 to a pati enentodingaddypepticé aceoding to apkaf sleéeutitedb. conposi ti on
conprising (i) one of nore polypeptid s according to any of clains 1 to 15,
and (ii) one or nore additional therapeutic agents, preferably sel ected

from the gr omp Apan@edsictoversiorEddiipds a GapleaspiidolojedNRVe 848dINg RBTI2AT
Posi phen, EHT-0202, CTS-21166, Senmgacest, BMS-708163, BMS-299897,
BNVB- 433796, ELNB- 006, ELN

25

18. A host cell carrying an expression vector according to claim 17, wherein said
host cell is capable of expressing a polypeptide according to any of claims 1

to 15, and wherein said host cell is a prokaryotic or a eukaryotic cell.

30 19. A pharmaceutical composition comprising (i) as the active ingredient, one or
more polypeptides according to any of claims 1 to 15, and (i} a
pharmaceutically acceptable carrier, and optionally (iii} a diluent, excipient,

adjuvant and/or stabilizer.
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25475516, ELN- 318463, ELN-475513, Begacestat, E-2012, CHF-5074, Dinebolin,
and PF-4494700, and (iii) a pharmaceutically acceptable carrier, and

opti onal Iwo@buy10asodi | uent, exci pi ent, adjuvant and/or stabidPe@ens30oes. A
pol ypeptide according to any of claims 1 to 15 for the reduction of A-beta
30l evels in a body fluid, and preferably for the reduction of the |evel of
sol uble A-beta in blood. WO 2011/107507PCT/EP2011/053090 29. A pol ypeptide
conprising a first imunoglobulin single variable domain and a second

i mmunogl obul in single variable donain, wherein the CDR sequences of said
first imunogl obulin variable domain (CDR(1) sequences) and the CDR

sequences ALY irdhoued (GG
are defi ne%f as@%tmﬁﬂﬂahu U%Q%%vaaéla@%bﬁz 1) 3: nyédB(R( 2) 1:3)?8!%%?2;;:8)

g( g) 3: or: compn%mwg)qemo CDR(1)2: 15CDR(1)3: CDR(2)1: CDR(2)2:
CDRg 2% g g; IW&Q %:%s&(c%&&ar%mg%a%MS u%(c%hértm@ﬁ(a@hgevﬂ&
CDR( 2) 2: express&@@f(@p@iypeptide according fo any of ciasms 1 to 1é

- recovering said polypeptide; and

- purifying said polypeptide.

21. A polypeptide according to any of claims 1 to 15 or a pharmaceutical
10 composition according to claim 19 for use as a medicament for the
treatment, prevention or alleviation of a disease, disorder or condition in a

human being.

22. A polypeptide according to any of claims 1 to 15 or a pharmaceutical
15 composition according to claim 19 for use as a medicament for the
therapeutical treatment, prevention or alleviation of a disease, disorder or
condition in a human being, wherein said disease, disorder or condition is
selected from the group consisting of neurodegenerative diseases or
disorders, Alzheimer’s disease, dementia of the Alzheimer type, dry AMD,
20 glaucoma, cerebral amyloid angiopathy, trisomy 21 (Down’s Syndrome),
adult Down syndrome, hereditary cerebral hemorrhage with amyloidosis of
the Dutch-type (HCHWA-D), dementia with Lewy Bodies, frontotemporal
lobar degeneration, glaucoma, amyotrophic lateral sclerosis, sporadic
inclusion body myositis, and anxiety disorder in an elderly human subject.
25
23. A polypeptide according to any of claims 1 to 15 or a pharmaceutical
composition accerding to claim 19 prepared for being administered fo a

human being in need thereof by intravenous or subcutaneous injection.
30 24. A method for the prevention and/or treatment of a disease or disorder that is

associated with A-beta deposition, wherein said method comprises

administering, to a subject in need thereof, a pharmaceutically active amount
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SEQ ID NO 11 SEQ ID NO 12 SEQ ID NO 13 SEQ ID NO 17 SEQ ID NG 18 SEQ I D
NO 19 SEQ ID NG 14 SEQ ID NO 15 SEQ ID NGO 16 SEQ ID NO 17 SEQ I D NO 18 SEQ
| D NO 19 wB@oi1inoko717 SEQ O NO 18 SEQ I D NO 19 SEQ | D NecIEPIHQ05IDINO, 12
SEQ ID NO 13 SEQ ID NO 17 SEQ ID NGO 18 SEQ ID NO 19 SEQ ID NG 14 SEQ ID
NO 15 SEQ ID NO 16. - 132 - WO 2011/107507PCT/ EP2011/ 053090 30. A

pol ypeptide conprising a first imunoglobulin single variable domain and a
second i mmunogl obulin single variable donmain, wherein said first

i mu | obul i i ngl i abl e in.i [
and. Said secori & RFSHY BEAPPRICS FOPEIUGIA A6l & GOR h L 9F# donai n ABI | 05b

(SEQ I D NOAS) o imsBafiRialcsiabskifid Sécordbin@alaphubi n singl e variabl e domain
is VHH donmain ABI'1 059 (SEQ I D NO 45), and said second inmunogl obulin single

variable domain is VHH domain ABI 1035 (SEQ ID NO 44). 1031. The pol ypeptide
accordi ng a% ?F%é&i&raﬁgﬁi@ ﬁpany\@ﬁéi&%ﬁ“sdi E’g‘li?@l}? eBhseadgi tional Iy

i ncludes a e extendi ng noi ety, sai e extending noiety
bei ng pr ef er abdoynmmsitectadofdingric ¢Haing i © opereoes fathe gdafnigdrRt@NBhn n bi ndi ng

noi ety, such as _gn anti-al 1.0 1 I I PR t i }
bi ndi ng i et ﬁ@ﬁ%@%m&wsﬁ%giﬂ%r?ﬁ@é@n egg’igﬁlﬁ%e%rmnoglélo%hol%ipnégﬁggﬁ o?ffainn, a
pol yet hyl ene gtiyDlo0spCeprdseinol NRUIBASION BT - dPasinten, EMT -g284 & TSl ecul e,

h_urra_n serumal bum n, a fra o ) I i
bi i ng. pept | 106, Sefagacesl Bes (et TIBMERIR Sl M RepTEe ANBIRILT 1 g
of pol ypepti ggﬁm@%a%,@M%@@&@@E@Nmm,Bé@amtaazg-m2t GHF3507142, 143,

and 145 to 152.
10 Dimebolin, and PF-4494700.

26. A therapeutic agent selected from the group consisting of ELND-005,
Caprospinol, NRM-8489, PBT-2, Posiphen, EHT-0202, CTS-21166,
Semagacest, BMS-708163, BMS-299897, BMS-433796, ELND-006, ELN-

15 475516, ELN-318463, ELN-475513,Begacestat, E-2012, CHF-5074,
Dimebolin, and PF-4494700, prepared for the administration in combination
with a polypeptide according to any of claims 1to 15 ora pharmaceutical

composition according to claim 19 to a patient in need thereof.

20 27. A pharmaceutical composition comprising (i) one of more polypeptides
according to any of claims 1 to 15, and (ii) one or more additional therapeutic
agents, preferably selected from the group consisting of ELND-005,
Caprospinol, NRM-8499, PBT-2, Posiphen, EHT-0202, CTS-21166,
Semagacest, BMS-708163, BMS-299897, BMS-433796, ELND-006, ELN-

25 475516, ELN-318463, ELN-475513, Begacestat, E-2012, CHF-5074,
Dimebolin, and PF-4494700, and (i a pharmaceutically acceptable carrier,

and optionally (iv) a diluent, excipient, adjuvant and/or stabilizer.
28. A polypeptide according to any of claims 1 to 15 for the reduction of A-beta

30 levels in a body fluid, and preferably for the reduction of the level of soluble
A-beta in blood.
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29. A polypeptide comprising a first immunoglobulin single variable domain and
a second immunoglobulin single variable domain, wherein the CDR
sequences of said first immunoglobulin variable domain (CDR(1) sequences)
and the CDR sequences of said second immunoglobulin variable domain
(CDR(2) sequences) are defined as follows!

CDR(1)1: SEQID NO:11

CDR(1)2: SEQID NO:12

CDR{1)3: SEQID NO:13

CDR(2)1: SEQID NO:17

CDR(2)2: SEQID NO:18

CDR(2)3: SEQID NO:19

or:

CDR(1)1: SEQ ID NO:14

CDR(1)2: SEQID NO:15

CDR(1)3: SEQ ID NO:16

CDR{2)1: SEQID NO:17

CDR(2)2: SEQID NO:18

CDR(2)3: SEQ ID NO:19

or:

CDR(1)1: SEQID NO:17

CDR(1)2: SEQID NO:18

CDR(1)3: SEQID NO:19

CDR(2)1. SEQID NO:11

CDR(2)2: SEQID NO:12

CDR(2)3. SEQID NO:13

or:

CDR(1)1: SEQID NO:17

CDR(1)2: SEQ ID NO:18

CDR(1)3: SEQID NO:1©

CDR(2)1: SEQID NO:14

CDR(2)2: SEQID NO:15

CDR(2)3: SEQID NO:16.

§

]

g
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30. A polypeptide comprising a first immunoglobulin single variable domain and

31.

32.

a second immunoglobulin single variable domain, wherein said first
immunoglobulin single variable domain is VHH domain ABH035 (SEQ ID
NO:44), and said second immunoglobulin single variable domain is VHH
domain ABIIO59 (SEQ ID NO:45), or wherein said first immunoglobulin single
variable domain is VHH domain ABII059 (SEQ D NO:45), and said second
immunoglobulin single variable domain is VHH domain ABII035 (SEQ ID
NO:44).

The polypeptide according to claim 29 or claim 30, wherein the polypeptide
additionally includes a hali-ife extending moiety, said half-life extending
moiety being preferably selected from the group consisting of an albumin
binding moiety, such as an anti-albumin immunoglobulin domain, a
transferrin binding moiety, such as an anti-transferrin immunoglobulin
domain, a polyethylene glycol molecule, a recombinant polyethylene glycol
molecule, human serum albumin, a fragment of human serum albumin, and

an albumin binding peptide.

A polypepfide selected from the group consisting of polypeptides having any
of SEQ ID NOs: 26 to 32, 34 to 43, 142, 143, and 145 to 152.
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