Use of an anti-Tau pS422 antibody for the treatnent of brain diseases The
present invention relates to the use of an anti body whi ch binds

speci f i cavbyotooi4pizeasphoryl at ed Tau fragnment of SEQ | D Nec®/npp84a23431f or t he
treatment of brain diseases. Background of the Invention Human Tau

(M crotubul e-associ ated protein Tau (Neurofibrillary tangle protein, Paired
helical filanent-Tau, PHF-Tau) is a neuronal m crotubul e-associated protein
found predom nantly in axons and functions to pronote tubulin

pol yneri zation and stabilize mcrotubules. Six isoforns (isoformA, B, C

compri i ng 441 G0 AEARARET 4 BB A Sy P LG Fetes bEpreid et s "

properties are al so described by Reynolds, CH et al., J. Neurochem 69
(1997) 191- IB&: présent inventios rdigtee tpthessh of ph angbodyowhichi tandshspepdically to
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neur of i bril [7ar ons in ei mer i seas rain. u can
phosphoryl atdgeases.-its serine or threonine residues by several different
ki nases i ncl udi ng GSK3beta, cdk5, MARK and nmenbers of the MAP ki nase

fam ly. Tauopsdisr gﬁn@betﬂé@w@ﬁ&{i zed by abnormal hyperphosphoryl ati on of
Tau and are according to Igbal, K et al. (Biochimca et Biophysica Acta
(BBA) 1739 (,2005 98-210):. Al zhei ner di sease, ~incl udi tangle-gnly form
Ot heS i sediumabin ARt e -SRgee petSt Tl Ry e FidRn
conpl ex  DenkaiteddepcalifilaraenteBau, PHFKT ali) Sea seurobe meicratabwie-aksoaragd ptein i ¢
grains Fro - i LCO- { ot

Par 11 do- pont 507 BEPaiSTE Bhor antuhoris 07 BRmIE AR Bl Mtrization and
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Reynolds, C.H. et al., J. Neurochem. 69 (1997) 191-198.

Tau, in its hyperphosphorylated form, is the major component of paired helical
filaments (PHF), the building block of neurofibrillary lesions in Alzheimer’s
disease (AD) brain. Tau can be phosphorylated at its serine or threonine residues

15 by several different kinases including GSK3beta, cdkS, MARK and members of the
MAP kinase family.

Tauopathies are characterized by abnormal hyperphosphorylation of Tau and are
according to Igbal, K. et al. (Biochimica et Biophysica Acta (BBA) 1739 (2005)
198-210):

20 « Alzheimer disease, including tangle-only form of the disease
» Down syndrome, adult cases
» Guam parkinsonism dementia complex
» Dementia pugilistica
* Pick disease
25 » Dementia with argyrophilic grains
* Fronto-temporal dementia
* Cortico-basal degeneration
* Pallido-ponto-nigral degeneration
* Progressive supranuclear palsy

30 « Gerstmann—Striaussler—Scheinker disease with tangles.



23645-23654). The devel opnent of Tau pathology in Al zheiner's disease is
related to it's phosphorylation state. However, nobst of the 40

phosphor yWweatiwi4g428es are not associ ated with di sease pRCHGIP2YY/08343te t hey
are also found in Tau extracted fromhealthy, fetal brain tissue. Only a

f ew phosphoryl ations are unique to the d sease state and are presunably
responsi ble for the abnormal, characteristic insolubility and aggregation
that define Tau in the PHFs of Al zheiner brain (Mrishim- Kawashim, M et
al., J . Biddo fa@lﬁéﬁﬂﬂZ@sérﬂr&Q(S) /B2 RAT) pAcsphodilatgpnt BtePdiye Bekn foundlin ,
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cortex from control's. Bussiere, at hol .
97 (1999) 22ssgPyd Hathcdipesse p@ﬂhalogpswayﬁﬁb?wfgtaé%ﬁ’ f iR &Efxgﬁct*?‘igfpﬁi ot ei ns

is a pathol quaﬁﬁil Rl beAe tisuN Orily aSteweptaisplcbryaasmam triqueetr thii disdabé ar y
degenerati on.
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(2006) 100544 ) S 68, D PREHOM | sy PoTANGESHZR s PG, par

of the maturati on prooces associ ati on
with dével omlngIOpmahd!fonghmmqrér Dispsse Mn@@@%ﬂ 889883 thep guisng flitgptiFei mer ' s

di sease. z;%f vided Birdted Mnd %cl%hr m@@r’ﬂ{a‘u@ﬁ abButBVRieh @MthBk @ﬂ@syé‘re sB@é‘iﬁc t@nmun.
379 (2009) 0- 405 that doub e tra eni c ngB%IERS m ce owe - f ol

i ncreased nufrBebraings Pei Jised anfpt BIP%SRCI‘E fhodies t?a “s PFP%F y

phosphoryl attﬁ&rtlé\%kpﬁhtthe|h@ﬁio@ér|lat&4&2themddikﬂeemﬁ?ﬁmt Zortek. freh 29 AD(&ei Ehce 293
(2001) 1491- 1411%)‘1)s reported the appearance of Tau phosphorylated at S422 in
the brains of°™& P301L transgenic mice injected with Abeta42 fibrils. EP 2
009 104 relates to epitopes of the Tau protein which occur in a

phoshdbyl at eBussicat.e Ti. netTal  fAotae NeufapathoN Hei( HS9) s221-23Qs alepgrbes afidt t o t he

use of said 0 e r t
detecting A Qﬁjeﬁﬂ&?&ﬁgguge% ‘é%%% Vi 8’82@%&%&%5%%3%8&%18@%?“%&%]hﬁ/d in

6, 180 ate to
ant i bodi es wievprah disgeses (yith pgurpgb %WWF%W‘V‘ rugystinask, §- {r%fiﬁ
protein and N‘b@ﬂp&ﬁbu FOﬂE@OQ}"%-@B?dédcﬁba@SQm gs torrélefigd wah the sé&ezinyebfrer s
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20 97 (2006) 1005-1014) describe the phosphorylation of Tau at S422 as being part of
the maturation process of PHFs. Tau pS422 is also found in association with
developing pathology in various transgenic mouse models of Alzheimer’s disease.
Thus, Deters, N. et al. mention in Biochem. Biophys. Res. Commun. 379 (2009)
400-405 that double-transgenic Dom5/pR5 mice showed 7-fold increased numbers
25 of hippocampal neurons that contain Tau specifically phosphorylated the
pathological S422 epitope. Goetz, J. et al. (Science 293 (2001) 1491-1495) reported
the appearance of Tau phosphorylated at S422 in the brains of Tau P30IL

transgenic mice injected with Abeta42 fibrils.

EP 2 009 104 relates to epitopes of the Tau protein which occur in a phoshorylated
30 state in Tau protein from Alzheimer’s disease PHFs and to the use of said epitopes
for the generation of antibodies specifically detecting Alzheimer Tau protein.
WO 2002/062851 and US 7,446,180 relate to antibodies with a specificity to an
abnormally truncated form of Tau protein and diagnostic and therapeutic aspects in

relation to Alzheimer's disease and related Tauopathies.



conprising the step of adm nistering to the patient an anti body agai nst
phosphoryl ated Tau fragment of am no acids about 207 to about 222, am no
aci ds abowo 28@i4e£23about 240, and ami no acids about 390 PCH/EXROINN0GB.

Ani mal studi es where the phosphorylated Tau fragment 379-408 [P-Ser 396, 404]
is used to vaccinate Tau transgenic mceg are nentioned in Asuni, A A et
al., J. Neuroscience 27 (2007) 9 115-9129. US 2008/ 0050383 relates to

met hods of treating and preventing Al zheinmer's Disease or other Tauopathies
in a subj_l_ectwgy492§ldmm sl gred mgaan&hold of ateefimg fir pagiernwithMdlzbeinmnaldiseass bodi es
agai nst Tau ar e d e 1.87 P onal
anti bodi es a(,g)gmpssng.lﬁag %g QF adntuﬂ e?'ffl TTR thea al F)nt a8 n&ggﬁ o %:Hiéllnc
and Bi osour qhokpticylated Tmafragmaumfwryn@ﬂmﬂhé QuiZOR ttp @hoqth@% AR Agds

conpri ses an,anf hHp ﬂyal%d? 345 garicpaﬁl;ﬁ'}é adiROSHRP BYH 76 ﬁE'OLﬁMOSe P&nﬂﬁal‘@@dléér au

S422 characterized in specifical di
1E) ragn’zgﬁt Serwhgre.- mgppthfg(iaI% age g@lerrllt I3r7]8-4£08 FEPOS %bor%“?t 1S use Uto

3H2) - Pro- G nydeiald Brultfdimsh@iic Alide A% pndntibked 3 Akid) Adt kb, Il'altuﬁﬁéi&ﬁce but

not binding to K fragne 17,

for use in ti? (}6@7& ﬁ'g}é 8&a®$§8{%§%§§ nd 81 éh{%g Q{‘%(%dooﬁ%aln l\l%e%t The
i nvention cqﬁpverﬁmg Aephdinver'd Diseats odother Tauopathjesgh@syuhiect baadaimstedeg | ne
422 (Tau pS42 % axﬁ%%% blzed in specifically binding to phosphoryl ated
Tau fragrrent %rl‘:) and to Tau pS422, but not binding to Tau and to
phosphoryl ated MCAK fragnment of SEQ 1D NO 17, for the manufacture of a
medi cdflent fMone¢lenalr entibrdies FRAAST AP PAY2 ot SGeHILEINEPhoTkamgHe, in

manuf act ur e. pFhg761%e nPd>19aoﬁamhb§&§s @%almmab%yzb aRdiongmatnyiphoniyitat ed

Tau, characteri zed |n |n ecif ng to the same epitope as

Mab2. 10. 3 ( alts Profel s FﬁSPB'iSFH aHB% ‘The invention conprises the use
of an anti body bi ndi ng phosphoryl ated Tau, characterized in specifically

bi nding to t$emature ofvhé¢ hpention Vab2. 10. 3 (anti -Tau pS422 anti body) bi nds,
for use in the treatnent of a Tauopathy or for the manufacture of a

medi cament f.pf, anlgntﬁ({n @(ﬁ[@r{%s 9{11 zﬂltﬂ;@ql}pgﬁlh%to ﬁﬁhﬁh&BBb@Pﬂé’d AGeAKEUPY to

thelnventlonseC| to ag ate
(fibrilblar), (T@Iﬂdﬁﬁ%} yharagigrizedin speeifigally B’@QW%@@@PERIW tTf?é‘dfF%’i‘fl on
Ser-Ile-Asp-Met-Val-Asp-Ser(PO3H,)-Pro-Gln-Leu-Ala-Thr-Leu- Ala -Asp

(SEQ ID NO:9) and to Tau pS422, but not binding to Tau and to phosphorylated
MCAK fragment of SEQ ID NO:17, for use in the treatment of a Tauopathy and

such a method of treatment.

20 The invention comprises an antibody binding to Tau, phosphorylated at serine 422
(Tau pS422), characterized in specifically binding to phosphorylated Tau fragment
of SEQ ID NO:9 and to Tau pS422, but not binding to Tau and to phosphorylated
MCAK fragment of SEQ ID NO:17, for the manufacture of a medicament for the

treatment of a Tauopathy and such a method for manufacture.

25 The invention comprises an antibody binding phosphorylated Tau, characterized in
in specifically binding to the same epitope as Mab2.10.3 (anti-Tau pS422 antibody)
binds.

The invention comprises the use of an antibody binding phosphorylated Tau,
characterized in specifically binding to the same epitope as Mab2.10.3 (anti-Tau

30 pS422 antibody) binds, for use in the treatment of a Tauopathy or for the
manufacture of a medicament for the treatment of a Tauopathy.



does not bind to nonphosphoryl ated Tau, nonphosphoryl ated Tau fragnment of
SEQ ID NO 10 and phosphoryl ated MCAK fragnment of SEQ ID NO 17. An

ant i body wocorudi4eg3t o the invention is preferably of hulran/EPe@/083481 ype. | n
a further enbodi rent of the invention an antibody according to the
invention is preferably of human 1 g4 suptype. The invention conprises an
anti-Tau pS422 anti body, characterized by conprising a) CORI H of SEQ ID
NO 6, CDR2H of SEQ ID NO 7, and CDR3H of SEQ ID NG 8, b) CDRIH of SEQID
NO 23, CDReH hsta Y Bopdmg, toathg iopreignofpegficalipbds 23, Tasy p¥43 sndbio SEQ | D

NG 59 Comorebreede (RN dfos Bt gt 0 ity b ofingth dERvERRP S
ID NO 47, CRiSRknofbisE® heaphspidrylard TGDRRHphdspHoEYhted Wau 4&enfent 6DRED of SEQ
ID NO. 55, CDR2H of SEQ ID NO 56, and CDR3H of SEQ | D.NO. 57, or g) CDR H of

SEQ | D NO 63D R} pngk phospharylated Me Ak, fagmentnt; 5Q B2 P b/No 65. Preferabl y
the anti body is characterized by conprising a) CODRIH of SEQ I D NO 6, CDR2H

of SEQ.ID NQ 7, H of SEQ I D NO 8 .and of .SEQ | r 3 L of SEQ
ID NO 2, CDF%%%%@%%%@ ,tgsynvmﬁlsw%%lr 8t ﬁa%g?gggﬁﬁm?- %I’—_"Q | D
NO 24, and GDRBtt ehb&ERehDoNEhE Snveatidn GDRrtibofly SEQ@rdMgN@ e, ir0BR2en ¢§ SEQ

| D NO 28, CDR H of SEQ ID NO 31, CDR2H of SEQ ID
NO: 32, and P‘%F%%@@fﬁghd CDR L of SEQ ID NO 35, CDR2L of SEQ

| D NO 36, CDR3L of SEQ ID NO 37,d) CDRIH of SEQ ID NO 39, CDR2H of SEQ ID
NO 40, and dR3Rvettiogromppssiayant-gayp$433 antigpdgchanacieniesdiby capposingf  SEQ

| D NG 44, CORBL oHRER IIREEIBNO:6, CDR2H of SEQ ID NO:7, and CDR3H of SEQ ID

10 NO:8,
b) CDRIH of SEQ ID NO:23, CDR2H of SEQ ID NO:24, and CDR3H of SEQ
ID NO:25,
¢) CDRIH of SEQ ID NO:31, CDR2H of SEQ ID NO:32, and CDR3H of SEQ
ID NO:33,
15 d) CDRIH of SEQ ID NO:39, CDR2H of SEQ ID NO:40, and CDR3H of SEQ
ID NO:41,
e) CDRI1H of SEQ ID NO:47, CDR2H of SEQ ID NO:48, and CDR3H of SEQ
ID NO:49,
f)  CDRI1H of SEQ ID NO:55, CDR2H of SEQ ID NO:56, and CDR3H of SEQ
20 ID NO:57, or
g) CDRI1H of SEQ ID NO:63, CDR2H of SEQ ID NO:64, and CDR3H of SEQ
ID NO:65.

Preferably the antibody is characterized by comprising
25 a) CDRIH of SEQ ID NO:6, CDR2H of SEQ ID NO:7, CDR3H of SEQ ID
NO:8 and CDRIL of SEQ ID NO:3, CDR2L of SEQ ID NO:4, CDR3L of
SEQ ID NO:5,
b) CDRIH of SEQ ID NO:23, CDR2H of SEQ ID NO:24, and CDR3H of SEQ
ID NO:25, and CDRIL of SEQ ID NO:27, CDR2L of SEQ ID NO:28,
30 CDR3L of SEQ ID NO:29,
c¢) CDRIH of SEQ ID NO:31, CDR2H of SEQ ID NO:32, and CDR3H of SEQ
ID NO:33, and CDRIL of SEQ ID NO:35, CDR2L of SEQ ID NO:36,
CDR3L of SEQ ID NO:37,



e) CDRIH of SEQ ID NG 47, CDR2H of SEQ I D NO 48, and CDR3H of SEQ I D NO 49,
and CDRIL of SEQ ID NO 51, CDR2L of SEQ ID NO 52, CDR3L of SEQ ID NO 53, f)
CDRI H of waQo10n4MN2355, CDR2H of SEQ | D NO 56, and CDR3HPO/EBEQOI0IB4BIO 57,
and CDRIL of SEQ ID NGO 59, CDR2L of SEQ ID NO 60, CDR3L of SEQ ID NO 61, or
g) CDRIH of SEQ I D NO 63, CDR2H of SEQ |13 NO 64, and CDR3H of SEQ I D NG 65,
and and CDRIL of SEQ ID NO 67, CDR2L of SEQ I D NO 68, CDR3L of SEQ | D NO 69.
Preferably the antibody is characterized by conprising a) a variable |ight
chain of SEQ)l D GOR1HaofSEQ VRN @i30e CRRAH) o£ BEQHDoNOSERah® (R 3H off SEL

vari abl e |ight EQ ID
NG 22, c¢) a variable I?g%@gq]%dr\]po@%%g [%I\"(%% ﬂg%ggsrﬁgaﬁﬂ; I\ﬁgéngchal n
of SEQ ID NO 30 CRR3E of SEQ BQ:#ght chai n of SEQ I D NO 42 and a vari abl e
heavy chain EBRA M@E%%JDGNOWV@U@{ 8f 5EQND NORdg) 2pf CPHAH BFNEPO and

"D NG 88 and Zvilﬁ Nioe b i DR oy o SRQSRINGNOUTE oriSEy (I GsBr, FFSY,
icE\e/uegt ;)LHS(I:E((;) I Pi ANOREE, oars@qanymro sblr_e heav]}/ chai n pf TSEQ | D NO 6:[2 The
Mab2.10.3. The | CBAR SRIIRNQEY Clltart or SEQYH Mo RTCIRATIY s ,
anti body Mab2. 108 NChE, and &DR D afobpQi B2NQ:59; cPR2epift PEQ 2 i¥@168d

vari ant of an ank y Mab2.10.3. Mab2.10.3 is characterized
by its variable c R}E%f ﬁ%)ﬁﬁsobgqgnd SEQ ID NO 2. The invention conprises

a humdfi zed gbarlgﬁRl&fOfaSE ADINGHF, FORZH ahSEQIM N eog COIREH0ABER i on

conprises a chi ngy Ne: Bﬁra{rﬁrﬁndoéDRﬁLad}tSE?_nt 11(3@4(272 @m'tmbf@ﬂw@nt@(}&% 6§he8422
ete varil an (0] an antl - l1au p

i nvention conprises_a T-ce pe de
anti body Mab 005D Bé&%é@Q@mpgct eri zed by its variable chains SEQ ID

Preferably the antibody is characterized by comprising
15 a) a variable light chain of SEQ ID NO:1 and a variable heavy chain of SEQ ID
NO:2,
b) a variable light chain of SEQ ID NO:26 and a variable heavy chain of SEQ ID
NO:22,
c) a variable light chain of SEQ ID NO:34 and a variable heavy chain of SEQ ID
20 NO:30,
d) a variable light chain of SEQ ID NO:42 and a variable heavy chain of SEQ ID
NO:38,
e) a variable light chain of SEQ ID NO:50 and a variable heavy chain of SEQ ID
NO:46,
25 f) a variable light chain of SEQ ID NO:58 and a variable heavy chain of SEQ ID
NO:54, or
g) a variable light chain of SEQ ID NO:66 and a variable heavy chain of SEQ ID
NO:62.

30 The invention comprises a humanized variant of an anti-Tau pS422 antibody
Mab2.10.3. The invention comprises a chimeric variant of an anti-Tau pS422
antibody Mab2.10.3. The invention comprises a T-cell epitope depleted variant of
an anti-Tau pS422 antibody Mab2.10.3. Mab2.10.3 is characterized by its variable
chains SEQ ID NO:1 and SEQ ID NO:2.

35 The invention comprises a humanized variant of an anti-Tau pS422 antibody Mab

005. The invention comprises a chimeric variant of an anti-Tau pS422 antibody



NG 26 and SEQ I D NG 22. The invention conprises a humani zed variant of an
anti-Tau pS422 anti body Mab 019. The invention conprises a chineric variant
of an antwoTaw/pes®32 anti body Mab 019. The inventi on coRpTiEPe&0M0IA3TE] |

epi tope depleted variant of an anti-Tau pS422 anti body Mab 019. Mab 019 is
characterized by its variable chains SE@GI1D NGO 34 and SEQ I D NO 30. The

i nvention conprises a humani zed variant of an anti-Tau pS422 anti body Mab
020. The invention conprises a chineric variant of an anti-Tau pS422

anti body MabMag 005 Thiee inveetivni @mprisepa iTsed] eifbpe depletediviaopet efeqnl antieflawar i ant

of an anti - S
vari abl e Chaﬁsﬁtg& ég?‘% M@gi@g N%}Bégé IF B%t%ﬁ?ed&ﬁ?%@%l?%&@%%@ 1|éjes a
humani zed vaNO26andfSEQ IRMO2Tau pS422 anti body Mab 085. The invention
conprises a chimeric variant of an anti-Tau pS422 antibody Mab 085. The

I nvention CORQY ing @ﬁtl(ﬁi &ngﬁlées 8 HiuhPiRezed Sakightest dddritADiu 9$4zammmou 'Mbb pS422
anti body Mab 085, I

s characteri zed b its vari e QID
NO 50 and SEQ% 6%&@“@%‘@@%@%1& W&%ﬁ?ﬂ fs ﬂ% &@gg %f an
anti-Tau pS4a2b anyi ’H@Mv&f&btﬂ&ﬁapnﬁhealmwlhéplmpe @Gﬂlletddmaﬁt @ﬁnmzam Tawari ant

cpi tope. deplaed apednMaB, Vi, (183 shassBYaley BE GOTHS oBERs ShRLTRee | <

char act eri zeNOB4 andSEQIDANOB0chai ns SEQ | D NG 58 and SEQ I D NO 54. The
invention conprises a humani zed variant of an anti-Tau pS422 anti body Mab

097. The in VR 'f‘%ﬂlﬁe R v%ﬁs%sﬁlﬁlméﬁ?iehq'ai’iﬁﬁt‘@"ﬁn Alti-2h o422 aa;bora )

anti body Mab tron conprises a T-cell epi ope d ed. vari ant
of anl18nt i - TRAY- Jbelinvenitanpempriges apdymeRg yagant ¢lsan ﬁ‘éﬁ‘ oy s
variabl e ChaM'aﬁ 025QrhinNehféh @?ﬁbrﬁ@@a'ﬂ&&;ﬁ&)peﬂb@letdﬂ%ﬂiahﬁ@f amaimr -Tses a

chineric, i.zed o e I, t depl et ed rLant f..a pS422
ant i body con&a‘{}g béﬁﬁ% 4”@&%“% EQ ?—@/@Y §I‘:‘61?9tt1) "?S E&@fu%

SEQ I D NO 8 N@MIBHSE@IDW&SD NO 3, CDR2L of SEQ ID NO 4, CDR3L of SEQ | D
NO 5 or a variable light chain of SEQ 1D NGO 1 and a vari abl e heavy chain of

s NO: 2. INia
EQID irltfee{dv@%(t%g{n &gﬁ?ﬁ%%%rﬂﬁa‘%%dant : 6 an Mm&h ?gﬁb?fmt_ﬁ)og§ M l?pQ' tope

depl eted vari an npris
NO. 23,15CDR2H&¥. The invention comprlses a chimeric varlant of an anti- Tau pS422 antibody

Mab 085. The invention comprises a T-cell epitope depleted variant of an anti-Tau
pS422 antibody Mab 085. Mab 085 is characterized by its variable chains SEQ ID
NO:50 and SEQ ID NO:46.

The invention comprises a humanized variant of an anti-Tau pS422 antibody Mab

20 086. The invention comprises a chimeric variant of an anti-Tau pS422 antibody
Mab 086. The invention comprises a T-cell epitope depleted variant of an anti-Tau
pS422 antibody Mab 086. Mab 086 is characterized by its variable chains SEQ ID
NO:58 and SEQ ID NO:54.

The invention comprises a humanized variant of an anti-Tau pS422 antibody Mab

25 097. The invention comprises a chimeric variant of an anti-Tau pS422 antibody
Mab 097. The invention comprises a T-cell epitope depleted variant of an anti-Tau
pS422 antibody Mab 097. Mab 097 is characterized by its variable chains SEQ ID
NO:66 and SEQ ID NO:62.

The invention comprises a chimeric, humanized or T-cell epitope depleted variant

30 of an anti-Tau pS422 antibody comprising CDR1H of SEQ ID NO:6, CDR2H of
SEQ ID NO:7, CDR3H of SEQ ID NO:8 and CDRIL of SEQ ID NO:3, CDR2L of
SEQ ID NO:4, CDR3L of SEQ ID NO:5 or a variable light chain of SEQ ID NO:1
and a variable heavy chain of SEQ ID NO:2.



SEQ I D NO 24, and CDR3H of SEQ ID NO 25, and CDRI L of SEQ ID NG 27, CDR2L
of SEQ ID NGO 28, CDR3L of SEQ ID NO 29,o0r a variable light chain of SEQ ID
NO 26 andwe@ 2oavi42d2Be heavy chain of SEQ I D NO 22. The i BRCEMPR@N/06HAPri ses a
chinmeric, humani zed or T-cell epitope depleted variant of an anti-Tau pS422
anti body conprising CORIH of SEQ I D NO31, CDR2H of SEQ I D NO 32, and CDR3H
of SEQ ID NO 33, and CDRI L of SEQ ID NO 35, CDR2L of SEQ ID NO 36, CDR3L of
SEQ ID NO 37 or a variable light chain of SEQ ID NO 34 and a vari abl e heavy
chai n of SEQHeOnMextRM. cohfiyrises dahimertic, hamanizeé or d-cdhli epptope  depletinvarmadt or

SR H of P SEN R BHE PR Lo APSRECIR M RESER DING ALY R b 19
and CDRI L ofSESEADIRONS, 484 WIRH affSESEADIRONS, 40 CEHRBL 06 SESEW INOKG, 45 or
a variable !¢QREL?JF%E(%2%;{$§QSL POYG144f 880 ® N&Y b £ vheady lighediebr SEQ | D

NG 38. The invention es a chineric, humani zed or T-cell epitope

depl et &d var$ERIDNOZR and @i varablehsavnchamn o) IPMNBr42%si ng CORIH of SEQ I D
NO 47, CDR2H of SEQ I D NO 48, and CDR3H of SEQ I D NGO 49, and CDRI L of SEQ
| D NO 51, CDRLin0éntinQdnipriNes 2Zhirkéds lhuifanGe@ok -0 GAtope depletod wdlaat | | ght

hain of SEQJD NO .50 i.abl e h '
O o M LT B8 B RSB R RPN STl
\(/:%rRizﬁnt f ofS BEQADI NDai2, psd ZDRBHI dfSKQ dDnF0: 3, agd CIDRR HL of SSEDIID INQI3S555,
of SE S 7 -
NO. 59, com%%?zgﬁgp@ ﬁ%qéﬁg gcg%{no?%%glpgq%%?p%rv g?‘%\}éa}‘gg%ﬁggf ibg)ht
chai n18f SECGHQIRDIBS4mnd axvaviabledispey ehaay 9t SEQIIR NO:38EQ 1 D NO 54. The

i nvention conprises a chinmeric, humani zed or T-cell epitope depleted

vari ant f OfS Eam%mkgﬁﬁmd@ﬁﬁ%%s artﬁihh?@bé éﬁﬁ’lféﬁfzbﬁ o g?g;gmp% @E@téd}«d&d@gﬁa 5
CDR2H o . , CDR3H o ) A

NO. 67, CDRz(L%ch?F‘ ’@éo'? ?‘ti’ﬁ%%@,“b%flmaf&%&%%‘%f FS%%E@H 0 St
chai n of SEQGREQ INONOXRGtdd L DRBHadkfl SEQdBVYOcHaiand 6IDISHQof BSEDIB NOHie

i nvention co hse A0 b &4 L ; | or
chimeri zati odr’TBic}? anflf SgEnc?? - ?’g‘g“és???%tﬁ?f %%%% D %ﬁgfgaért g??@%ﬁ@g%ﬁig%ﬁaﬁ ?gl ng
CDR H16f SEGE®@IRMG;42@pR2yashbiieayneham of SEQRBING38SEQ | D NO 8 and

CDRI Lof SEQ ID NO'3, CDR2L of SEQ ID NO 4, CDR3L of SEQ ID NO5 or a

vari abl e I'i gife fahtibrofonihiides B dNindri@MhnfinizRa o bl gelhgsitpe depiefedoVarh | D

NG 2. of an anti-Tau pS422 antibody comprising CDR1H of SEQ ID NO:47, CDR2H of
SEQ ID NO:48, and CDR3H of SEQ ID NO:49, and CDRIL of SEQ ID NO:51,
CDR2L of SEQ ID NO:52, CDR3L of SEQ ID NO:53 or a variable light chain of

20 SEQ ID NO:50 and a variable heavy chain of SEQ ID NO:46.

The invention comprises a chimeric, humanized or T-cell epitope depleted variant

of an anti-Tau pS422 antibody comprising CDR1H of SEQ ID NO:55, CDR2H of

SEQ ID NO:56, and CDR3H of SEQ ID NO:57, and CDRI1L of SEQ ID NO:59,

CDR2L of SEQ ID NO:60, CDR3L of SEQ ID NO:61 or a variable light chain of
25 SEQ ID NO:58 and a variable heavy chain of SEQ ID NO:54.

The invention comprises a chimeric, humanized or T-cell epitope depleted variant

of an anti-Tau pS422 antibody comprising CDR1H of SEQ ID NO:63, CDR2H of

SEQ ID NO:64, and CDR3H of SEQ ID NO:65, and and CDRIL of SEQ ID

NO:67, CDR2L of SEQ ID NO:68, CDR3L of SEQ ID NO:69 or a variable light
30 chain of SEQ ID NO:66 and a variable heavy chain of SEQ ID NO:62.

The invention comprises a method for humanizing, T-cell epitope depletion or
chimerization of an anti-Tau pS422 antibody, characterized in comprising CDR1H
of SEQ ID NO:6, CDR2H of SEQ ID NO:7, CDR3H of SEQ ID NO:8 and CDR1L



The invention conprises a nethod for humani zing, T-cell epitope depletion
or chinerization of an anti-Tau pS422 anti body, characterized in conprising
CDRI H of wBQu10D4M236, CDR2H of SEQ I D NO 7, CDR3H of SE®CIEPRO0SHAY CDR L
of SEQ ID NO 3, CDR2L of SEQ ID NO 4, CDR3L of SEQ ID NO 5 or a variable
light chain of SEQ ID NO 1 and a vari ahlge. heavy chain of SEQ ID NO 2. The
invention conprises a nethod for humanizing, T-cell epitope depletion or
chinmerization of an anti-Tau pS422 anti body, characterized in conprising
CDR H of SEQfISEQNG 28):3COBRALAT STERIDINGI3, DR Hnaif STERIB NO:58HQ vapaki@ 25,

d CDRI L of.. l.
:nvari abl e°|1}g§5&%ﬂg5§)ﬁ§@§§§? h“ﬁé) %%lé eal}p‘:ﬁgfli’naob %;ggvaﬁ g}?all E yfo éEQOIr D
NO 22. The invention conprises a nethod for humani zi ng, T-cell epitope
depl eti on orThehinventiomacpmprisss amethed fqrahurpsnzwgar”ft?%’oalgﬂmn?h%ffpé%tt%lr PZed in
f%”pNg 2 I:’-,ngar(]@m] HigkionsRah Bl %S@@%Hb@ciy, Sh&datteridéd inlconiiteh I]EBf SEE 5
A e R R

of tSEQ ! (EjD NCB@EQ TheNO! Bvemnmmmn?sws 142 ODR3106f $BQ 1PNt aii mgaridbleel |

epi tope depletio r i 0 nti - dy,

characteri zé bgtlﬁ %EEQ%NM% a%%%"ﬁﬁvlr\dﬁﬁ% %Hﬁ&p gEQyI D NQO 40,

and CDR3H of SEQID NO 41, and CDRIL of SEQ ID NO 43, CDR2L of SEQID

NO 44, CDR3LTlef ifSEQioDcMBpaSesoa methed ifeib hemeniging, dhedlh epitorsEdPnlgiqicon2 and

a var!apl e h&%xqﬂmp%f% aﬁﬁ%ugbé\@z%ubgw chiRERHEQNIC QR HHS CORTBL hod

or humani Zlozfg -ce l etion or chjneriz %lf) nti-Tau

pS42218nti b )SEQIIQME@@{CPBGH‘# iNQH4 R HRGHH @E‘%]Q I‘lﬁﬁﬁa’Z aRbRoH of

gFQS:EB :\lg 48cpring §PRBY ¢b RERT DCN@ABOfa;BQ (FDRNO 98 smamomsm IDCDR2L
r| EQ ID

NO 50 and g%ézz ‘HI%VFFé"g\]i?/?ghqa?%"bf’f%ES o ha .[ahgan \l/eeH & ncrhc?gr{rrpfl Ses a

met hod for hSBRIDAN@@E2. T-cel | epitope depleti on or chinerization of an
anti-Tau pS422 anti body, characterized in conprising CDR Hof SEQ I D NO 55,

B Lt AP e Lo T LB K G 553 b7
15 chlmenzatlon of an anti-Tau pS422 antibody, characterlzed in comprising CDR1H
of SEQ ID NO:31, CDR2H of SEQ ID NO:32, and CDR3H of SEQ ID NO:33, and
CDRIL of SEQ ID NO:35, CDR2L of SEQ ID NO:36, CDR3L of SEQ ID NO:37
or a variable light chain of SEQ ID NO:34 and a variable heavy chain of SEQ ID
NO:30.

20 The invention comprises a method for humanizing, T-cell epitope depletion or
chimerization of an anti-Tau pS422 antibody, characterized in comprising CDR1H
of SEQ ID NO:39, CDR2H of SEQ ID NO:40, and CDR3H of SEQ ID NO:41, and
CDRI1L of SEQ ID NO:43, CDR2L of SEQ ID NO:44, CDR3L of SEQ ID NO:45
or a variable light chain of SEQ ID NO:42 and a variable heavy chain of SEQ ID

25 NO:38.

The invention comprises a method for humanizing, T-cell epitope depletion or
chimerization of an anti-Tau pS422 antibody, characterized in comprising CDR1H
of SEQ ID NO:47, CDR2H of SEQ ID NO:48, and CDR3H of SEQ ID NO:49, and
CDRIL of SEQ ID NO:51, CDR2L of SEQ ID NO:52, CDR3L of SEQ ID NO:53

30 or a variable light chain of SEQ ID NO:50 and a variable heavy chain of SEQ ID
NO:46.

The invention comprises a method for humanizing, T-cell epitope depletion or
chimerization of an anti-Tau pS422 antibody, characterized in comprising CDR1H



or a variable light chain of SEQ ID NO 58 and a vari abl e heavy chain of SEQ
| D NO. 54. The invention conprises a nethod for humani zing, T-cell epitope
depl et i orworohi4pesi zati on of an anti-Tau pS422 anti bodpCTara01000387 zed i n
conprising CORIH of SEQ ID NO 63, CDR2H of SEQ I D NO 64, and CDR3H of SEQ

I D NO 65, and and CDRIL of SEQ ID NO 67,9 COR2L of SEQ I D NO 68, CDR3L of
SEQ ID NO. 69 or a variable light chain of SEQ ID NO 66 and a vari abl e heavy
chain of SEQ ID NO 62. Preferably the antibody binding to Tau pS422 and

bei ng char acifeSHQG 80 N©: 55 heDRRsvef SEQ ID MRS 6a:dODRS Hoo 580 dRA¥Q: 5dnandami no

aci d sequenc i foh I t r t w4 bod
binding to @BI‘E%@@M}R& {éﬁg{?gﬂ‘c@e@ﬁ@ﬁ %@%to hgi)g{)%vgpﬁggtlpgﬁ?&&am ng
aci d sequenaes wartibiniight cheindofs¥QdPCANOf S8aandemvaribde beavyushain 9§84Qslbt ype.
A further enpgdjyment of the invention is a pharnaceutical conposition

conprising an anti body according to the invention. A further enbodi nent of

the invention is the use of. an antjbody according_to the invention for the
nmanuf aét ur e Be HVERETHELBRIIFSaR rﬁ?fh%g?rt ﬁB‘H?mﬁ\mgu rT%‘I’Félr e@ﬁ%d&ﬁi?ﬂonof’rt he

it p\égtnt i otn i Sc_lt_ﬁhh@dih‘ﬁ%n(lff alaranantdubpsmf 26 EiBO Y, RPartactetibed immfﬁsﬁ'mg COR Itthe
ment a rqu I,$f i
i sease (Al SReTo Ao SREEE ofER BRI BrECRRIE AL QNGNS IR
gqulkt d_cas es)andGBR w&smgﬂﬂ NO:02n€PR2A oSO, NOe6®nEDPR3puefl SEQtIt a,
i ck di seas (l;&rrg WML B - Ophidd hs, i a,
Corti co- basgflqo' egepnéel?/glfl;imc%%\,hggg?%@"g%?ggn 5‘§L{ﬁ%{6§|a“§;§2%‘2aﬁfﬁgﬁﬂﬁa§g?§2; \alle

supr anlcl earSERQIEWO#Ad Ger st mann- St r aussl er - Schei nker di sease with
tangl es. A further enbodi ment of the invention is a nethod for the

manuf act ur e BtfatH) e REBLEY BRIdINROUPIRS §S40D 260 BBIRE ShitgcRizalby thedpove
according to the |8vent| on.. A further, enbodi

yent of the inventi is a
nucl ei ¢ aci dMERHBEH AR A\ SFARFREE 2N PIUI0) 2614 SoAueRC, HAFBFILS 1§ Pgﬁ‘fmﬁrﬁai n
¥ari ﬁbl e donlg'ccin alibgpe.afrefecayy atheondiibnglyt birdieg i tovdiaui S427heandvissing on
urt her provi,des, expression t p risi I ! oreing to
the inventi owaﬁagﬁeég?% of t}gﬁﬁ}ég\ges?lﬁ\%t%glmd) ahﬁ%(?gdlcgl gg‘ﬂ?ﬁkén‘s gﬁ%?dé‘?g%%?‘? cgor
euka:T%.(iti c hweguercelffagments ihoShumen [gG4btyieni ng such vectors for the
r econbi nant

A further embodiment of the invention is a pharmaceutical composition comprising

an antibody according to the invention.

A further embodiment of the invention is the use of an antibody according to the

invention for the manufacture of a pharmaceutical composition.

20 A further embodiment of the invention is the use of an antibody according to the
invention for the treatment a Tauopathy selected from the group consisting of
Alzheimer disease (AD), including tangle-only form of the disease, Down
syndrome, adult cases), Guam parkinsonism dementia complex, Dementia
pugilistica, Pick disease, Dementia with argyrophilic grains, Fronto-temporal

25 dementia, Cortico-basal degeneration, Pallido-ponto-nigral ~ degeneration,
Progressive supranuclear palsy, and Gerstmann—Straussler—Scheinker disease with

tangles.

A further embodiment of the invention is a method for the manufacture of a

pharmaceutical composition comprising an antibody according to the invention.

30 A further embodiment of the invention is a nucleic acid encoding a heavy chain
variable domain and/or a light chain variable domain of an antibody according to

the invention.



production of such an anti body. The invention further conprises a
prokaryotic or eukaryotic host cell conprising a vector according to the

i nvent i orwOBh®/id4ma2ent i on further conprises a method for PCHEPRIOMSABT on of a
reconbi nant human or humani zed anti body according to the invention,
characterized by expressing a nucleic agpd according to the invention in a
prokaryotic or eukaryotic host cell and recovering said antibody fromsaid
cell or the cell culture supernatant. The invention further conprises the
anti body obtBhenableatiby farthér providanbxprassiompiettods. cdinprisingeatnuwieié wacidher

i d f : ' ant. C '
The i nvent ; oREoifte b iVEafh EkbR0oChReTRANHOIRIGE ALY 1R DorBRAOBEL 0O | 0

the inventi g’ ] a monoc ant1 bodi es
bi ndi ng to Taeus84R¢c hdsstasiinamd hestsgle contaimingsush yértar or tkaregombinapbdi es

to phosphory, rg&‘?aii ;q%tpsﬁgmq,ogi,‘ SEQ ID NO9, to Tau and to phosphoryl at ed
MCAK fragne 0 §E I'D NGO 17, and selecting an antibody with a specific

bi ndi ng to sai d phosphoryl ated Tau fragnent of at |east 10,000-fold
conparéd to Th%‘%?ﬁ&%@‘“ﬁg CPOMPTISEH & RRPEARY Y ?Wyet‘f)?‘ﬂﬁi %Y xR 2

phosphor yl atwgtofabcdrdiagn® e idferdionl east 100-fol d conpared to its binding to
phosphoryl ated MCAK fragment Il e-G n-Lys-d n-Lys-Arg-Arg- Ser (PO
3H2) - val - Asn:.Ser - Lys- | l.e-, Pro- Al a 7 r r.abl -l.avention
conpri ses anFtléet H’S’(ﬁxéd} ﬁfrﬁheer scé)fné’c SFS(()ngﬁgF Jh_gd%%é‘iﬁ éﬁoglﬁcgé{fiog%dgecg@&dra |Yng to
the inventi dmmarhar altarearizald antibgdyoviceirdnga tnth einverttiono rdberastraizedneY bodi es
bi nding to T&@@%g% n&féi@wh%&qdﬁ&g@tﬁe G¥ehiforin ™ bRk aRfotie ¥ SuRiybROdy to
phosphoryl at e au fragnent of SEQ I'D NGO 9, to Tau pS42Z, to Tau and to
phospABr yI atkast sthand seggjresing said aspbpdyyirre sadrcellrdhe selt eplturg SURFTaR R ody
with a speciThe idveRor Qurtier SRIPrivb GRN@itHody asbtaladblé bagsiehta ftdmbiriait Tau
pS422 of at leﬁsﬁ 10, 000-fol d conpared to its binding to Tau, and with a
speci fic bi nd#FH8% o sai d phosphoryl ated Tau fragnent of at |east 100-fold
conpared to its binding to phosphorylated MCAK fragnent
| | e- A n- Lys-Theinvestidn gusthe- cGvplifS3anethiad -fas thSeelectien dfea Pnenotlanal SEQ | D
NO 17) . Prefe, t ' QR ohS tood, f-9bvidhe seh&rbéoprof a
nonocl onal a{]@bﬁ%y&g%ﬂggl%%éﬂgﬂﬁ?ﬂg o:nh\%g%lglc%ﬁ,aghar%c}(lepii%zed I n_providing
a nunBiér of monedenshantibattiesiatiag toi Taw Mt 22o detstmingspecifioplly Binding of
speci fical | ysai Bekisdadiddf toSpHodpiilaRadyad &aphesrdosEQaDEN Ot Utof TagaRMto Of SEQ
ID NG9, to TaulE)S4122, t& . . )
phosphorylatéd MCAK fragment of SEQ ID NO:17, and selecting an antibody with
a specific binding to said phosphorylated Tau fragment of at least 10,000-fold
compared to its binding to Tau, and with a specific binding to said phosphorylated
20 Tau fragment of at least 100-fold compared to its binding to phosphorylated
MCAK fragment Ile-Gln-Lys-Gln-Lys-Arg-Arg-Ser(PO3;H;)-Val-Asn-Ser-Lys-Ile-

Pro-Ala (SEQ ID NO:17).

Preferably the invention comprises a method for the selection of a monoclonal
antibody according to the invention, characterized in providing a number of
25 monoclonal antibodies binding to Tau pS422, determining specifically binding of
said antibody to phosphorylated Tau fragment of SEQ ID NO:9, to Tau pS422, to
Tau and to phosphorylated MCAK fragment of SEQ ID NO:17, and selecting an
antibody with a specific binding to said phosphorylated Tau fragment and said Tau
pS422 of at least 10,000-fold compared to its binding to Tau, and with a specific
30 binding to said phosphorylated Tau fragment of at least 100-fold compared to its
binding to phosphorylated MCAK fragment Ile-Gln-Lys-Gln-Lys-Arg-Arg-
Ser(PO;H,)-Val-Asn-Ser-Lys-1le-Pro-Ala (SEQ ID NO:17).



Tau and to phosphorylated MCAK fragnment of SEQ ID NO 17, and selecting an
anti body with a specific binding to said phosphoryl ated Tau fragnent and
sai d Tau W642R/13p42at | east 10, 000-fol d conpared to its BCHAPR¢O0B4FaU, and
with a specific binding to said phosphorylated Tau fragnent and to Tau
pS422 of at |east 100-fold conpared to-iits binding to phosphoryl ated MCAK
fragnment |l e-d n-Lys-Ad n-Lys-
Arg- Ar g- Ser (PO3H2) - Val - Asn- Ser-Lys-1le-Pro-Ala (SEQ ID NO 17). Antibodies
accor di ng t cPrefeeabilytiea inventish eamipeises a tracthod fpmtheesalection efeednasfoctorghy
targeting t . L | cor dj i j n and
NGB8y albSaftY 'ﬁgqgé SEvaFoAr hilcbzdd 1 [RGBl RANEernGH

i nventive prop es causi a be or a patient suffering from
Tauopat hy, eBpeasicrial y’lnﬁlbmsﬁlﬂndmgéoiw“i%nd?tﬁmﬂlﬁﬁg_ Meeifically dinding ﬂgd for
treating a F%gid Sitbody foesHoSshdryIaradaT aleR ARG SEEPHS NO:bYytof TRIHI2, to
conprising admnistering to a patiept. diagno @@Qﬁ%’lﬂg S ct] % di sease
(and t her ef ofay #l togphasphrylptesk fra 82&% i'do8Y¢ PRt ™ o
pS422 ﬁccor dinfidodpwithex dpevidiotbinding 'tli?ﬁi@ﬁhd)dphdwldted amgmbmm saiceTay abl y
in a pharmac i,C 0 ihhhan.. A further. epbodi 0 ' L£0N IS a
met hod for tﬁf&?rozjaﬁtW?gpbba’?@gﬁog}ﬂaregu f‘ésr?‘%g ﬁgnmfaél’ %%gﬁ gft gl,%glﬁ@
especi al | y foindinAly saif phaspherylated Toy fragmient andetoi Tay pSt22t0d ap Bteﬁlo-@iﬂ
ant i body accgrdi 0. I he i v [ [ [ r . 1h98%-t he
use of an an%"%lgggi %c%%&gfﬂr? tt‘8 g’th 'to %;e}lolr%i\%%gtl\iqg%% g? Qmﬁgt Iﬁlg#;rtl %gﬁ:{a} of%g

Dot oD cut {ATE-AR-BrRROF AT Ser espBePE A REMABOIAY for the

manuf acture of a pharnaceutical conposition according to the invention. In

addi tion, thgniiHERE dcRBrde R the ahventioRishow Henefifshfor priiuntait need offa dau
pharmaceutical conpositio accordidn to tﬁ?e i hventi.on, tiThe aiwrév n iQH
further conpRTEsHEE {MERRY neldie, ARtbdIcS, ASGRIIIAE o0 TG IPYEIQE "3y ea AiF VL A
accor di ng t cinvésivenpepértios cawsig artenkfit forge phtient \siuffaring o er Taunpatyy, an

adj uvant useful .f.or e i)ornul ation of antibodies for pharmaceuti cal
pur poses. TheeSpleCnl%lg’ﬁFrlB%nA urther provides a pharmaceutical conposition

conprising an anti body according to the invention in a phar ,ceuéri cally
acceptlabl e chhe invention ferthes asovdaeAtmethad fan Heatinge atnatignt %‘gﬁ@i PBn? can be

i ncluded in e cphthyClpesibllyaon AD, B6RpASing adminl$teri@to Dedienodiaptisepasesent

i nvention can he us%d f.or di ar?(ﬂ si s of, _a neurol %%I cal di sor qer S h.as

Al zhei ner' s vasichs digease &3 @eﬁ?‘b@&‘?&g}/‘lnﬁ%ﬂ SHCThB s Ay AAntipRdy

anti body of biReingr &5 122 naedidinn toathebmvahtan. uShe dntibodyas spbuinistaed

detection of preferably in a pharmaceutical composition.

20 A further embodiment of the invention is a method for the treatment of a patient
suffering from a Tauopathy, especially from AD, characterized by administering to

the patient an antibody according to the invention.

The invention further comprises the use of an antibody according to the invention
for the treatment of a patient suffering from a Tauopathy, especially from AD, and
25 for the manufacture of a pharmaceutical composition according to the invention. In
addition, the invention comprises a method for the manufacture of a pharmaceutical

composition according to the invention.

The invention further comprises a pharmaceutical composition comprising an
antibody according to the invention, optionally together with a buffer and/or an

30 adjuvant useful for the formulation of antibodies for pharmaceutical purposes.

The invention further provides a pharmaceutical composition comprising an

antibody according to the invention in a pharmaceutically acceptable carrier. In one



Tau pS422 or aggregated, phosphorylated Tau . Detail ed Description of the
I nvention The term "Tau" according to the invention enconpasses the | ongest
i sof or m ovoRarér24Rau, conpri sing 441 am no aci ds (i sof oPGTEP20I0I0pF4IT
P10636-8). The term "phosphoryl ated Tau (pTau) "according to the invention
enconpasses the phosphoryl ated form of -the | ongest isoform of human Tau,
conprising 441 am no acids (isoformF, Uniprot P10636-8), generated by
phosphoryl ation at S422 with the kinase ERK2. The term "aggregat ed,
phosphor y| atemtbolaméntpithe' ahamegattécil (doipositioardan b osghdedy imtaadartigle” of
according t I i,on enconpasses the aggregated and phosphoryl at ed
form of the%%%g%dst@éﬁ)ggtbrm of human Tau, conprising 441 am no acids
(isoformF, Uniprot P10636-8), generated by phosphoryl ation of ggrepat ed
Tau with t heThe #nibedERKhe migaent dnYAMipR ¢ap Pg gisechfor-diagnosis fif fyneusologica

iSnvePIt i Ogserlﬁwméfvsslﬁﬁﬁ Ag§r Allslzhfefrﬂﬁp ’@%’%easi by detectir_ll_ghphosphorylatedAgau poSlype}:?t}:()ie. 10)
er-11e-Asp-J\et - Val - -Ser-Pro-d n-Leu- Al a-Thr - - Al a- : .

The tesm » pHGAP)IAORIe RiEpent iy peign sorihecsautsrg 1pb (e SRertip ol
enconpasses Tduqs§aRa oy hggregatddyphiospigmgated Tau .

Ser-11e-Asp- Mt - Val - Asp- Ser (PGBH2) - Pro-d n-Leu- Al a-Thr-Leu-Al a-Asp (SEQ I D
NG 9). The t MR i A GOL e invention enconpasses human mtotic
centromere- ]%tle Jopmumar b il b -li ke protein KIF2C, Uni Prot
Q9661)). MCAK Human (88-102)[95-pSer] is a phosphoryl ated MCAK fragpent,
consi sting oFheaiermo B’ crsceminm o thehsy i, ParoBtPagtes Jbe iloRgestiseigre PH

NO 17) . Thi shpR@SPho tyhptiside WEAKmifRai®y (isofesn ROUSIDERP10636-8Rnt ity or
simlarity conpared to phosphoryl ated Tau fragnent of SEQ ID NGO 9. The

i nventqrs regogni zed that ant|hodi gcording to the state of th [t
agai ndb phostHfryT apherplorfated AR T anl yaclntipitte: e invenfipLetominasi¥i sl i ¢
wi t h unr el atgdspiorglatedr fptmatof dhé Lomgest psgfoind @6 hemedn Jiaot edmprisifgd4 hatibodi es

accoding to i o) i.C nQqt , hi %l 6¢ ﬂ\@g'%v't
fragnment, su%:E(ﬁu(irl]%\ggﬂ{r gbpgiggéto@s@gar@t%éﬁeﬁsei uﬁg‘gﬁlﬁmge 1?iltét ect ed. 181? ndi ng
to Tau pS422hekihabt FBKAg to Tau is investigated by ELISA with

el ectrochem | um nescenct readout. Tau or Tau pS422 is imobilized at a

ngcgnt rF at i otheof tefmMOtdPgreatkdd HBSéphanflate@dyTaue. dbr NtFRregatedMOUbRIal)$
added. or
15

phosphorylated Tau” according to the invention encompasses the aggregated and
phosphorylated form of the longest isoform of human Tau, comprising 441 amino
acids (isoform F, Uniprot P10636-8), generated by phosphorylation of aggregated
Tau with the kinase ERK2.

The term “Tau fragment ” according to the invention encompasses Tau fragment
20 Ser-Ile-Asp-Met-Val-Asp-Ser-Pro-Gln-Leu-Ala-Thr-Leu-Ala-Asp (SEQ ID
NO:10)

The term “phosphorylated Tau fragment ” according to the invention encompasses
phosphorylated Tau fragment Ser-Ile-Asp-Met-Val-Asp-Ser(POs;Hz)-Pro-Gln-Leu-
Ala-Thr-Leu-Ala-Asp (SEQ ID NO:9).

25 The term “MCAK” according to the invention encompasses human mitotic
centromere-associated kinesin ( Kinesin-like protein KIF2C, UniProt Q99661)).
MCAK _Human (88-102)[95-pSer] is a phosphorylated MCAK fragment,
consisting of amino acids 88-102, phosphorylated at serine 95 (SEQ ID NO:17).
This phosphorylated MCAK fragment has no sequence identity or similarity
30 compared to phosphorylated Tau fragment of SEQ ID NO:9. The inventors
recognized that antibodies according to the state of the art against phosphorylated



detection of bound test antibody, rutheniumtagged anti-human or anti-nouse
| gG respectively, is added at a concentration of 0.5 ng/m . Specific

bi ndi ng twOoRaw/RsR22 is found if the relation of the deP€TtEPIO®IFAAl usi ng
Tau pS422 and Tau is at |east 10,000-fold at the maxi mal binding signal of
Tau pS422. Binding to phosphorylated Taw3fragnment of SEQ ID NGO 9, binding
to non phosphorylated Tau fragnment of SEQ ID NO 10 and to phosphoryl at ed
MCAK fragnment of SEQ ID NO 17 is investigated by ELISA A test antibody is
i ncubat ed wiTdu sfagmentsrokmayi zshdwphosphedgmblee Erasgueaqtiyifire ivithngngelyted

conpari son 'HOQ%]?(?%O hé?"‘m?% L%@gg&g%g@%&@ﬁsylﬁé@%t%aiésr A0BHE & tMEAK

fragment. The anf ly 1S ¢ | abel detected, Speci fi
bi ndi ng to pheetienryhigh da rrvabmﬂrtagwemh%laqegﬁgf*:ﬁsffﬁgmgfﬁeg%h %gilfaﬂc“fie

detection sigpalredsivig dlrsiiveyertrRd. Tau fragment and nonphosphoryl at ed
Tau fragnent is at |east 100 at the maxi mal binding signal of

phospharyl at ed Tau fragne nd . f.the relatiaon. . e i i I

usi ng Bhosp WF& & '%g‘upgé%\%r@& Lm@%ﬁ%sﬁﬂbr@llgi'%sg‘gﬁ}fgéf(r:%%%nﬁb@gaal SO

_?_th | east 100eladtrdchemitamimeadenbi ndadupt.silgnalbor ofapheERoisy |iameebilized faf agyment .
e term"epita f ’ ADRS j t; i lpop th

phosphor yl at%ocﬁlc%gtﬁa? Pg‘/’g%%%gg?r“fleﬂn@ AsSp- ?gi@gl }%ﬁhs%p%grrnl(og Iq%a(-l%!rdbl-irglpn- Lgu-

Al a- Thr - Leu- ddtectiaspf(bSEE te5s 20Gbolly whitheninm-taggsdianticman qreafgReyssdety

Mab2. 10. 3. Tﬁég?é%ﬂbélgpeisbddaéa Y aPEREthi0Af 0f20. Faih/ANt Shedic BRdiiginTaio t he
present invention 15 determned by an in vitro cross Iocg' i ndi g, assay,
such d8 the BpEEIP &unyil fhe rgiafipp OﬁFWs@B?CGBRiS@a]‘g‘?W 4B ?n%t'gaudlét Lt mi ne
the ability RhstN®ERDOLBIdatlIR: sbgimat diddinddipedof The pB4#2i ng of the test
anti body to pTau. For such an assay Mab2.10.3 is captured as primary

anti body to the.Bi acor.e sens | 1 ' ghj A Tau
and the secohk@ﬂﬁ g%t‘?lﬁ)(?@%f’rw%{ege %s?%‘gerﬁ?ofﬁﬁg?o? a'lrgi/hgﬂllhgo ng(l)gs not
show any det plutsphoryldvéch @am dragimentiof SE:ADt NO: Kb eohdapposthoryaied M to
the same epi kOB lﬁ%flﬁ.{(’,?Iﬁ@!@-ﬁh?ir@@&ti@%ﬁ’bﬁEE@ﬁ'A‘gesi entitRyiiguRAbAted bi nds
to Tau pS422°v tﬁ an afrinity of 5x, O8BM 1 to 10~1ﬁBA 1 as determ.,ned,by
Bi acorlé( t m) withispis l@fﬂ@%}b?qdbléhfsam@edBT%ﬁﬁgn?H and ey feaparsogEhiad of
?;3 Bﬁgg :Ziﬁnﬁ%gngmb%obiﬁmﬁr%@ﬁaﬁ?g?r M@Alg $a<gnmad 6 Efgeaggibegm ed
) iliz an e ) i i S,.a i MEA-IRS
labg n@“d:t 1ahet Jn ei% %f cc ,cngHlm rrgﬁhr(r)g? c 1rzllgecr(ainltciﬂrléttion

concent rati olfs
of 200 nM Afragmtntbiedyuracifahe relatidnoof the detection isignalbusinis phesphpiylated diau Tau

pS422 with afrlé(gjmgrflt Qndl nBt?ph%gpho&fa?Jde ﬁ“@@lﬁ[aéﬂinetn'f' i 2Kdeft 159 10théOmaMmal
20 binding signal of phosphorylated Tau fragment and if the relation of the detection
signal using phosphorylated Tau fragment and phosphorylated MCAK fragment is

also at least 100 at the maximal binding signal of phosphorylated Tau fragment.

The term “epitope of Mab2.10.3” encompasses an epitope located within the
phosphorylated Tau fragment Ser-Ile-Asp-Met-Val-Asp-Ser(PO3;H;)-Pro-Gln-Leu-

25 Ala-Thr-Leu-Ala-Asp (SEQ ID NO:9) which is specifically recognized by
Mab2.10.3. The epitope binding property of a Tau antibody according to the
present invention is determined by an in vitro crossblocking binding assay, such as
the Biacore™ in vitro crossblocking binding assay, to determine the ability of
Mab2.10.3 to sterically hinder the binding of the test antibody to pTau. For such an

30 assay Mab2.10.3 is captured as primary antibody to the Biacore sensor, followed
by sequential injections of pTau and the secondary antibody to be tested. If the
secondary antibody does not show any detectable binding signal, then the
secondary antibody binds to the same epitope as Mab2.10.3.



The term "nonocl onal antibody or antibody" enconpasses the various forns of
an anti body, preferably a nonoclonal antibody and especially preferred a

| gd or IW§GaomoaeBonal anti body. The anti body accordi n@CTEPRIE/0DIIVENt | ON
is preferably a human anti body, humani zed anti body, chineric antibody, or
further genetically engineered antibodyjgas |ong as the characteristic
properties according to the invention are retained. T cell epitope depleted
anti bodi es can be generated by using nmethods described in WO 98/ 08097

" An]E [ bog?/ f relgnanibsdy m@mrrln@etoathpdnvéminndjina fouThu Ip8AZ2 hwitnan bfftyty of
preferably t A 2 frm bi ndi n
site ther eofgqqug}irrp ngsoelog&mggty%&g%ﬁ?ﬂa% ge i %@?% ehgﬁngg%?g@% ]

si ngl e-chai n anti body nol ecul es, and mul t| specific antibodies formed from
anti body fr djndingso fehrilar agetegaigs of TaneS42s invrsygated Y Biacoigsmalysisy. s
Met hods in BRzYRRlassad Ofgg]éég%m APp$H2 i inARGHiliz@8nd aﬁtthmelubédﬁgmaa@@

conprise si ngle chal n epti des having the haracte istics of a
domai n? nameiy diEreny &B‘I“@“ Btl%i?se‘l’%‘l‘% 3 0‘83{ 08y %it?rh of %’L WY ﬁ“a"d‘inagf a VL
domai n bi ndidagcéritrafian opSé@aM NaTEhtibode iadgpraidlgao e asestidy eirdegetibeitlami th a

ant | boay" r cFEIREa LS KaaH & TR0 PR P RSB IRe B Compl errent ar y

determ ning regions" (CDR) have been nodi f| ed to conprise the CDR of an
i mrunogl obul The tefm (firfoneclenal aspibedyeer angibodyp emestnpasses kg various fermuelkean

i mmunogl obulj ry , H
of " SEol B NarDolf BeRE e Fne R am%ll%g:‘b%l)’d SR PR %épa%(ﬁpg?zsm
| D NOI@, CDF¥3§4anISE49ﬂabaIN€b y. Bye adiody éﬁcos,é@gl%tbs‘cnzsfltl(’eoﬁszsf@ B | D
NO 24, and GRR3MA abtibod® hibinbkizéd ,anﬁﬂ&i}CQRirheer atiéa dyD oNQurtier @Rﬁbalgf SEQ
ID NO 28, CDR3L of .S SEQ I D

NO 32, and CPESSeHd §86°BE5 i\b%%*fﬁ a&ﬁgméiﬂﬁﬁfte&sg%étﬁo%“ﬁ(l)aﬁ%ord l&ﬁ SEQ

| D NO 36, CDR@éntthEé;}dtﬁlW’IB@qll cb)ltoﬁDRépliet(eﬂ aBEIRJIE 0 HERenSPRANYOISIBEQ | D

NO 40, and I CDRI L of SEQ ID NO 43, CDR2L of SEQ
| D NO 44, %%Wﬁ H of SEQ ID NO 47, CDR2H of SEQ ID
NO 48, and CDR3H of SEQ

15 “Antibody fragments” comprise a portion of a full length antibody, preferably the

variable domain thereof, or at least the antigen binding site thereof. Examples of
antibody fragments include diabodies, single-chain antibody molecules, and
multispecific antibodies formed from antibody fragments. scFv antibodies are, e.g.,
described in Huston, J.S., Methods in Enzymol. 203 (1991) 46-88. In addition,
20 antibody fragments comprise single chain polypeptides having the characteristics
of a Vi domain, namely being able to assemble together with a V| domain, or of a
V. domain binding to Tau pS422, namely being able to assemble together with a
Vu domain to a functional antigen binding site. The term “humanized antibody”
refers to antibodies in which the framework and/or “complementary determining
25 regions” (CDR) have been modified to comprise the CDR of an immunoglobulin of
different species as compared to that of the parent immunoglobulin. In a preferred

embodiment,

a) CDRIH of SEQ ID NO:6, CDR2H of SEQ ID NO:7, CDR3H of SEQ ID
NO:8 and CDRIL of SEQ ID NO:3, CDR2L of SEQ ID NO:4, CDR3L of
30 SEQ ID NO:5,
b) CDRIH of SEQ ID NO:23, CDR2H of SEQ ID NO:24, and CDR3H of SEQ
ID NO:25, and CDRIL of SEQ ID NO:27, CDR2L of SEQ ID NO:28,
CDR3L of SEQ ID NO:29,



ID NO. 49, and CDRIL of SEQ ID NO 51, CDR2L of SEQ ID NO 52, CDR3L of SEQ ID
NO 53, f) CDRIH of SEQ ID NO 55, CDR2H of SEQ ID NO 56, and CDR3H of SEQ ID
NO 57, armO@DRV42428 SEQ | D NO 59, CDR2L of SEQ | D NO 60 PCTBR3M004SEQ | D

NO 61, or g) CDRIH of SEQ ID NO 63, CDR2H of SEQ ID NO 64, and CDR3H of SEQ

I D NO 65, and and CDRIL of SEQ ID NO 67,)5CDR2L of SEQ I D NO 68, CDR3L of SEQ
I D NO. 69 are grafted into the franework regi on of a human anti body to
prepare the "humani zed anti body". See, e.g., R echmann, L., et al., Nature
332 (1988) 333- IAIR1HA S bR MN@3,1, UDR2H ef SEQ.ID NAti2, and CORYSS SELES- 270.

The "variable d | va lgh , I

domain of a heaaﬁaﬁ%?%’ %@ﬁlguse gﬁ%ﬁéé%h&%@%%@@%@ It%gf%g)?f eof
light and heavy CDRBh ofi6ERQ HEN#hBEh are involved directly in binding the
antibody to &g:‘;@ﬁkhﬁ%ﬁ sﬁb‘?uﬁ@dg%@bbgﬂzmbf SEQdDNRavAn, %h@@bmsﬁc?ave

t he sane gen structure an ach

omal n con‘grl ses_four_ frane (5
regi on8 whose sdfudleds, ane GRREL yofcBRQely D4 okl PTRE 3@ 144
"hypervari abl e reORINSES %Impmphsmant ary determ ning regl ons The

connect 1 ng tfle. BoRReBrorsh 1B g R rciRet #ﬁ@”ﬁ%@ieﬁ@eﬁ% 5%53@ therr
t hr ee- di nensi ondaD NO:¥8} wid DR theoff SEQeld MOBégICDR2larnd $HQNMD detBer with

the CDRs fromt er antlgen bi nding site. The antibody's
heavy and |i ght r@agﬁr‘} I NdIEs Ve

regions articularly inportant roleln
t he bilfdi ng BpecCPREH:of/ SEQ lﬂﬁlNQ 56¢ CD]%?PEQPSE@dDeNOa@)G/@ﬂGl%%% of |$&
,nvention and t hey )lese. REQ\IIRIE diISEQCID MDSO! CHRANA SHOND VO ashe term

"anti gen- bi ndi ng ortiaon an _anti body" when used herein refers to the
am no acid resi 0@1’53%@@@%1@ NS&6Y» @hi ch are responsi bl e for

anti gen- bi nding. CﬁR@HadﬂSHQthNOC&nQDImH bDBEQfIDENCadH, |ahambmﬁmusm am no

010 TesTaueS 1k L ety 6T (b0, TORANY P0 TNb

t he hypervari abl @DR8JicdISEQEH) Nix69as herein defi ned. Therefore, the Iight
and heavy chain variabl e domai ns of an anti body conprise fromN to
C-termnus the domains FRI, CDR, FR2, CDR2, FR3, CDR3, and FR4.

Especi al | y, @eRgaed tint Hemfipmeavearks fegionhef rae dusinvanttiedyoiet dransredhéost t o
anti gen bi ndigh ARLdAR{iHARS. $&E eANRIBAHNarm, DY, @PAI, INAsre 38DR1988) 323-327,

and Neuberger, M.S., et al., Nature 314 (1985) 268-270.

20 The “variable domain” (variable domain of a light chain (V), variable domain of a
heavy chain (Vy)) as used herein denotes each of the pair of light and heavy chain
domains which are involved directly in binding the antibody to the antigen. The
variable light and heavy chain domains have the same general structure and each
domain comprises four framework (FR) regions whose sequences are widely

25 conserved, connected by three “hypervariable regions” (or complementary
determining regions, CDRs). The framework regions adopt a B-sheet conformation
and the CDRs may form loops connecting the B-sheet structure. The CDRs in each
chain are held in their three-dimensional structure by the framework regions and
form together with the CDRs from the other chain the antigen binding site. The

30 antibody’s heavy and light chain CDR3 regions play a particularly important role
in the binding specificity/affinity of the antibodies according to the invention and

therefore provide a further object of the invention.

The term “antigen-binding portion of an antibody” when used herein refers to the
amino acid residues of an antibody which are responsible for antigen-binding. The

35 antigen-binding portion of an antibody comprises amino acid residues from the



FR regions are determ ned according to the standard definition of Kabat et
al ., Sequences of Proteins of |Imunol ogical Interest, 5th ed., Public

Heal t h Sewwoi2om/14NaBi onal Institutes of Health, BethesdapchBredi®®ti43and/ or
those residues froma "hypervariable |oop”". The terni CORI H' denotes the
CDRI region of the heavy chain variabl ejgegi on cal cul ated according to
Kabat. CDR2L, CDR3H, etc. nean the respective regions fromthe heavy(H) or
light(L) chain. For exanple, an antibody characterized by conprising CORIH
of SEQ I D NOchmipksmithtd: Qietelrrhﬁllﬁlglfrd:éi@i’sy @ OgDRseSFiamavakT oo “BRY degenpuence

h ha
For “exanml e it ety conusteer hey R de b AR R 7\, ¢
CDR2H of = SEQerdn Nfihed CDRBIdf@E, BEQlight deshmm@atmaaanabie damaippdf an

ggﬁg&;egg %Lﬁﬂyg&réngérﬂb&sgs 18 BIAR F\%&%{r{%%%n§ﬁll R0 GFRASCHRGYENCE

D NO 8. The ter
"nucl efc acrER3 dEDRﬁu@IIleFB4aEFIEFCFﬂ§1IYeQD%3 of she BeayY B2 13 the seginn é?&g%tﬂ to

include DNA c?ﬂkr?cﬁfﬂéserﬁoﬁ@@aﬁ%nrﬂi’ﬁ(ﬁﬁ $ b&® defthed Wsd ﬁitfbod?’ls ropdrees ODR and be
si ngl e- stran d or doubl e-stranded, " but pr ef er 8&{98@“ oubl g[g%{rand d DNA.

The term " anfihdegiong are;detgamigedyaceirAngiosthy RS 5383 &t Houp of
natural Iy ocgdguehded ofPrbRing &t mnmragcasrnmeqw bthi ex, Puitdlivi Healfht Ecmm:e[, etter

code: al a, e | e ode

aspartr c aCI y[nﬁg}u gl—fA lﬁlbaléghesdad\/fﬁ éP9 %n%@??ﬁtgs%qje%gués tam C
acid (¢l u, E)hypgﬂvynabielc(ogpr y, G, histidine (his, , | soleucine (ile, 1),

| euci ne (I eu, L), lysine (lys, K), nethionine (rret ,  phenyl al ani ne (phe,

F), proline ’f RrmPE Rsiﬁ”' J@m(e%eﬁle CDR1 tr%%@ﬁ'&'f@ﬁe ﬁéehfy, ch-Eln vhriJbé %ﬁi&ﬂ (t rp,

, 1 ,
T et Coharcaquistad ptcsedngitRsb AL RR3Helts PSR PRSIV TBERET
nucl elb f: afl dféorgqgle a9 or IRht(L9 rchainD Fos ey ulplee anransibod e tharyctedzedeby i st
i nke IS, ex rotein
Chat panti ol sartsrg (Lo, SER! RSO pidspt JiainE SRR LoRibrReP HA
enhanaér is apgpbadeid/sdquakedast a)heawodlangvmmlprl:edmn (GDR1 regidrent ¥s ymable
transcripti 0heav% cthg% %?)gléggﬁ’lgle Qh. e?‘[tfbgfﬁ%ﬂ?rapt'eﬂgéd"?ac' f'rﬁ)rfsﬁlgoéﬁ'i{q@i yfl i nked

to a codi ng sequence ned so tate transl ation.

General |y, "SBQITBONG:G,iGIRRH 0&5@&11? INQ:7: GERBN0ISHHA AR Q- 8yBess thatdked are
col i near, anghtibol tc'%ﬁmp?l@@selrpits Eheﬁﬁﬁ"cﬁzhﬁrdé deqaéiRe, ofCODRIIGYBQSIAMNDI6N ak eadi ng

frame. Hovvever enhancers ot to be cont
acconpl i shedsagyengedGIoRk2 §F%clg)nb@n?é’ﬁfi ap S e ?%(gﬂggss&d_ I?F\J(ggch sites do
20 The terms “nucleic acid” or “nucleic acid molecule” as used herein are intended to

include DNA molecules and RNA molecules. A nucleic acid molecule can be

single-stranded or double-stranded, but preferably is double-stranded DNA.

The term “amino acid” as used within this application denotes the group of
naturally occurring carboxy a-amino acids comprising alanine (three letter code:

25 ala, one letter code: A), arginine (arg, R), asparagine (asn, N), aspartic acid (asp, D),
cysteine (cys, C), glutamine (gln, Q), glutamic acid (glu, E), glycine (gly, G),
histidine (his, H), isoleucine (ile, I), leucine (leu, L), lysine (lys, K), methionine
(met, M), phenylalanine (phe, F), proline (pro, P), serine (ser, S), threonine (thr, T),
tryptophan (trp, W), tyrosine (tyr, Y), and valine (val, V).

30 A nucleic acid is “operably linked” when it is placed into a functional relationship
with another nucleic acid. For example, DNA for a presequence or secretory leader
is operably linked to DNA for a polypeptide if it is expressed as a preprotein that
participates in the secretion of the polypeptide; a promoter or enhancer is operably
linked to a coding sequence if it affects the transcription of the sequence; or a



not exist, synthetic oligonucleotide adaptors or linkers are used in
accordance with conventional practice. As used herein, the expressions
"cell", "weol2nidi4ae3, and "cell culture"” are used interchramgPabiboposnd al l
such desi gnations include progeny. Thus, the words "transfornmants” and
"transformed cells" include the primaryjigubject cell and cultures derived
therefromw thout regard for the nunber of transfers. It is also understood
that all progeny nay not be precisely identical in DNA content, due to

del i berate Qﬁbdsﬁﬁé\bmdlegltsxte‘ristqieirabmlinktairﬁoand:od[ing)%nynqehéﬁt ihpesitiphed sane

function or &1 ol ogifle BELINGY Gl QBHbE! ihfed NrcRid H3hbYONA

t ransf or ned ée re inc ant | I's not 1nvol ved
directly in ssquaticegy h@fngaﬂ‘in&m mb@d:phn@fararané,nm ¢be, capitofex kﬁeﬁﬁeﬁ@'}' viaddus

effector f U%hhgu“aﬁ a§ﬂ in F&gﬂ%rﬁarﬁé oW, 'éaﬁﬁwc'érd &o ﬁottrewmd/\eé Eortp@¥0s.t 0 the

skilled artisan-an I ne basi s 'of papain ¢l eavag ﬁf of anti od| es.
o]

Dependfng orLinkiagdsheromdished; by ligaien grconKenietfestartion disol WFh sHes 90 heavy

chains, antigpdkis sohtheirungaiueiuatiie adaptars @k Vinked atntedtihacadraasesvith gA,

I gD, IgE, 19gG and and several of these may be further divided into
subcl asses (%B?Weg%ra&“ge lg@, 1g&, 1gG3, and 1gG4, IgAl, and |gA2.
According to the heavy chain constant regions the different cI asses of

i mrunogl obuIAmsusexf @era, | the expraisions “gell”andelinlineds pat talbleylturtharamsedody
according to efera [ ar f rigin
which is of ahgé/ﬁ%ycaf% Eﬁ Sfu%ﬁ E%Sy ng,(f:'ﬂcig\sl&gﬁ(%@%rg%np F[thugeétl\l;/lc!J rWd}g@ns and
lgd dp Ig@‘tWBﬁoylpéntéor@flarﬁanéf%mﬁ@ ¢glls” \igglpd ?ﬁBWquﬂarb’h%‘bé‘iCét‘é’ oF‘n‘i he art

ande gR de;ééﬂﬂ(llpc%d%&iﬁglif&ﬁé%frﬁﬁﬁgltﬁoﬂ reé&lﬂnﬁ)@ﬁhe @um@@ﬂ om,angfﬁfﬁ It Nuﬂlsé?l c

ci ds Res or ex eav

constant re ’Eﬁ?rsé?ﬂiipﬁh?%ég p%%)e%% npt %8 pée&ﬁfg'n 8“%?31 %gﬁ‘%cﬂﬁm §u8
(lgd) or ofde"ﬁE&ake[bﬂ\i@ad\aeSteﬁfmﬂlﬁmbhg%)nantimogmgampt mveahus:eﬁmfummmnrl i ght
chai n const re rls i ght
chai 1 conat AnPIaetg) Gy Rkt Bhe Sty pEFHERAGL Q1 e SERRLON
anti body is of nouse origin and conprises the antlbody vari abl e sequence
frame 16f a n“ﬁhrs‘chamrt bofign artiheduiingot invrlveddireetbeinebigdingeof anadibody to

Proteins of fkg@h Oslit eRhibi 8 VR SRl offdSR Finctiond A@t‘F@- art oPhm a@ehiddlyORs a DI ANE
Publ i shi ng (1992 the treatnment of a

The 1 nv ntlﬁn cor rlsg %
pati ent in n&E Vol knpymjnythe skitle dﬁg eslfaéisi PP NEVBEL i ent
an anti body: GLambAlieg Deehiiagion Rtk ackiequenceniitanccnotp! feghm dfiizciose  of

an antibody ﬁ&%? rcgelugg, atngbg)c?lgs E)rnl\rlr?rpl;[nlloogrllobu%ns are divided into the classes: IgA, IgD,
20 IgE, 1gG and IgM, and several of these may be further divided into subclasses
(subtypes), e.g. 1gG1, 1gG2, 1gG3, and IgG4, IgAl, and IgA2. According to the
heavy chain constant regions the different classes of immunoglobulins are called a,
5, € v, and p, respectively. The antibody according to the invention preferably

comprises an Fc part of human origin which is of IgG1 or IgG4 subtype.

25 Human constant light and heavy chains and IgG1 or IgG4 subtype constant chains
are well known in the state of the art and e.g. described by Kabat (see e.g. Johnson,
G. and Wu, T.T., Nucleic Acids Res. 28 (2000) 214-218). For example, a useful
human heavy chain constant region comprises an amino acid sequence of SEQ ID
NO:13 or 14 (IgG1) or of SEQ ID NO:15 or 16 (IgG4). For example, a useful
30 human light chain constant region comprises an amino acid sequence of a kappa-
light chain constant region of SEQ ID NO:11. It is further preferred that the
antibody is of mouse origin and comprises the antibody variable sequence frame of
a mouse antibody according to Kabat (see e.g. Sequences of Proteins of
Immunological Interest, Kabat, E.A. et al., 5" edition, DIANE Publishing (1992)).



t herapy. The invention conprises the use of an anti body according to the
invention for the preparation of a nedicanent for the treatnent of a
Tauopat hywoespedeeBl y AD. The invention conprises the uPETHP2EN/00338T body
according to the invention for the treatnent of brain diseases, preferably
for the treatnent of a Tauopathy, especiglly AD. A further enbodi nent of
the invention is a nmethod for the production of an anti body according to
the invention, characterized in that the sequence of a nucleic acid

encodi ng théFHi:aﬁVc}htﬁ)h&iompﬂ‘sesamnﬁﬂtddlfodmeamatmditm)@atpcatitl‘rtén inpeeof therapand t he
nucl ei ¢ aci d,enc t he a t a rgecinto
one or two e%?a Eizf‘)(g %é’t“ '% nggatod tl\‘i/’% @H bé}gﬁaﬂ |%1€s‘cg¥cpgg tﬁ)nq%é
eukaryoti c howstntioel | , the encoded ant i body |s expressed and recovered from
the host cell or the supernatant. The anti bodi es according to the invention

are pref er abjy. BREMHEE om¥ris@CMBRIsBasH anTBASody SMLDrdIRE ho e anventbslaby known

in the state of the art and conprise protein expression in prokaryotic and
eukarydtic dBERBY-w th subsequent isolation of the anti body pol ypeptide and
usually purification to a pharmaceutically acceptable purity. For the

prot ei n exprassSinoentivnClophptises titsusernufami angibbd ghtcoadidg h@dwin&haimfom ithe
fragnments thereof . are.inserted . int i rd net hods.
Expr essi on Ige%?qo&%adnfﬁc%{n%r}tofgrr@g?ré—:g%? §8?50¥&g& %igfd;l/ {]ngjg host

cells, such as CHO cells, NSO cells,. SP2/0 cells, HEK293 cells, COS cells,
yeast, or E.Thsoinventisin eompaisgs thecuserfi docanyibpdy aecosdiag dol the mwentian 81t (from

the super natt‘?é&rg@x{t Altrfih ERhde3, potddrbly fHlethe Haifdt of aOtuepAtRY, é?,geéiﬁﬂly bodi es

is for exa escribed in the review articles of Mkrides, Protein
Expr. 1Buri f. A@? (1999) 183-202; Geisse, S. et al., Protein Expr. Purif. 8
(1996) 271-282; Kaufman, R J., M. Biotechnol. 16 (2000) 151-160; Werner,
R G, Drug Resfurthér é&ﬁQSi}neBl?nyS&G invasioants badetsd nfay the poodstnb dfnamhol e
cells, in a cell ,lysat HeNn 8 rt I P pure
Form puri 11 05bpdh AP0 Gup 4 edaPorh R, e afin B8 incloqBute itk lcie
conmponent s acidehedingthediranachain of ap antivode acewtling| tarthe deveation gapf dbe or

proteins, byn%{?@gap%ntzﬁcﬁng 'tlfk”ﬁ@*lt(c?ﬁr?l cﬁ“s%ﬂpﬁ{txboﬁy a?et 1n§értec( ﬁ@@ one ofHd ent

Protocols in ecu G eene bl i shi ng I nt erscbence

New Ydbk (19@my9ss105xm0§§§0,o$al rvemsdsw/#rg inserigdotr BBEP%}U bog. celigdhfies
L.M et al.,edfoyt&t :ﬁﬁﬂb@@i] @Bk pressed and recovered from the host cell or the supernatant.

The antibodies according to the invention are preferably produced by recombinant
means. Such methods are widely known in the state of the art and comprise protein
expression in prokaryotic and eukaryotic cells with subsequent isolation of the
20 antibody polypeptide and usually purification to a pharmaceutically acceptable
purity. For the protein expression nucleic acids encoding light and heavy chains or
fragments thereof are inserted into expression vectors by standard methods.
Expression is performed in appropriate prokaryotic or eukaryotic host cells, such as
CHO cells, NSO cells,.SP2/0 cells, HEK293 cells, COS cells, yeast, or E. coli cells,
25 and the antibody is recovered from the cells (from the supernatant or after cells

lysis).

Recombinant production of antibodies is for example described in the review

articles of Makrides, S.C., Protein Expr. Purif. 17 (1999) 183-202; Geisse, S. et al.,

Protein Expr. Purif. 8 (1996) 271-282; Kaufman, R.J., Mol. Biotechnol. 16 (2000)
30 151-160; Werner, R.G., Drug Res. 48 (1998) 870-880.

The antibodies may be present in whole cells, in a cell lysate, or in a partially

purified, or substantially pure form. Purification is performed in order to eliminate



32 (2000) 109-123; Barnes, L.M et al., Biotech. Bioeng. 73 (2001) 261-270.
Transi ent expression is described by, e.g., Durocher, Y. et al., Nucl.

Aci ds. Re®0280/132202) E9. C oning of variabl e domains i #Cagpeoiooesd3by
Olandi, R et al., Proc. Natl. Acad. Sci. USA 86 (1989) 3833-3837; Carter,
P. et al., Proc. Natl. Acad. Sci. USA 899(1992) 4285-4289; Norderhaug, L.
et al., J . Imunol. Methods 204 (1997) 77-87. A preferred transient
expression system (HEK 293) is described by Schl aeger, E.-J. and

Chri st ensen,otlfer, ce'llﬂlalﬂ(:bﬁhbeﬁéﬁﬂ@ bo gtheB Oor{tdAaAts7 &:28 Hhthamnatllolar Subleaeamds

E.-J., inJ . lmunol. M s,194 99 -499. lQpa i i es
are suitabl )f’ré’é?)tg}‘ﬁt'@ﬂs??‘ﬁ)aﬁ&???gnwﬁ Elflﬁ %Qr%él?ellﬂ’ml;’beg a(l:'ggv AL ong} PRISES

i munogl obulih NMolecufar cRiolagy, fBeere ubbstsng rands Wileyr Infeuseignes, Newt ¥prk

A- Sephar ose,(lﬁgﬁzgxyl apatite chromat ography, gel electrophoresis, dialysis,
or affinity chronmat ography. DNA and RNA encodi ng the nonocl onal anti bodies
is readily isolated and sequenced using conventi onal Qroce ures. The

hybri ddma” cditpsession 8V $/ cells 15 deseirhed bys e dbarmmia LM eRRla Cipteshnalegys ed,

the DNA may e (3009§ 10901 230 tBurkspIENE | @Naly eBioedch, Bibdngh 73r @00ME 261 +290sf ect ed
into host cells, such as HEK 293 cells, cells, or el o cel l s, 4t hat do
not ot herwi sEBHEHHFERISSHAR oS 3‘8ﬁdieW’ Sréot el ?€?r0§08tt%lli’ %"L&?ﬁnﬁ%ﬁ(}s of

r econbi nant (@oO@CE2n@lonary ofbeatiabte dombine ik dsicribed Iby. ONemdieRe etel. dPres| ecul es
encodi ng am i q C i ) [ and. | ared
by a variet yﬁ%%'%rr%atqhgg'sU‘%n%og%ﬁ?)ﬁb?ggeﬁa%%ﬁ agseg%ﬁétgﬁlb’gisrb?nc {jgg(g&dg%(fqpare

not |ilfi t ed WBA §953P92)i 4285¢428 Norderhanal Lswsah-cb ImmunohMetheds 304 HEOW} al | y
occurring am-g; ag| %réﬁ@ﬁb’@%siéﬁf | &pteddioR! sRf@PAHK 0293)Yis described by

ol i gonucl eoti de-nedi_ated (qr site-directed t agenesi t agenesi s,
and casset t eSiacgge fedi §n‘£)ph5‘ﬁte§5aernl’ Ker! &K{%&E’Eﬁgﬁi‘ Sﬁ@%ﬁ%'%n@@% ant
version of suRUgee®. anin §.aodAmoaNEthody194T1096)cEMy1%®nd | i ght chain

vari abl e domai ns according to the invention are conbined with sequences of

pronmoter, trgnslatign initiation, t [ ' n gi on,
pol yadenyl at%ﬂ?g% ??tgbr?géelii“ﬁj gﬁﬁ?ggf m?eﬁtg{alrtegf ?Jc%nf %re mldf%%rrgegg ?gﬁgvﬁ ctor
const fct s. coneettenalinamunéglontlinghaifivadopproseduses ish 9619t exapRIgHRIOEHN DI ned
into a singlg. t Lghy, Yedi' destatbrdis, Uialgapabat el y
transfected I?ngt/egﬁ%gé?’ %&r{)éﬁﬁgﬁ Cgir:bem%%ﬁéeﬂﬁel:‘l}hsged to f(?rhm alssi rlla? host cel |

expr essi ng baffinity ifhramatograpn P Néy ands BOA engaring thes mppoglgpalgnt Hgiﬁﬁ Vi des a

conmposi ti on, regdifly isdlated and sequenced using conventional procedures. The hybridoma cells

can serve as a source of such DNA and RNA. Once isolated, the DNA may be

20 inserted into expression vectors, which are then transfected into host cells, such as

HEK 293 cells, CHO cells, or myeloma cells that do not otherwise produce
immunoglobulin protein, to obtain the synthesis of recombinant monoclonal -

antibodies in the host cells.

Nucleic acid molecules encoding amino acid sequence variants of anti-pS422
25 antibody are prepared by a variety of methods known in the art. These methods
include, but are not limited to, isolation from a natural source (in the case of
naturally occurring amino acid sequence variants) or preparation by
oligonucleotide-mediated (or site-directed) mutagenesis, PCR mutagenesis, and
cassette mutagenesis of an earlier prepared variant or a non-variant version of

30 humanized anti-pS422 antibody.

The heavy and light chain variable domains according to the invention are
combined with sequences of promoter, translation initiation, constant region,
3' untranslated region, polyadenylation, and transcription termination to form

expression vector constructs. The heavy and light chain expression constructs can



pharmaceuti cal conposition, containing one or a conbination of nonocl onal

anti bodi es, or the antigen-binding portion thereof, of the present

i nvent i orfyof2oro4beBed t ogether with a pharnaceutical |y RCTHPR@I0I00343aArTri er.
As used herein, "pharnmaceutically acceptable carrier” includes any and all
sol vents, dispersion nedia, coatings, appibacterial and antifungal agents,
i sotoni c and absorption/resorption del aying agents, and the |like that are
physi ol ogi cal ly conpatible. Preferably, the carrier is suitable for

i nj ection orbe goimtghe@hintdda Gmgmsédtdnonomfans;fhaethseéelmy tramsfected, o separatsly

adm ni st er eqbagr)%{ ﬁte\c/l t!oq}tog s WL AR tﬁ&loﬁyge Hﬁ /a%fr{grlr% ot t\gf?lll g)éﬁ‘@ssm

appr eci at ed art| san, e rou m ni stration
w || vary ddp@inchams.upon the desi red resul ts. Phar maceutically acceptabl e
carriers include sterile aqueous solutions or dispersions and sterile

powders for ,henpihepaispbitonhef p%s@ﬁtl ligvéritioRC hadVidess @l Wongpsition, dé.gpes si on.
The use of such nedia and agents for .pharnaceuticall ctlv SUbSE&Qﬁ\EeS |s

known Pn t hePhapmaceptical deRrppasiiqry %ﬁ‘f"é g M Ohrt i/ lOBe A&
i sotoni ¢ bufdngibediesabt nhe Szﬁitigt:h-(bﬁhdnl@gﬁﬁd(breshereéf t e theoyireseaf invention,

adm ni stratigon se|] ecte Qu t he i nvention, which may
be used in gogaﬁl@%gﬁ%g edr E%P‘rﬁceu Hzagl%?ccteﬁgg C%?Aneaceutl cal conpositions
of the present invention, are for mul ated into phar maceut i cal | i/ acce tabl e
dosage f or meAbysedderamt‘pbarataceeticatiyaickaptable casrier daeludss anyiang a lr$0b4¢e sart .

Actual dosa t IV, i C
Afis O(%e?s\fﬁrg Sm&dia Q@al?:%? StibAdEedi Qﬁﬁ San'tlﬂ.lr?a? dpBAIsMRSARGIL Cahd

COI’TpOSI tions present ention may be varjie as tO oRht ali

amountlOof  t rebsePHPY/ECSPRR}io8d delyingn agents.s aé?f@@t fike Yhét AR BUYIQ ﬂ@cgi@él red

t her apeuti ¢ doa§RAPREPIcPraslypPiielcafitr & sud@bleddt injectioposidfugion. and mode of
adm ni stration, w thout be| ng tOXIC to the patient (effective amount). The

sel ected dosage | ev .a vari et of oki actors
i ncl udi ng thg %&}?R‘Vﬁ{%&l 8* ﬂi‘%ép ?)Sg vlﬁng?n 3npos fnéng@%fdnEieei(ﬁ)ra grgté/ t

i nventi on enpéthyédkn@vn imtheest.eks v\slhlbt' appregiatadebyt therskdied artisan; dhg eoutd

admi ni str at 'a%'a/ortntf'cgi tdf%m(?lfus@%toye dﬁ]t a?’% tr%%p'bﬂttﬁ'e @dsirgd f&sgifey on of the

particul ar co bein conpounds and/ or mat erials

used |nconb| nation with the particular co 05|t|§ﬂs enpl oyed, . t he age, sex,
vei ghtl? cond?harmaceugerlbr apcogpiablen caparrpr insludee diterdle Hﬂ%‘f%‘lsy sghutioRs P&t i ent

bei ng treat eflspepsiond adﬁestéxﬂ@tp@wmefok tHesréparatior dstestéfﬁélnqabtaaletsslutiﬁheor

i nvention co rlses e use %tlbOles cfordln to]& qlnvgntlon

for the 1Spersion. € use o suc ia and agents harmaceutically ‘acti
substances is known in the art. In addition to water, the carrier can be, for example,

an isotonic buffered saline solution.

20 Regardless of the route of administration selected, the compounds of the present
invention, which may be used in a suitable hydrated form, and/or the
pharmaceutical compositions of the present invention, are formulated into
pharmaceutically acceptable dosage forms by conventional methods known to
those of skill in the art.

25 Actual dosage levels of the active ingredients in the pharmaceutical compositions
of the present invention may be varied so as to obtain an amount of the active
ingredient which is effective to achieve the desired therapeutic response for a
particular patient, composition, and mode of administration, without being toxic to
the patient (effective amount). The selected dosage level will depend upon a variety

30 of pharmacokinetic factors including the activity of the particular compositions of
the present invention employed, or the ester, salt or amide thereof, the route of
administration, the time of administration, the rate of excretion of the particular

compound being employed, other drugs, compounds and/or materials used in



treatment of a patient suffering froma Tauopathy, especially fromAD. The
i nvention conprises also a nethod for the treatnent of a patient suffering
from suchwoizemaed2By admi ni stering an anti body accor di n@Cr@®PRé1e/003382nt i on
to the patient. The invention further provides a nethod for the manufacture
of a pharmaceutical conposition conprising an antibody according to the

i nvention together with a pharmaceutically acceptable carrier and the use
of the antibody according to the invention for such a nethod. The invention
further proviodgsndtion wsta the partiewdhi onhpositicny dinplpyed, thee agaveent ivemghitor t he

manufacture of p@loggge@ Fbiif Al 8%@19516}{]&6@13&%%8&%'@%‘@”nte'atea and

phar maceut i Cé)|n e carr eat nt of a pati ent

suffering frldmfactﬁamﬁhkwn estﬂ)em@hqayaﬁ om AD. The invention also provides
the use of an anti body according to the invention for the manufacture of a

phar maceut i Cle @9&fion &hﬁﬁﬁé@@khs& Ggﬁfe%flb&ulbﬁao%om@g’ foahe utvieafib Yor the
acceptable carrier, for th hr@ g_e atient. sufferi from cancer,
especi al |y ftf%ﬁﬁmﬁntﬂ@d’&é{?wu upg Pg}?@a?qu yAﬁspeqnﬁ@y{rgm ‘ng exanpl es,
sequence |isting and figures are provided to aid the understanding of the
present | nvefmd @RentidheconipiBes glopa: nméthmlhfom the tseatmentfafratfatient suiiferiag peomeied

cl ai 15, S ROl AR TR 6B AR oA, RngREn S R BRI s

set forth V\ﬁ“ﬁ |ng esp|r|t o e I nvention. scription
of the Sequence Listin EQID NG 1 Vari abI e light chain of Mab 2.10. 3 SEQ
| D NO 2 Var i Bl mvnem;ygmw proyidesepmethod, for dregnamyfRgtiresofpRharmaeentiqsl No 4

CDR2L SEQ | |
CDR3H SEOQ | BCJI@ g gﬁ%&!‘rﬁl‘%@% bR dNHboly @BRritingEQ the 1NQnt15nQ@&hﬁEQ1ﬂhDa NO. 8

ed Tau f nent
Nonphd8phor yPharagceytical BDaW@’t esE”@‘FrDa‘Ngta}?ei‘isel—QfE‘gg %ng{g' Iai’cé’ﬁ‘timg Hithe
const ant r egineentRaQot idN@ mdtBotluman | anbda | i ght chain constant regi on SEQ
ID NO 13 Human g | (Allotype A m,17) constant region

The invention further provides the use of an antibody according to the invention for
the manufacture of a pharmaceutical agent, preferably together with a
pharmaceutically acceptable carrier, for the treatment of a patient suffering from a

15 Tauopathy, especially from AD.

The invention also provides the use of an antibody according to the invention for
the manufacture of a pharmaceutical agent, preferably together with a
pharmaceutically acceptable carrier, for the treatment of a patient suffering from

cancer, especially from a Tauopathy, especially from AD.

20 The following examples, sequence listing and figures are provided to aid the
understanding of the present invention, the true scope of which is set forth in the
appended claims. It is understood that modifications can be made in the procedures

set forth without departing from the spirit of the invention.

Description of the Se.guence Listing

25 SEQIDNO:1  Variable light chain of Mab 2.10.3
SEQID NO:2  Variable heavy chain of Mab 2.10.3
SEQIDNO:3 CDRIL
SEQID NO:4 CDR2L
SEQIDNO:5 CDR3L

30 SEQID NO: 6 CDRIH
SEQID NO:7 CDR2H



SEQID NO 14 Human g | (Allotype A m 7) constant region SEQ ID NO 15
Human |1 g4 constant region SEQ ID NO 16 Human |1 gG4 SPLE- Mut ant const ant
regi on SBYOIRDIONGR4237 Phosphoryl ated MCAK fragnment ( MCAKPENF®RR010883437 02) [ 95-
pSer] SEQID NGO 18 Prinmer SEQID NO 19 Primer SEQ ID NG 20 Prinmer SEQ ID
NGO 21 Prinmer SEQ I D NO 22 Vari abl e heavy2 chain of Mab 005 SEQ I D NO 23
CDRH SEQ ID NO 24 CDRH2 SEQ I D NO 25 CDRH3 SEQ I D NO 26 Variable |ight
chain of Mab 005 SEQ ID NO 27 CDRLI SEQ I D NO 28 CDRL2 SEQ | D NO 29 CDRL3
SEQ I D NO 3GR@iID al:e8 hezivk3dhai n of Mab 019 SEQ ID NGO 31 CORH SEQ I D

ggQSED%Hg%%@gQS%B%%%?% #bVari able light chain of Mab 019

. NOQ 37 CDRL3 SEQ I D NO 38
|V?)r :\Iaobl e hedEQ tAXNG: ¥f Nanphosrhostaed SEQIBYQBRH SEQ | D NO 40 CDRH2 SEQ
1 41 : Iha i | t fe Mab 020 SEQ I D NG 43
CORLI SEQ 1D 12 1 DL "upte TR B Aot e ?
5 SEQ ID NO: 12 Human lambda light chain constant region
SEQ ID NO:

Human y1 (Allotype G1m1,17) constant region
SEQ ID NO:

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

Human y1 (Allotype G1m17) constant region
Human IgG4 constant region
Human IgG4 SPLE-Mutant constant region

10 Phosphorylated MCAK fragment (MCAK_Human (88-102)[95-

15

20

25

30

35

SEQ ID NO:18
SEQ ID NO:19
SEQ ID NO:20
SEQ ID NO:21
SEQ ID NO:22
SEQ ID NO:23
SEQ ID NO:24
SEQ ID NO:25
SEQ ID NO:26
SEQ ID NO:27
SEQ ID NO:28
SEQ ID NO:29
SEQ ID NO:30
SEQ ID NO:31
SEQ ID NO:32
SEQ ID NO:33
SEQ ID NO:34
SEQ ID NO:35
SEQ ID NO:36
SEQ ID NO:37
SEQ ID NO:38
SEQ ID NO:39
SEQ ID NO:40
SEQ ID NO:41
SEQ ID NO:42
SEQ ID NO:43

pSer]

Primer

Primer

Primer

Primer

Variable heavy chain of Mab 005
CDRHI1

CDRH2

CDRH3

Variable light chain of Mab 005
CDRLI1

CDRL2

CDRL3

Variable heavy chain of Mab 019
CDRHI1

CDRH2

CDRH3

Variable light chain of Mab 019
CDRLI1

CDRL2

CDRL3

Variable heavy chain of Mab 020
CDRHI1

CDRH2

CDRH3

Variable light chain of Mab 020
CDRL1



SEQ I D NO 46 Vari abl e heavy chain of Mab 085 SEQ ID NO 47 CORH SEQ I D

NO 48 CDRH2 SEQ I D NO 49 CDRH3 SEQ ID NO 50 Variable light chain of Mab 085
SEQ | D NOWB200DRR423SEQ | D NO. 52 CDRL2 SEQ | D NO 53 CDRLEBCESER201D0N3354

Vari abl e heavy chain of Mab 086 SEQ I D NO 55 CDRH SEQ I D NGO 56 CDRH2 SEQ

I D NO 57 CDRH3 SEQ ID NO 58 Variable light chain of Mab 086 SEQ I D NGO 59

CDRLI

chain of Mab 097 SEQ I D NO 63 CDRHI
SEQ | D NO 6GE¢aID al):d4| i@PRL2hai n of Mab 097 SEQ I D NO 67 CDRLI

SHORYIBNG
5

SEQ I D NO 758@113@10 ﬁﬁuﬁéngiablnhqamy@bmtoé abrQ83
Mouse i mmunag

Flgure 1:

NO 68 CDRL2
regi on (kap

Intr cere raI

i n theS TauPSEAPED MY
fl uor escencesgdy ﬂDlN(ﬂgQWI(EIDRHBI mary anti bodi es agai nst

10

15

20

25

30

SEQ ID NO:50
SEQ ID NO:51
SEQ ID NO:52
SEQ ID NO:53
SEQ ID NO:54
SEQ ID NO:55
SEQ ID NO:56
SEQ ID NO:57
SEQ ID NO:58
SEQ ID NO:59
SEQ ID NO:60
SEQ ID NO:61
SEQ ID NO:62
SEQ ID NO:63
SEQ ID NO:64
SEQ ID NO:65
SEQ ID NO:66
SEQ ID NO:67
SEQ ID NO:68
SEQ ID NO:69
SEQ ID NO:70
SEQ ID NO:71
SEQ ID NO:72
SEQ ID NO:73

iTe

SEQ ID NO 60 CDRL2 SEQ I D NO 61 CDRL3 SEQ I D NO 62 Vari abl e heavy
SEQ I D NO 64 CDRH2 SEQ I D NGO 65 CDRH3

3 SEQ I D NO 70 Rabbit

abbi t i mmunogl obul i n const ant

2 Conf ocal m cr ographs after

Variable light chain of Mab 085

CDRLI1

CDRL2

CDRL3

Variable heavy chain of Mab 086

CDRHI1

CDRH2

CDRH3

Variable light chain of Mab 086

CDRLI

CDRL2

CDRL3

Variable heavy chain of Mab 097

CDRHI1

CDRH2

CDRH3

Variable light chain of Mab 097

CDRLI1

CDRL2

CDRL3

Rabbit immunoglobulin constant region (kappa)
Rabbit immunoglobulin constant region (gamma)
Mouse immunoglobulin constant region (kappa)

Mouse immunoglobulin constant region (gamma)

Description of the Figures

i mmunogl obul i n const ant
regi on (gamm)
ion (kappa) SEQ ID NO 73

RAhL region (gamma) Description of the Figures
caI i zation of pS422 1gd after ip admnistration
mul tiple

Figure 1: Intracerebral localization of pS422 IgG1 after ip administration in
35 the TauPS2APP mouse model.

multiple fluorescence staining with primary antibodies against

Confocal micrographs after

IgG1l conjugated to Alexa488 and anti-pTau antibody AT8



| gd@ conjugated to Al exa488 and anti-pTau anti body AT8conjugated to

Al exab55 reveal ed bound 1g3@ (A and pTau deposits (B) together w th DAPI

for cell wWoch®14¢42p. Merged i nages show col ocal i zed st aiPirAg2@/003387 - | gG

and pTau in sone pTau positive cells (D). Figure 2: Vehicle control of

intracerebral localization of 1gd in thg_-TauPS2APP nouse nodel. Confocal

m crographs after nultiple fluorescence staining of TauPS2APP brain section

showi ng an overview of the CAl region of the hippocanpal formation. A

mul tiple staining wth ponjugatedatut iAlext5ss mgeailattbolugd] Ig€dnjApainddpTau

Al exa488 is negative (A [ T o 55

reveal s pTau deposits ( epé% P ?O%eﬁ{%% nuc llrl I";f‘e(;il\%et(r? Md&é%ges

are shown in (D). No appmegessiiow acvlmtahzgd;lstaimmmﬁmtu é@l@@amsmerved

in TauPS2APP m ce after [{mjefkitoR cuiid (byvehicle. Figure 3: Intracellular

| ocal i zation of Igd after ip admnis at| on i {he TauPS2APP_nouse, nodel .
e

Conf ocl ni Figsreadhs af (\ehig) R () inFaceEsh oglizaliop ool leFhups3hep
brain section showing a PRAPSPAPE habel ﬁddaebonwcahnmt@epm efiéromuBipleor t ex.

A multiple staining wit rimar nt i bodj on ated to
Al exa488 and ant i -gTau SRl eA%é‘n%%Ptgséngf’%’gﬁ&r@ga?ﬁé Jébj(géﬂngdarbound
1g@ (A) and pTau deposidweri8y.ofMhegeAli rppesofsthevhippecangiab daimatiod. A
perinuclear and dendritig, ﬁ})ﬁg n t5 ‘f% qpritgl - AYQQX azfl-ﬂle-dri%H tgﬁﬁgpefgd\f th

n

DAPI stain for cell nuclei tracell
| ocal 18ation of 1gQ@ af tc@mua@teédmA:immS&tw oegaitlﬁemb ArduPEpnmpibedli el fodel

Confocal mcrographs aftgh; dga{ehltelpﬁeidsgs&&seﬁ@mu%gmsmg) ab A PRUERIOPP
brain section showi ng a p05| tl | abel ed.cel | am dal, Iayer of

the hi ppocanpal CAl r egi‘6H. nuglen() isrge t“&?gﬁsr?@ewqu B‘rﬁ??a APRTSIADIS e
agai nst 1gd conjugated drm-llgbaxaq%&&naﬂdo@mdncm\aas @mmaﬂynATBummugat ed

Lﬁoc\‘/l 1?);12553 (r)g\éﬁilz:g bounflcelal ermS A&lon thpv Jau,deposits (B). Merged images
15 Figure 3: Intracellular localization of IgG1 after ip administration in the

TauPS2APP mouse model. Confocal micrographs after multiple
fluorescence staining of TauPS2APP brain section showing a
positive labeled cell within the prefrontal cortex. A multiple
staining with primary antibodies against IgGl conjugated to

20 , Alexad88 and anti-pTau antibody AT8 conjugated to Alexa555
revealed bound IgG1 (A) and pTau deposits (B). Merged images
show the colocalized perinuclear and dendritic staining of anti-
IgG1 and pTau together with DAPI stain for cell nuclei in blue
©).

25 Figure 4: Intracellular localization of IgG1 after ip administration in the
TauPS2APP mouse model. Confocal micrographs after multiple
fluorescence staining of TauPS2APP brain section showing a
positive labeled cell within the pyramidal layer of the
hippocampal CAl region. A multiple staining with primary

30 antibodies against IgG1 conjugated to Alexa488 and anti-pTau
antibody AT8 conjugated to Alexa555 revealed bound IgG1 (A)
and pTau deposits (B). Merged images show the colocalized
perinuclear and dendritic staining of anti-IgG1 and pTau together
with a DAPI stain for cell nuclei (C).

35 Figure 5: Intracellular localization of IgG2a after ip administration in the
TauPS2APP mouse model. Confocal micrographs after multiple

fluorescence staining of TauPS2APP brain section showing



perinucl ear and dendritic staining of anti-l1gd and pTau together with a
DAPI stain for cell nuclei (C. Figure 5: Intracellular |ocalization of

| g&Ra af twWo 20p/eedni stration in the TauPS2APP nouse nod€l/EPGunfooial

m crographs after nultiple fluorescence staining of TauPS2APP brai n section
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anti-pTau antibody AT8 gRrAhugairedaihingAfenabptaavdgiTad tbgether WIBIARIA) and

pTau deposits (B). Mer ge es show t.he col ocalized perinucl ear staining
of anti- 1g&b and pTau,’4 lﬁgqa%gﬁé]&fc%/(é)he arrows (C). Figure 7: Analysis of

TauPS2APP nifligere 68 Gal IIyH&ced;lulavéocad;ﬂzamn of) Ig6i2baatergipt admhinistration se¢hd on of
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are visible in black an co |rmp poitive neurons Teveal
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16 month ol d TauPS2APP rBUdﬁﬁ/e RABkled Tadll RvafER ﬂﬁb Riffomsal S Qs €dxf lr@g'ibﬂl YAt O
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15 Merged images show the colocalized perinuclear staining of anti-
IgG2b and pTau, indicated by the arrows (C).
Figure 7: Analysis of TauPS2APP mouse. A: Gallyas silver staining of a
sagittal brain section of 16 month old TauPS2APP mouse.
Typical tangle-like intraneuronal structures are visible in black
20 and confirm pTau poitive neurons revealed Dby
immunofluorescence microscopy. B: Immunogold labeled
ultrathin section of a 16 month old TauPS2APP mouse. Anti-Tau
pS422 mAD binds specifically to fibrillar structures at a dendritic
process in the hippocampal CAl region, as revealed by the
25 secondary antibody conjugated to 10 nm colloidal gold (arrow).
Size and density of labeled fibrils suggest that they are
comparable to paired helical filaments of phosphorylated Tau
proteins found in degenerating neurons of Alzheimer’s Disease.
Figure 8: In vitro binding of anti-Tau pS422 antibodies to AD brain
30 sections. Fluorescent micrographs after staining of human cortical
AD brain sections with anti-Tau pS422 monoclonal antibodies
(clones 2.10.3, 2.20.4 and 5.6.11) at indicated concentration
showing positive labeled pTau deposits. Intracellular pTau
deposits, like large neurofibrillary tangles and elongated neuropil
35 threads, are notable
Figure 9: Selectivity of anti-Tau pS422 antibodies for Tau pS422 compared
to Tau. Measurement by ELISA of selectivity of anti-Tau pS422



Figure 8 In vitro binding of anti-Tau pS422 antibodies to AD brain
sections. Fluorescent mcrographs after staining of human cortical AD brain
sect i ons wot2h10arde423 Tau pS422 nonocl onal anti bodi es (cl ome3/EP2w0/083432. 20. 4
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anti- Tau pS422 speci fi dlefi P-BBains 0081 P 1 876 185. b)
Purification of clones 2.10.3, 2.20.4 and 5.6.11 Cell-free hybri doma
cul ture supernatant. (250-300 mM) was | oaded on a 25 m MEP Hypercell colum
(pall Bi osc%i ch was equilibrated with 50 raM Tri sC

15 Preparation and purification of antibodies

a) Antibody generation

Mice were immunized with a Tau fragment of SEQ ID NO:9 (Ser-lIle-Asp-Met-

Val-Asp-Ser(PO3;H,)-Pro-Gin-Leu-Ala-Thr-Leu-Ala-Asp) which corresponds to

amino acids 416-430 of the longest human isoform of Tau. To allow directed
20 coupling via thiol to KLH a cysteine was added N-terminally to the Tau fragment.

The subsequent immunization protocol, fusion and cloning and screening for anti-

Tau pS422 specific antibodies is described in EP 1 876 185.

b) Purification of clones 2.10.3, 2.20.4 and 5.6.11
Cell-free hybridoma culture supernatant (250-300 ml) was loaded on a 25 ml MEP
25 Hypercell column (pall Biosciences) which was equilibrated with 50 mM TrisCl
pH8.0. After washing with equilibration buffer the antibody was eluted with 30
mM sodium citrate, 100 mM NaCl pH4.1. Antibody-containing fractionswere
pooled and then dialyzed in Spectra-Por 6-8000 dialysis tubing overnight at 4°C
against 5 litre of 10 mM TrisCl pH8.0. The dialysed material was loaded on a 10
30 ml Source 17Q column (GE Healthcare) which was equilibrated in 10 mM TrisCl
pHS8.0 (buffer A). After washing with buffer A the antibody was eluted with a
gradient from 0-25% buffer B in 10 column volumes. Buffer B contained 10 mM
TrisCl, 1M NaCl pHS8.0. The antibody eluted at about 200 mM NaCl. The purity of
the individual fractions was checked by SDS-PAGE and the purest fractions pooled.



pH8. 0. After washing with equilibration buffer the antibody was eluted with
30 MM sodiumcitrate, 100 nM NaCl pH4.1. Antibody-containing fractionswere
pool ed armothewvi4aizal yzed i n Spectra-Por 6-8000 dial ysi s PCHPAQ000&8NI ght at
4C against 5 litre of 10 MM TrisC pH8.0. The dial ysed material was | oaded
on a 10 ml Source 17Q colum (CGE Heal t heare) which was equilibrated in 10
mv Trisd pH8.0 (buffer A). After washing with buffer A the anti body was
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Aggregat ed, phashstlsiees ihaioud@monbepadl adtibydy spetilfietfonss4226n dggr egat ed
Tau with ERK2 ki nase as descri bed above.

Aggregated (fibrillar) Tau was prepared by incubating purified Tau at a final
concentration of 5 uM in 10 mM TrisCl pH8.0 containing 50 pM arachidonic acid
(Sigma, Switzerland). The incubation was carried out at 37°C for 16 h.

20 Aggregation status was checked by fluoresecnce spectroscopy in the presence of 10
pM Thio S (Barghorn and Mandelkow [2002] Biochemistry 41:14885-14896) and
by electron microscopy (Figure 10). As Figure 10 shows, aggregated Tau has a
fibrillar appearance. Aggregated, phosphorylated Tau was prepared by incubating
pre-aggregated Tau with ERK2 kinase as described above.

25 Example 3
Anti-Tau pS422 monoclonal antibodies are highly selective for Tau

phosphorylated at S422

a) Peptide synthesis

Peptide syntheses were performed in an automated peptide synthesizer using Fmoc
30 chemistry. In iterative cycles the peptide sequences were assembled by sequential

coupling of the corresponding Fmoc-amino acids. In every coupling step, the N-

terminal Fmoc-group was removed by treatment of the resin with 20% piperidine

in N-methyl pyrrolidone. Couplings were carried out employing Fmoc-protected



Exanpl e 3 Anti-Tau pS422 nonocl onal anti bodies are highly selective for Tau
phosphoryl ated at S422 a) Peptide synthesis Peptide syntheses were

per f or mreawOroBM42280nat ed peptide synthesizer using Fnp@®CTHPanioion3ss7 | n
iterative cycles the peptide sequences were assenbl ed by sequenti al
coupling of the corresponding Fnoc-am nggacids. In every coupling step, the
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bi oti nyl ated target_ sequences After fi1 nal tecti.on
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20 which were repeatedly washed with diisopropyl ether. The crude products were re-
dissolved in a mixture of acetic acid/water, lyophilized and subsequently purified
by preparative reversed phase HPLC employing an acetonitrile/water gradient
containing 0.1 % TFA.

HBTU:2-(1H-benzotriazole-1-yL)-1,1,3,3-tetramethyluroniumhexafluorophosphate
25 HOBt: Hydroxybenzotriazole

DIPEA: N,N-Diisopropylethylamine

NMP: N-methyl-2-pyrrolidone

b) Assay with phosphorylated Tau peptide

30 Peptides representing the Tau pS422 sequence 416 — 430 (phosphorylated and non
phosphorylated) and MCAK_Human (88-102)[95-pSer] were synthesized and
biotinylated to allow the coating to a streptavidin labeled microtiter plate. To test
for maximal binding of Tau phosphopeptide to the assay plates, different
concentrations of Tau phosphopeptide ranging from 1 ng/ml to 2000 ng/ml were

35 used for coating. Finally 50 ng/ml Tau phosphopeptide was used for coating for 60
min at room temperature. Anti Tau pS422 antibodies 2.10.3., 2.20.4. and 5.6.11



HOBt : Hydroxybenzotriazole DI PEA: N, N-Diisopropyl et hyl am ne NVP:

N- et hyl - 2- pyrrol i done b) Assay with phosphoryl ated Tau pepti de Pepti des
repr esentwogotong2dbau pS422 sequence 416 - 430 (phosphor yCatEpdo@oo43on
phosphoryl at ed) and MCAK Human (88-102)[95-pSer] were synthesized and
biotinylated to allow the coating to a-gpreptavidin |abeled mcrotiter
plate. To test for maxi mal binding of Tau phosphopeptide to the assay

pl ates, different concentrations of Tau phosphopeptide ranging from1l ng/m
to 2000 ng/ neratiicabatee tn flerpeptdé labgled Micadtiter phitesfpr 60 Mmunghosmitmpent | de

was used for_coatd m n I - . '

ant i bodi es élpltﬁa]g)o 5@@6.886%%%5@%}%%} g% ?ﬁ%ﬁ'ﬁ@é’&@%ﬂ%ﬁﬁﬁﬁ% c?]neg

| abel ed mi craptdrtiemopseat dgGfRsr aribodiy rwhiech svas PéMRlahelesih Migs inerbroon wig ni .
Af ter washi f‘&%g‘ OPM%\E%&%%?&@&%@@%&@@@;@ %%.2% Q05 Y$h NY46P nm

anti - nobuse c anti ch was POD-1 a eé fter Jnﬁggati n with

ABTS(r§ for W& megsuead. ffhéﬁﬂ%{w&ia@iagéﬁaém&fﬁééx B p: Yygica smYﬂ?‘-le 492 nm
wgls rereas ulr gdaguﬁmat d’é”t'érhh@éiﬂi_nbh? eHindg ofae0 d ; Bfm' m.e?.smsf@zmo for'cl)25(m.¢.adndE1C/521

\' u cou e e I N e r.ange n .

for 2.20.4. %2‘6‘9 Ofrég-w : ?‘Eﬁ nen .inffrg'ﬁ?g %%%&%W&Pﬁ&@%hﬁ"??ié?&t and
( MCAK :—|u man 1((3&954;&)]0 SroGex]ds contrelsuNadbiadingarftthe tentrdlipepiidedi cogldobe t he
control peptides o e ) [ - . d
50" he(Tabr iR efot A ARIEDNE vl PR ARG ST HITATURE LR ML i our
phosphfr y| atabguiTate fof heramaximiherbkomeasveash with. hospherylated disgstagpentat ed

Tau fragnmentmyM i _
nonphosphor y Pf(ﬁr% r%ﬁ%gg.? i b‘éﬂé&s%’)t}p‘}félgghlogﬂﬁﬁﬁ ThdGrdeti it GRtRRAdeRstibv Ry of at

NO 10 and.to n
(88- 102) [ 95-Igast A PO-frldsomnared, to nonphpspharyialed day Pen%fiﬂ J%&B{%ﬁ%a%x.
O D. Max O Qo MeuKRetutdn88(102)95pskr]. Rbasishey gHoatnad Tabkgient
phosphoryl ated phosphoryl ated Tau fragnment binding Tau fragment MCAK
binding /O D. Tau fragnment fragnent) %.aﬂj%t’i. 3300 nE 3OnE 110 3OnE c) Assay
with full-length Tau and Tau pS422 Assays—were perfornmed using the Meso

Scal e Di scovery(t assa | at form ( MSD
Ant¥l§odr;') Max. gd) Ma(lx O.D. Tau Relation (O.D. O.D.

phosphorylated fragment phosphorylated phosphorylated
Tau fragment binding Tau fragment MCAK
binding /0.D. Tau fragment
fragment)
2.10.3. 3300 mE 30 mE 110 30 mE

15
¢) Assay with full-length Tau and Tau pS422
Assays were performed using the Meso Scale Discovery™ assay platform (MSD,
Gaithersburg, Maryland, USAMD). MSD 96-well microtitre plates were coated
with Tau or Tau pS422 at a concentration of 2 pg/ml in PBS buffer for 1 h at room
20 temperature. Plates were then blocked by adding PBS containing 5% BSA and 1 %
Tween 20 for 1 h.. Antibodies were diluted in Low Cross Buffer (MSD) containing
0.1% BSA and 0.1% Tween®20 at a concentration of 30 pg/ml to 20 ng/ml
(except for clone 2.10.3 where the concentration range was 3 ng/ml to 250 ng/ml)
and added to the coated, blocked plates and incubated for 3 h at room temperature.
25 The plates were then washed three times with PBS buffer containing 1% Tween.
For detection of bound antibody, SULFO-tagged anti-mouse IgG (MSD) was
added at a concentration of 0.5 pug/ml and the plates incubated for 1h at room
temperature. After addition of Read Buffer (MSD), plates were read in a MSD
Sector Imager 6000 plate reader. Figure 9 shows the data obtained using either Tau
30 or Tau pS422 as binding partner for the anti-Tau pS422 monoclonal antibodies



Gai t hersburg, Maryl and, USAMD). MSD 96-well microtitre plates were coated
with Tau or Tau pS422 at a concentration of 2 ng/m in PBS buffer for 1 h
at room twoperoae428. Pl ates were then bl ocked by addi ng PPBEPe@Nei4AT ng 5%
BSA and 1 % Tween 20 for 1 h.. Antibodies were diluted in Low Cross Buffer
(MSD) containing 0.1% BSA and 0. 1% Tweepr) 20 at a concentration of 30
pg/m to 20 ng/mM (except for clone 2.10.3 where the concentration range
was 3 ng/m to 250 ng/m ) and added to the coated, bl ocked plates and
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bi nding to Tau were not distingui shable from background signals and

t herefore n@Eximpliedg to Tau was detected. Therefore it was cal cul ated that
each of the . € ' [‘8“’ g%?g? LRI EsodRb SfiSs dOTIRPSIEN22 With a
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anal ydPs waBigews t gnalysis 0¥as vyed t9i maaswie dre pindinzraf, Ants Pg‘ﬁ%?nzd?n@lo. 3)

to preparatinne3pho Wﬁia@eﬁ@h@d)f 4ddoédakddarfibFalar Sh2S47Dh €T ehpisqsbhorylaéded
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coupling on pgoﬁ%&ﬁggﬁggﬁzgﬁ#bgéﬁigﬂ@ﬁlgt ‘pur pose, aggregated Tau pS422 was
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surfadé was loomobiizationonisensos chiRstei n sol ution until the desired |evel of
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sodium acetate pH 5.0. The activated sensor surface was contacted with the protein

solution until the desired level of protein was immobilized on the chip. Afterwards
20 the remaining reactive N-hydroxysuccinimide-esters were blocked by injecting 1 M
Ethanolamine pH 8.0. 450 response units (RU) of protein was immobilized in order
to characterize the binding behavior of anti-Tau pS422 (clone 2.10.3). The
immobilization assay was carried out at RT and with PBS used as running buffer.

Kinetic titration:

25 For the characterization of the antibody, the running buffer was changed to 10 mM
Tris-Cl pH 8.0, 250 mM NaCl and a concentration series of the antibody was
prepared: 5 different concentrations, dilution factor 2, max. conc. 200 nM. The
different solutions of antibody were injected consecutively starting with the lowest
concentration. The sensor surface was regenerated with 100 mM H3POj, after the so

30 called kinetic titration. The measurements were carried out three times.

Data evaluations was performed by using Biaeval software. The calculation of the
parameters are based on the assumption that the binding of the antibody aggregated
Tau pS422 is fully monovalent. The kinetic and thermodynamic parameters
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i mrunodecor ati on of pa Ica evant au pathology 1n Al zheiner's
di sease braimMti ssue was investigated by i nmunohi stochenical staining
experinments using cryosections of human brain tissue from AD pati ents.

Assessnent vg@gadpRes by using frozen postnortembrain tissue fromAD
neur

patients staged at hol ogi cal | s Braak VI. .Brain t.issu S
cryosect i onel YH® tﬁﬂ‘ag& &i‘t’qugf‘“ip B}ﬂné’?@é‘ﬁ!a?ﬁtélfor esﬂ/\ﬁotlﬂgr a&‘\é@r cheni cal
i .e. al dehydgTiu kpbigin sedingdiomAloieimEals Disgoe patiemas done using a
fluorescently | abelled secondary anti body specific for nouse |1gG and

moni tq'bed bythle! %Bécefﬁg earﬁcdesér{sgﬂte HhALRGRMtion of pathologically relevant pTau
pathology in Alzheimer's disease brain tissue was investigated by
immunohistochemical staining experiments using cryosections of human brain

tissue from AD patients. Assessment was done by using frozen postmortem brain

tissue from AD patients staged neuropathologically as Braak VI. Brain tissue was

15 cryosectioned and processed for immunohistochemistry without any chemical i.e.
aldehyde fixation. Detection of pTau deposits was done using a fluorescently

labelled secondary antibody specific for mouse IgG and monitored by fluorescence

light microscopy.

Briefly, cryostat sections of unfixed brain tissue from cortical brain regions
20 obtained postmortem from patients that were positively diagnosed for Alzheimer’s
disease were labeled by indirect immunofluorescence. In the present report images
obtained from orbital frontal gyrus tissue from an AD patient (Case 01-05; internal
brain bank) are shown. A successive two-step incubation was used to detect bound
murine antibodies from different clones which are revealed by affinity-purified
25 goat anti-mouse IgG (H+L) conjugated to Cy3 (Jackson Immuno Research).
Sectioning, staining and fluorescence microscopy was done according to standard

precedures.

Specific and sensitive staining of pTau pathology is evident for clones 2.10.3,
2.20.4 and 5.6.11 (Figure 8). A consistent staining of all types of pTau deposits,
30 namely neurofibrillary tangles, neuropil threads and dystrophic neurites is clearly
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Laboratory Aplc8&ilifak@nddede th the explicit

Animals were housed with a 12-hour light-dark cycle and food and water were
provided ad libitum. Housing facilities are accredited by the Accreditation of
Laboratory Animal Care. All procedures were conducted in strict adherence to the
20 Swiss federal regulations on animal protection and to the rules of the Association
for Assessment and Accreditation of Laboratory Animal Care and with the explicit

approval of the local veterinary authority.

Processing of mice for immunohistochemical analysis: Mice were anaesthetized
using 4% isoflurane and killed by decapitation. Blood was collected in EDTANaF

25 coated tubes (Milian). Brains were removed, frozen immediately on dry ice and
stored at -80°C until further use.

Males and females mice aged 20 months old were used in the experiments. At that
age, enhanced intracellular hyperphosphorylated Tau accumulation and

neurofibrillary pathology is evident in brains from all mice tested so far.
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The ultrastructure of pTau deposits was investigated by immuno-electron
microscopy. A 16 month old TauPS2APP mice weae perfused with 2%

20 formaldehyde and 0.5% glutaraldehyde in PBS. Brain slices were embedded into
Lowicryl HM20 and ultrathin sections prepared as described previously (Richards,
J.G. et al., J. Neurosci. 23 (2003) 8989-9003). Briefly, sections were incubated
with anti-Tau pS422 at 10ug/ml in PBS with 2% BSA for 1h. After 6 washes in
PBS/2%BSA, the sections were incubated with a secondary goat anti-mouse IgG

25 (Amersham, Arlington Heights, IL), conjugated to 10nm gold at 1:20 in
PBS/2%BSA/0.1%Tween®20 for 1h and washed in PBS with 2% BSA. For
controls, we used sections treated with normal mouse serum, which resulted in a
negligible background of less than 10 gold particles in an area of 10 pm?. Electron
micrographs were taken with a JEOL 1210 at 100 kV.

30 An ultrastructural examination of the hippocampus of a 16 month old TauPS2APP
mice with numerous pTau positive neurons revealed immunogold labeled fibrillar
deposits typical for paired helical filaments (PHF) within dendritic processes
(Figure 7B). Ultrathin sections labeled with anti-Tau pS422 mAb revealed specific
binding to fibrillar structures within dendritic processes in the hippocampal CAl
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Forene(tm, e asp tate s a reached t.h t he thorax
was opened alﬂélutdm prichurey ginitarrtenesperfibilanp &3 e@FteCtable in several brain

regions , as described in Example 4.

The used antibodies against Tau pS422 were administered i.p. at a dose of 20

20 mg/kg. Immunohistochemical stainings were done two days after ip administration
to detect pTau deposits and bound mouse IgG subtype antibodies. Groups of each
three mice were sacrificed two days after dosing. The mice were deeply
anaesthetized (~2 minutes in 5% v/v Forene™, until the asphyxia state is almost
reached), then the thorax was opened and the pericardium removed and perfused

25 with PBS and decapitated, brains were halved and snap frozen in dry ice.
Parasagittal cryostat sections of fresh-frozen brains were cut at 20 pm thickness
with a cryostat (CM3050S, Leica), mounted on precooled Histobond slides
(Marienfeld, Lauda-K6nigshofen, Germany) and stored at -20°C.

A triple immuno-fluorescence staining was applied to detect bound anti-Tau pS422
30 antibodies. Sections were hydrated in PBS and treated with 100% acetone
precooled to -20°C for 2 min. All further steps were done sequentially in a staining
automat (Autostainer Plus DakoCytomation, High Wycombe, UK) at room
temperature. Slides with brain sections were washed with PBS containing 0.01%

Tween 20, pH 7.4 for 5 minutes and blocking of unspecific binding sites by
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pS422 were fiBlages were recor ed sequentially at non- ping emission channels récord
20 with a Leica SP2, AOBS confocal laser scanning microscope at a pinhole setting of
1 Airy.

Substantial pTau pathology is noted in TauPS2APP mice at 24 months. Typically,
several neurons that are strongly positive for intracellular Tau pS422 were found
within the prefrontal cortex and pyramidal cell layer of the hippocampal CAl
25 region and adjacent into the subiculum. At this age, pTau was found to spread into
the stratum oriens and along the hippocampal alveus border into the CA3 and

fimbria region and also into the stria terminalis.

Immunostainings at the prefrontal cortical and CA1 region from the hippocampal
formation of 24 month old TauPS2APP mouse are shown in confocal microscopy
30 images (Figures 1-6). Clearly, intracellular pTau and administered IgG subtype
antibodies were detectable and found colocalized at cells in the brain regions with
substantial pTau pathology. Representative examples for intracellular IgGl
localization is shown in Figures 1, 3 and 4 with vehicle control (Figure 2). IgG2a
positive cells (Figure 5) and IgG2b (Figure 6) were also found in some cells. Some
35 of the pTau positive cells exhibited a typical neurofibrillary morphology which is
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tested anti -shawnp®4d3aRlednt i bodi es shovved speC| fic binding to intracellular
pTau deposits. However, the extent of binding varied between the three 1gG
i sotypes, as shown in Table 3. Table g,pf.i body 1gG isotype Staining
intensity |n TauPS2APP npouse brain Tal _Z .10.3 1gd XXX Tau 2. 20 4 Ig@a X
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anti body reduces Tau pathology in a nouse nodel of Al zheiner's Di sease The
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10
Where X= mild, XX = moderate and XXX= strong IHC reactivity

Example 9

Chronic treatment with anti-Tau pS422 monoclonal antibody reduces Tau

pathology in a mouse model of Alzheimer’s Disease

15 The ability of murine anti-Tau pS422 Mab to reduce Tau pathology in a mouse
model of Alzheimer’s Disease mice is tested by administration of the antibody to
Tau.PS2APP triple transgenic mice over a period of 4 months. Thus, a group of 20
Tau.PS2APP triple transgenic mice, aged 7 months, are treated once-weekly by ip
administration of murine anti-Tau pS422 Mab (clone 2.10.3). The antibody is

20 administered at a concentration of 2 mg/ml in vehicle (20 mM histidine, 140 mM
NaCl pH6.0) to give a final dose of 20 mg/kg. A second group of 20 triple
transgenic mice receive an equivalent volume of vehicle. After 4 months all mice
are killed and the brains removed as described in example 5. Each brain is then
divided into two hemispheres, one of which is prepared for immunohistochemical

25 analysis as described in example 5. The second hemisphere is used for quantitation

of pTau levels by immunoassay as described below.



adm nistration of murine anti-Tau pS422 Mab (clone 2.10.3). The antibody is
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nonths all mce are killed and the brai®®-renoved as described in exanple
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performed usjmg ak&gs)eso Scal e Di scovery assay platform (MSD, Gaithersburg,
Maryl and, USAMD). Capture and detection anti bodies are |abelled with biotin

and SULFO T ectively, according to standard protocols provided
by MSD. The%fﬁﬁ%’!ﬂi@f%ﬁ?f‘c’%gi es were used in the assays: (i) 5A6, a nurine

anti body di r4ltasshysged peformredrusing thgsMesp Seale rDisr%ﬁyera@ssawm%@dM%D,
Johnson, G Moaififerdure, Mary i RO Safrd 0 deillrtbadintiblotics AR I8Rlled

murine antibody det ed"agalinst pT231 in Tau [|nnogenetic Bel gi unm ;
(iii)1Buri né”léhltbmtlfl'aﬁ!ildpw%f%iré&%’ 2(65962“&%1.‘/{1@&%9’11 d'q ﬁtaéaﬁrS‘?%g%%T!, (iv)
mr i nedant | -pkvided %Wslgsweaﬁoﬂsdi@a;muie@ Ukdre lusedytih tikanssajingi)asné,bmdy 5A6
IS used as capture t 0qQ. t er.emalnlngatl (0] 2 [e _us ecti1on
ant i bodi es. @Eg%lap% p&é‘%‘ﬁ?{]@g%‘f‘gdawnt% a%‘?? é%’%gvi?%i]ﬁduarag ‘%"1%8@12%“3 or 1 h
at RT with ShR&h, GMVatesalarie Nasodnt 68 ed 9978303 3:h (iNadA 180f #enulimps,

0. 05%ween(r) 2 [ i i L buff er: ! .

OBSAl 1 o aeer TP ALY ReBR PO in Ffhffbpbrlb Sttt ) wfdbiedoti-

m nut 5. Pl afasp’ dansddlat ﬂgscwhgdweuEBhg’eﬁ.mﬁléh (1v)y gugine gntigkaclongf f er

| s added to f’@?lf'aig\fdi airlsP FlIRYERGtHOYa? Thil anfibodly 5 Mb @¢lubiydedsicaptipe aidtiadlyy and
25 m of Sulto-tagged detection ag‘il b d%c . Pl a,%e are shaken at 40C for 1 h
f 1et 71@n|2hnt1 9

and subsequeht F§MBEIRSHtBPliEs argus $%sD Read Buffer is added
and the plates read on an MsSD Sector | nmager 6000.
96-well MSD plates coated with streptavidin are blocked for 1 h at RT with 5%

BSA. Plates are washed three times with wash buffer (PBS, 0.05%Tween®20).
20 Capture antibody, diluted in assay buffer (PBS/1%BSA/ 1%Tween®20) is then

added and the plates incubated at 4°C for 30 minutes. Plates are subsequently

washed once. Next, 75 ul of assay buffer is added to each well, followed by 25 pl

of diluted brain supernatant and 25 pl of Sulfo-tagged detection antibody . Plates

are shaken at 4°C for 1 h and subsequently washed once. Finally, 170 ul of MSD
25 Read Buffer is added and the plates read on an MSD Sector Imager 6000.

To allow quantitation of Tau and Tau pS422 in mouse brain extracts, standard
curves were constructed using Tau and Tau pS422 prepared as described in

Example 2.

Lowering of the Tau pathology in the Tau.PS2APP the triple transgenic mice by
30 chronic treatment with anti-Tau pS422 monoclonal antibody is evidenced by a
reduction in typical Tau pathology observed in antibody-treated mice at 11 months
of age compared to vehicle-treated mice of the same age. This reduction is
manifested by the reduced neurofibrillary tangle load, as detected by
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determination of Tau (416-463)[pS422] specific antibody response.

b) Antibody response
The antibody response to the immunization was determined by serial dilution of
20 sera using an ELISA, in which 30 ng per well of biotinylated Tau (416-
430)[pS422] was incubated in 1x PBS at 4°C over night on strepatvidin pre-coated
96wells microtiter plates (MC1347, Micro Coat Biotechnologie GmbH, Bernried,
Germany). For detection, goat anti-rabbit IgG linked to a horseradish peroxidase
(The Jackson laboratory) was used at 1:16000 dilution. BM Blue POD Substrat,
25 precipitating Tetramethylbenzidine (TMB), ready-to-use solution from Roche
Diagnostics GmbH was used for visualization. Reaction was stopped via 1N HCI

and measured in Tecan Infinite by 450/690 nm.

¢) B-cell cloning

30 Coating of plates
Sterile streptavidin-coated 6-well plates (cell culture grade) were incubated with
either a mixture of 3 biotinylated control peptides (non phosphorylated Tau (416-
430), MCAK_Human (88-102)[95-pSer] and MAP2_Human (1802-1816)[pSer-
1802]) or with the biotinylated phospho-peptide Tau (416-430)[pS422] each in a
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Pai sl ey, eti1on of macrophages/ nonocytes Sterile 6-well plates
(cel | 18ul turaéltlbﬁ@}é%) were used to deplete macrophages and nonocytes through
unspeci fic adhesion. Wlls were either coated with KLH (key hol e |inpet
henbcyani ne)EpRi4 BS nfediimept avi din and the control pepti des Each vveII was

hemoyan
rononucl ear CeMTa oD gRee Hhoe SR ict ] spPshEal PO % 31, 1,

37 Cin the (iHychima; b0gan5(0% dfSApendd| Glitanmng hs mp&ﬂméﬁnamoﬁwnesdsw for

the panni "9 @ RBL ALY 2R %0 urf v&eﬁ@m@l}lr}@@ﬁéy(ﬁm Bik&d, t 0
I nmune quor scénce St |n|ng and single sbr
15 Aidenbach, Germany) and 0,05 mM beta-mercaptoe %anole (Gibco, Paisley,
Scotland)

Depletion of macrophages/monocytes
Sterile 6-well plates (cell culture grade) were used to deplete macrophages and
monocytes through unspecific adhesion. Wells were either coated with KLH (key
20 hole limpet hemocyanine) or with streptavidin and the control peptides. Each well
was filled with at maximum 4 ml medium and up to 6x10° peripheral blood
mononuclear cells from the immunized rabbit and allowed to bind for 1 h at 37 °C
in the incubator. 50% of the cells in the supernatant were used for the panning step;
the remaining 50% of cells were directly subjected to immune fluorescence

25 staining and single cell sorting.

Panning B cells on peptides

6-well tissue culture plates coated with strepavidin and the biotinylated peptide Tau

(416-430)[pS422] were seeded with up to 6x10° cells per 4 ml medium and

allowed to bind for 1 h at 37 °C in the incubator. Non-adherent cells were removed
30 by carefully washing the wells 1-2 times with 1x PBS. The remaining sticky cells

were detached by trypsin for 10 min at 37 °C in the incubator and then washed

twice in media. The cells were kept on ice until the immune fluorescence staining.



Panning B cells on peptides 6-well tissue culture plates coated with
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in the incubator. Non-adherent cells were renoved by carefully washing the
wells 1-2 times with I x PBS. The remaindtng sticky cells were detached by
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media. The cells were kept on ice until the i mune fluorescence
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(Merck), Darwtdepositee it 86-hletimites.5% rabbi t t hynocyte supernatant and
game-irradiated EL-4-B5 nurine thymoma cells (2 x 104/well) for 7 days at
37 Cin an aéang‘m\uee of 5% CO2 in the incubator. B cell culture

super nat ant s~ Wwer r'erfoved for screeni ng and the cells harvested i mmedi ately
for vafi abl 8 cefrdtmrgewereqireprredjbypa niatlndesimiler to that deseribeddyy Aybleg, R-Buf f er
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supernatants were screened

430) [ pS422] wjiupad)isRo6- %P&%\ﬁ%?}? 2(9@/881‘5118(%%" 313‘6) W‘&*ﬁg‘ﬁ?{gy‘ fHgls

l'i npet (1:20000) (Calbiochem (Merck), Darmstadt, Deutschland), 5% rabbit thymocyte
supernatant and gamma-irradiated EL-4-BS murine thymoma cells (2 x 10*/well)
20 for 7 days at 37 °C in an atmosphere of 5% CO; in the incubator. B cell culture

supernatants were removed for screening and the cells harvested immediately for
variable region gene cloning or frozen at — 80 °C in 100 ul RLT buffer (Qiagen,
Hilden, Germany).

d) B-cell clone screening

25 B-cell culture supernatants were screened for binding to biotinylated Tau (416-
430)[pS422] by ELISA. Non-phosphorylated Tau (416-430), KLH (key hole limpet
hemocyanine) and the unrelated phospho-peptide MCAK_Human (88-102)[95-
pSer] were used as control antigens. For the preparation of ELISA plates,
streptavidine pre-coated microtiter plates were incubated with biotinylated Tau

30 (415-430)[pS422] at 50 ng/ml for 1 hour at room temperature. Coating with KLH
or control peptides was performed at 1 pg/ml. B cell supernatants were diluted 1:5
to 1:10 and were incubated in the antigen coated microtiter plates for 60 min. After
intensive washing, the binding of the rabbit antibodies was detected using a sheep
anti-rabbit IgG digoxigenin conjugated detection antibody (Chemicon AQ301D).

35 After incubation with TMB at room temperature, absorbance at 370 nm -492 nm
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CAGAGTRCTGCT (ke TioLA % 4§giat@§°é0£ﬂd FER1 SRlHidPR 68eCTo! PREIRD On a 48

E-Gel 2% (I nvitrogen Positive PCR reactions were cl eaned using
t he Nucl eoSpin(r) Extract I k|t (I\/acher ey4&|\lage| 740609250) according to
manuf acturer's protocol and eluted i n—="—== Tab

rbHCfinal.up AAGCTTGCCACCATGGAGACTGGGCTGCGCTGGCTTC
rbHCfinal.do CCATTGGTGAGGGTGCCCGAG
rbLCfinal.up AAGCTTGCCACCATGGACAYGAGGGCCCCCACTC
rbLCfinal.do CAGAGTRCTGCTGAGGTTGTAGGTAC

20 8ul of 50ul PCR solution were loaded on a 48 E-Gel 2% (Invitrogen G8008-02).

Positive PCR reactions were cleaned using the NucleoSpin® Extract II kit

(Macherey&Nagel; 740609250) according to manufacturer’s protocol and eluted in

50ul elution buffer. 12pl of purified PCR products were sequenced directly in both

directions using the rbHCfinalup and rbHCfinal.do for heavy chains and
25 rbLCfinal.up and rbLCfinal.do for light chains (Table 4).

d) Recombinant expression of rabbit monoclonal antibodies and rabbit/mouse

chimeric antibodies

For recombinant expression of rabbit monoclonal antibodies, PCR-products coding

for VH or VL were cloned as cDNA into expression vectors by the overhang
30 cloning method (Haun, R.S. et al., Biotechniques 13 (1992) 515-518; Li, M.Z,, et
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of the antibody was athi eve nol /L acetate pH 3.14. The el uted
sanpl e was iYeekoafier dlapsfedigled onto a desal ting col um (Sephadex &5, GE
Heal thcare) and eluted in 20 mmol /L H s-HO, 140 nmol /L Nad pH 6.0. This
buffer was alysontilsRly pdifiédtidnst or age of purified antibody. General storage

Recombinantly expressed rabbit antibodies were purified from cell culture
20 supernatants on MabSelectSuRe™ columns (GE Healthcare). Prior to sample load
the column was equilibrated with 25 mmol/L Tris-HCI, 25 mmol/L NaCl, pH 7.4.
Elution of the antibody was achieved with 50 mmol/L acetate pH 3.14. The eluted
sample was immediately loaded onto a desalting column (Sephadex G25, GE
Healthcare) and eluted in 20 mmol/L His-HCIl, 140 mmol/L NaCl pH 6.0. This
25 buffer was also used for the storage of purified antibody. General storage
temperature was 4 °C, room temperature during the purification process and -80 °C

after aliquotation. Recombinantly expressed rabbit/mouse chimaeras antibodies
from cell culture supernatants were purified on MabSelectSuRe™ columns (GE
Healthcare). Prior to sample load the column was equilibrated with 1 x PBS, pH
30 7.4. Elution of the antibodies was achieved with 100 mmol/L citrate pH 3.0. The
eluted sample was immediately neutralized with 2 mol/L. Tris/HCl pH 9.0.
Afterwards the antibodies are loaded onto a size exclusion column (Superdex 200,
GE Healthcare) and eluted in 20 mmol/L His-HCI, 140 mmol/L NaCl pH 6.0 This
buffer was also used for the storage of purified antibodies. General storage
35 temperature was 4 °C, room temperature during the purification process and -80 °C

after aliquotation.



tenperature was 4 C, roomtenperature during the purification process and
-80 C after aliquotation. Reconbinantly expressed rabbit/nouse chinmaeras
anti bodi esof2owvn4eeBl cul ture supernatants were purifi edPOR/EP2010/003437

MabSel ect SuRe(tn) colums (CGE Healthcare). Prior to sanple |oad the col um
was equilibrated with 1 x PBS, pH 7.4.. 84 ution of the antibodi es was
achieved with 100 mml /L citrate pH 3.0. The eluted sanple was i medi ately
neutralized with 2 mol/L Tris/HO pH 9.0. Afterwards the antibodies are

| oaded ont o Exasiple1&xcl usi on col um (Superdex 200, CGE Heal thcare) and

eluted in 2Q ml . HbissiePidd or ™Rs al so
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al i quot ati on. Exanpl e 11 Anti-Tau pS422 nononocl onal rabbit antibodies are

hi ghly sel e%?' gsfaior Tau phosphoryl ated at pS422 and bi nd to fibrillary
aggregates o
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Results are to biotinylated Tau (416-430)[pS422] and non-phosphorylated Tau (416- -430)
20 peptides was characterized by its EC50 values. Cross-reactivity with KLH or
MCAK phosphopeptide was estimated by single-point measurement at high

concentrations , i.e. at 1:5 dilution of the cell culture supernatants. Results are

shown in table 5. EC50 values of binding to Tau phosphopeptide were found to be

more than 100 times lower than EC50 values of binding to Tau peptide, indicating

25 at least 100 fold selectivity for phosphorylated Tau fragment compared to non-
phosporylated Tau peptide. Binding to KLH and MCAK control phosphopeptide

was at background level with all antibodies, which is about 1<3% of the maximal

value measures with Tau phosphopeptide.



shown in table 5. EC50 val ues of binding to Tau phosphopepti de were found
to be nore than 100 tinmes | ower than EC50 val ues of binding to Tau pepti de,
i ndi cati nyoaniywaes 100 fold selectivity for phosphoryl CEEPTEO/0HF4AGTENT
conpared to nonphosporyl ated Tau peptide. Binding to KLH and MCAK control
phosphopepti de was at background |l evel-g4th all antibodies, which is about
1<3% of the nmaxi mal val ue neasures with Tau phosphopeptide. Table 5: OD 1:5
di lution of supernatant EC50 EC50 non- 1gGtiter of KLH MCAK phosphoryl at ed
phosphoryl at ed supernatant Tau pepti d€aliled:peptide (nmg/m) (nE) (nE)
(mg/mM) (ng/m) Mab 005 < 0.003 3.727 5.818 0.026 0.067 Mab 019 < 0.003

1. 076 6.958 0.026 0.023 Mab 020 0.002 >3.369 3.369 0.016 ®QiDdiation3b
0.0009 0.146 6.46 0.029 0.062 Mab 086 0.001 1 0.266 8. 84 0.4 %Enpatmg l\/ab
097 0.0013 1.281 19.87 0.042 0.029_S eC|f| city faor soI a
full-length Tau pS422 BSS5@I so t estF&eS0 mnyyj | | 5&& &5@? gat %gﬁﬂggél
(300my/ M) were coapnak;ﬂmmlafml ys;ilwspha-ythasded Spergatamtmi rcotiter plate
(Nunc) overni ght at tfen | arngg@ fide SO Ul %/r{-,%al | eng@hlB) Tau (kg Tau
pS422 were coated to t %ﬂ(l Sorb mcr ter plate bbit Anti Tau pS422
ant i body control (Abea 071), (ﬁp fied rabblt anti bodi es were added
and i ncubaMed G05r 66 0803 i n concehtn"étl ons up $814000 nglH26 Af ¢ &:067
intensive wablo199, kieodsi nding of 1.0 rabbit a6ObBodi es WdR6det e @3 usi ng

a sheep an .a'b O?Zlabl t lodfgpdi goxi ge’\é%@;onj ugat edzdgbect i on gagylgl bodyy g1@hem con

AQB01D). A er i_ncubat wth T roomte rature a banc 370 nm
- 492 nmw%a R2sur ed: do%ﬁe anti bo )]/'i%l ndi ng wa éhar acter é)d by I'ts EC50
val ues. ReMdbtG86are SHWAA in Tabl @266 Tabl e 6: 8#84bbit ECHP¥Pau pUE¥ EC50

Tau protei G fi broddiary Mab pregein (ng/ m )}ogrg/ m) '[Hm2p8422).029

Specificity for soluble and aggregated full-length Tau pS422 was also tested.
Fibrillary aggregates of Tau pS422 (300pg/ml) were coated to a Polystyrene based

5 MaxiSorb mircotiter plate (Nunc) overnight at RT. In similar manner, soluble full-
length Tau and Tau pS422 were coated to the MaxiSorb microtiter plate. Rabbit

Anti Tau pS422 antibody control (Abcam AB51071), or purified rabbit antibodies

were added and incubated for 60 min in concentrations up to 1000 ng/ml. After
intensive washing, the binding of the rabbit antibodies was detected using a sheep

10 anti-rabbit IgG digoxigenin conjugated detection antibody (Chemicon AQ301D).
After incubation with TMB at room temperature absorbance at 370 nm - 492 nm

was measured. The antibody binding was characterized by its EC50 values. Results

are shown in Table 6.
Table 6:

Rabbit EC50 Tau pS422 EC50 Tau protein EC50 fibrillary

Mab protein (ng/ml) (ng/ml) Tau pS422
(ng/ml)

Mab 005 0.00034 no binding 0.00755

Mab 019 0.00038 no binding 0.00059

Mab 020 0.00036 no binding 0.00042

Mab 085 0.00025 no binding 0.00074

Mab 086 0.00023 no binding 0.00048

Mab 097 0.00040 no binding 0.01358

15



(my/m ) Mab 005 0.00034 no binding 0.00755 Mab 019 0. 00038 no bi ndi ng

0. 00059 Mab 020 0. 00036 no bi nding 0.00042 Mab 085 0. 00025 no bi ndi ng

0. 00074 MWD 20861424200023 no bi ndi ng 0. 00048 Mab 097 0. 00@¢U/ERR010I0NIBTIQ

0. 01358Rabbit nonocl onal anti bodi es bound to Tau-pS422 protein with EC50
values below 1 ng/m . Fibrillary Tau pS422 was detected with EC50 val ues
ranging fromO0.4 ng/m to 14 ng/m. Signals for binding to

non- phosphoryl ated full-lengths Tau protein were indistinguishable from

background IRebbitsmorduteredl cmgibbdiesvdmueadt onftedS42atpratamhwoth EQS0avalidsodi es

et il e . nEhet
T00-Tol d comslvoh negi by pRLESIZY WaFdeecl iR EBRb bahiey Hnidl] i 09!
aggr egat es Wabng/mltthdrt righnb Signpds & tawiingwﬂpfﬂ'ﬁgﬁﬁpmfy@t%@lb(@ﬁhsaw ysis.

Measur enent I ed: 1S . ' s
system and g)ééfrri%{ngw ih @SRRI S RYrd N DaBl A L1308 OThdrefor I TRAs citimdtdd The

uffer was_HBS-EP (10 m\J HEPE 0 3.4 mv
EDTA, 9. 005%h@diagh of $ht antepdics indy to Tau msﬂég rag?tf.’lhnj%% ﬂg%&%ﬂmtg Anas
subj ect ed t QeRctViBCOMNA1daOTOMDIPEGELEEE € THequentially 0.1 % SDS, 50 mM
NaOH, 10 nM HC and 100 nM H3PO4 were injected for 30 sec over the flow

cells FO, F% cFCSN@nd FC4. The am ne coupling procedure was done
accordi ng t PYHIRUEnuf act urers instructions usi ng the Bl Acore 3000(tm
wi zard v. 4.BindiAgtte fibaHafyDTuNyERI22ciggveatos wasffurther igeestigated gnd geefirmed

cn)(r)ln- phosphosgl g4t ic}ﬂFeTﬂ%lgryE%gW&Eﬁ@%%ﬂts%e%%ﬁ%&/u%gItﬁgﬁm%ofém l'i zed
sensor flowcells FCZ, and FCA4. As a control . _an antib I nst
CK- MMLQ cr eatinsiemant gt 379Cs Jihgsaytemyandogripls hefferv ?Srlflgﬁépx})aalto @Nfgéé%%ams
captured on jtsaenFNaCIB mMEDHAL (B803%9 BoRRErbatee2 (v V)b AyB Budireémt CHIS MM
were diluted at 30 nmo/m _in 10 mM NaAq.pH.5.0 an re injected 0
m /min for OB CBigmacublechd g v oSohet motei g O v BRdy
E?ﬁ;ﬁ(r): Q?n ﬁm@?m}N—SEOH,g?rrﬁRbHOh@ﬁd ?_GavaHﬁPéu \b@tﬂﬁ@i‘@dﬁ@ﬁﬁﬂ yect dvet Khe
Fi1 ament ous TR EPETEn Hp o 0d HE - FhermnE ¥6ignbiolefESPPIlert o
anal yi# i n sstortlingntoathe I0anvfierimarsf imstractiang usfggibe &3 ldtcoen 390 pwizpet Med wi t h
10 mM G yci ng PR fer InADEANITS /alti Pat{d of3thBsBnsot sutfdced a SionBshospHitatlective
anti-Tau antibody mAb <TAU>M-4/53-IgG was immobilized on sensor flow cells
FC2, FC3 and FC4. As a control, an antibody against CK-MM (creatine kinase
isotype), recognizing an irrelevant antigen, was captured on the FCl. mAb
20 <TAU>M-4/53-1gG and the antibody against CK-MM were diluted at 30 pg/ml in
10 mM NaAc pH 5.0 and were injected at 10 pl/min for 7 min contact time to
immobilize 10.000 RU of the antibody capturing system. The surface was
deactivated by saturation with 1M Ethanolamine. The sensor was conditioned by 5
cycles with phosphorylated filamentous Tau protein (stock 0.3 mg/ml diluted
25 1:100 in HBS-EP) as analyte in solution at 10 pl/min for 2 min. Regeneration was
performed with 10 mM Glycine pH 2.5 at 30 pl/min for 3 min. It is assumed, that
the analyte binding to mAb 4/53 does not dissociate the pTau filaments, because
no dissociation of pTau filaments from the mAb 4/53 could be observed. For all
further measurement cycles, 0.3 mg/ml pTau filaments were diluted 1:100 in HBS-
30 EP buffer and were injected at 10 pl/min for 1 min in order to present pTau to the
respective antibody analytes in a heterogeneous sandwich-mode.The antibody
analytes were diluted in HBS-EP buffer to a concentration of 100 nM and were
injected into the system at 20 pl/min for 3 min. After 3 min of dissociation the
sensor surface was regenerated by 2 injections of a 10 mM Glycine pH 2.5 for 1
35 min at 100 pl/min followed by a HBS-wash for 15 sec at 100 ul/min. The

association and dissociation phase of the interactions were monitored. Since the



the anal yte binding to mAb 4/53 does not dissociate the pTau fil anents,
because no dissociation of pTau filanments fromthe mAb 4/53 coul d be
observed.wBap1oal4428ur t her nmeasurenment cycles, 0.3 ng/ n PETAR2010/0678Nt S wer e
diluted 1:100 in HBSEP buffer and were injected at 10 mM/mn for 1 mn in
order to present pTau to the respectiveq@nti body anal ytes in a

het er ogeneous sandw ch- node. The anti body anal ytes were diluted in HBS- EP
buffer to a concentration of 100 nMand were injected into the systemat 20
m/mn for fﬁnﬁ’i)dsﬂy Ahdlgte i sdlotiof isdibbedaitatheonvidity-bustened antibédycepTab
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ssoclation fit no ordln to th ia ore aluatlon
sof t war e v ntigentartibody |°Q@1?ﬂed‘n%tfll?}§§y &%‘F é‘? V4l 93 € tﬁ(gF“Fcto %”E (“?n\{
cal cul ated apaRudiImg)Eo*kdie fornula In(2)/60*kd. Results are summari zed | n
Table 7. Table 7: early (105) | ate (50%) Clone kd (1/s) t/2diss kd (1/s)
t/ 2di ss (mgi%égl@)? Vab 005 ég‘g 3 5.3 3.12x10 3 4 Mab 019 1.43E-02 0.8
6.17X10 4 1  bgimmaetd i 1 1000 0 & 4758 Wab 088 n.d. 1 d. 660 X0
4 18 Mab 086 1.62E-03 7.2 3.68 Xl 04 32

15 Table 7:
early (10s) late (50s)
Clone kd (1/s) t/2diss kd (1/s) t/2diss
(min) (min)
Mab 005 2.19E-03 53 3.12x10° 4
Mab 019 1.43E-02 0.8 6.17x10™ 19
Mab 020 3.28E-03 35 4.08 x10™ 28
Mab 085  n.d. n.d. 6.60 x10™ 18
Mab 086 1.62E-03 7.2 3.68 x10™ 32
Mab 097 n.d. n.d. n.d. n.d.
Example 12

Binding of anti-Tau pS422 monoclonal rabbit antibodies to intracellular pTau

in brain sections of Alzheimer’s Disease patients

20 The specific and sensitive immunohistochemical detection of pTau pathology in
Alzheimer’s disease brain tissue by monoclonal rabbit anti-Tau pS422 antibodies
was investigated by immunofluorescence staining experiments using cryosections
of human brain tissue from AD patients. The procedure was basically the same as
described in example X (murine antibodies). Rabbit IgGs were detected by goat

25 anti  rabbit Alexa  Fluor488®  conjugated  secondary  antibodies
(Invitrogen/MolecularProbes A11034). Specific and sensitive staining of pTau



Mab 097 n.d. n.d. n.d. n.d. Exanple 12 Binding of anti-Tau pS422 nonocl onal
rabbit antibodies to intracellular pTau in brain sections of Al zheiner's

D sease paiDi2erw24Be specific and sensitive inmunohi st o®k&mPeaE/ogEBect i on
of pTau pathology in Al zheiner's disease brain tissue by nonocl onal rabbit
anti-Tau pS422 anti bodi es was investi gaded by i munofl| uorescence staining
experinments using cryosections of human brain tissue fromAD patients. The
procedure was basically the same as described in exanple X (nurine

ant i bodi es) .defraditoiahd filgEsenteisevitiezne fir etbniey Mpba05aMab (12 ab 0R0eveb 085,

Fl uor 488(r) nj C a i i it nage : es Al
1034). Specil\?{l}oc Ogﬁgﬁn?gr%% 992 S ‘é‘?g'?‘ﬂg‘og? g%‘l%hﬁ%%bs@%s%%%h?ﬁé zlgi%gﬁtﬁlgbl S

evi dent for taighsesnd/atongted mebrapilo thriads, Gpo, nogeatdes A weBimge cHREYWab 097.

Intracel | ul g, QFaUHGERASIES betwek 0108738 0NEI6 (0F/inlp iniak ateyminad Gbresl] élbdes
el ongat ed neuro hreads, are notj ceabl .n&inl mal effective

ot e.
concentrati dlithsgg&jﬁ%gwb wediratss o shlygsensive e Qa8 WS PHPABR LT al |
cl ones i nvesgkpsed, which indicates highly sensitive binding to genuine
human pTau deposits.Patent Clains 1. An antibody binding to Tau,
phosphoryl ated at serine 422 (Tau pS422), characterized in specifically
bi ndi ng to phosphorylated Tau fragnent of SEQ ID NGO 9 and to Tau pS422, but
not binding to Tau and to phosphoryl ated MCAK fragnent of SEQ ID NGO 17,
for use in the treatnent of a Tauopathy. 2. An anti body for use accoding to
claim1l1, characterized in that said antibody is of human 1gd or g4
subtype. 3. Use of an antibody binding to Tau, phosphoryl ated at serine 422
(Tau pS422), characterized in specifically binding to phosphorylated Tau
fragnent of SEQ ID NO 9 and to Tau pS422, but not binding to Tau and to
phosphoryt ated MCAK fragnment of SEQ ID NO 17, for the manufacture of a
medi canent for the treatnent of a Tauopathy. 4. Use accoding to claim3,
characterized in that said antibody is of human 1gd or Ig&4 subtype. 5. An
anti body binding to Tau, phosphorylated at serine 422 (Tau pS422),
characterized by conprising a) CORIH of SEQ ID NO 6, CDR2H of SEQ I D NO 7,
and CDR3H of



SEQ ID NO 8, b) CDORIH of SEQ ID NO 23, CDR2H of SEQ I D NO 24, and CDR3H of
SEQ ID NO 25, c) CDRIH of SEQ ID NO 31, CDR2H of SEQ ID NO 32, and CDR3H of
SEQ | D NOve201udi242BRI H of SEQ | D NO 39, CDR2H of SEQ | DPRODEPR)10403TDR3H of
SEQ ID NO 41, e) CDRI H of SEQ ID NO 47, CDR2H of SEQ I D NO 48, and CDR3H
of SEQ 1D NGO 49, f) CDRIH of SEQ ID NG %, CDR2H of SEQ I D NO 56, and CDR3H
of SEQ ID NO 57, or g0 CORIH of SEQ ID NO 63, CDR2H of SEQ I D NO 64, and
CDR3H of SEQ ID NO 65.6. An antibody according to claim5, characterized by
conprising a) CDR H of SEQ I D NG 6, P@ereElamsSEQ | D NO 7, CDR3H of SEQ I D
NO 8 and CDRIL of SEQ ID NGO 3, CDR2L of SEQ I D NG 4, CDR3LofSEQIDNO5

b) CDR H of SEQ | NO 25,

ohd ORI L of - Sed sy, bR, 1A= Sphitolok e AR ol ofTad Eg )

CDR H of SEQ | D cha@agterizebmosrearficabobingingsoposphoaylaisfiaudy agg}f@ P

«’ag% EDS:( LSEfQ |S[E)Q1N)IO o) a%%:t\’% @QB%JSQ& mdtnzh@ngao TEOR31d ©f p rﬁgmlirgm 37 d)
NO. 41,

and CDRI L of SEM P@W@@eméﬁgﬂ? E%‘Jégbl}l&ﬁ‘ 1&396 “‘b‘?f"ég’% PENO 45 e)

CDR H of SEQ ID NO 47, CDR2H of SEQ I D NO 48, and CDR3H of SEQ I D NO 49,

and CDR L of2. SEQu Butiad5 Hfor GRR&IcodingSEQldif N@hsacteBPRBin that stdantbody 53, f)

CDRI H of SEQ I D NG 56, and CDR3H of SEQ I D NO 57,
and CDRI L of SE&PBE‘ME?‘%@IBB%E\%E%Q"@& I D NO 60, CDR3L of SEQ ID NO 61, or
g) CDR H of SEQ I D NO 63, CDR2H of SEQ I D NO 64, and CDR3H o
3. Useofan antlbody binding to Tau, phosphorylated at serine 422 (Tau pS422),
characterized in specifically binding to phosphorylated Tau fragment of SEQ
10 ID NO:9 and to Tau pS422, but not binding to Tau and to phosphorylated
MCAK fragment of SEQ ID NO:17, for the manufacture of a medicament for

the treatment of a Tauopathy.

4.  Use accoding to claim 3, characterized in that said antibody is of human IgG1

or IgG4 subtype.

15 5.  An antibody binding to Tau, phosphorylated at serine 422 (Tau pS422),

characterized by comprising

a) CDRIH of SEQ ID NO:6, CDR2H of SEQ ID NO:7, and CDR3H of
SEQ ID NO:8,
b) CDRIH of SEQ ID NO:23, CDR2H of SEQ ID NO:24, and CDR3H of
20 SEQ ID NO:25,
¢) CDRIH of SEQ ID NO:31, CDR2H of SEQ ID NO:32, and CDR3H of
SEQ ID NO:33,
d) CDRIH of SEQ ID NO:39, CDR2H of SEQ ID NO:40, and CDR3H of
SEQ ID NO:41,
25 ¢) CDRIH of SEQ ID NO:47, CDR2H of SEQ ID NO:48, and CDR3H of
SEQ ID NO:49,
f)  CDRIH of SEQ ID NO:55, CDR2H of SEQ ID NO:56, and CDR3H of
SEQ ID NO:57, or
g) CDRIH of SEQ ID NO:63, CDR2H of SEQ ID NO:64, and CDR3H of
30 SEQ ID NO:65.



SEQ I D NO 65, and and CDRI L of SEQ ID NO 67, CDR2L of SEQ ID NO 68, CDR3L
of SEQ ID NO69. 7. An antibody according to claim6, characterized in
conpri si nyoaplea4easi abl e 1ight chain of SEQ ID NGO 1 an@Ca/Brasioambi4a’ heavy
chain of SEQ ID NO 2, b) a variable light chain of SEQID NO 26 and a

vari abl e heavy chain of SEQ ID NO 22, cj9a variable light chain of SEQ ID
NG 34 and a vari able heavy chain of SEQ ID NO 30, d) a variable light chain
of SEQ ID NO 42 and a variable heavy chain of SEQID NO 38, e) a variable
light chaineof SEQuitBolPabédraing tachan iSathapadterivey bylvaimprisingSEQ | D NO: 46, f )
a variable light chain of SEQ ID NO 58 and a variabl e heavy chain of SEQ ID

NG 54, or g) a vari i i f i
chain of SEQ | DR &3 RET ASEG IR cRIM B SECEHD RO CpRarehr Seceavy
characterized i n beilRgNéX8 rode®DRIE ¢fo$EQg@1‘£(gil§t FRR2Ig of SEQ IR NQs4,
hurranid_zed ?r Tl-c_ell Cgpkggggsg effsanti body variant of an antibody
according to clains to 8. .. Use of a ti i 9 f
the mehufacture f £PBHICARER H?CT)‘?O?%ecﬁﬁggtééﬁddéﬁﬁ8%ghggﬁ{:ﬁ§§}g§f Usgr
ng?gngg tgtcl ai mlﬂztcsE@mﬁrN@tzzas,iaz;_actlbmma“tsmim mtihmdymzs offSEQrBn | gd
subt ype. A e sition, characterized i
conprising an antib zgcgbﬁ‘ﬁ‘h%g%%&bpg\f@% to 9. 13. Use :):‘Z:n :azti body
according to cl a)nms CDROHDIISHQ IDNOAhEBRRH of $HQ dDpHar3RnemlCDRIH of
composi tion. 14, Use0f 13nnid haddcBRILIGH iy D RAAATCBROR & diy 1phe

treatment a Tauopathy Se fromt %ﬁ?r oup~consi sti'ng of Al zherner:
di sea$@ (AD), incl udv@g6t: ePRA-IHEQIBNYGE. t he di sease, Down syndrone,

gf'g'kt dlcgzg:)e Gugm RAHK I ASHYEGNIS NG GDRFPH ESEQ P 402aiRlGDR3H oL a,
’ SEQ ID NO:41, and CDRIL of SEQ ID NO:43, CDR2L of SEQ ID
NO:44, CDR3L of SEQ ID NO:45,
e) CDR1H of SEQ ID NO:47, CDR2H of SEQ ID NO:48, and CDR3H of
15 SEQ ID NO:49, and CDRI1L of SEQ ID NO:51, CDR2L of SEQ ID
NO:52, CDR3L of SEQ ID NO:53,
) CDRI1H of SEQ ID NO:55, CDR2H of SEQ ID NO:56, and CDR3H of
SEQ ID NO:57, and CDRIL of SEQ ID NO:59, CDR2L of SEQ ID
NO:60, CDR3L of SEQ ID NO:61, or
20 g) CDRIH of SEQ ID NO:63, CDR2H of SEQ ID NO:64, and CDR3H of
SEQ ID NO:65, and and CDRI1L of SEQ ID NO:67, CDR2L of SEQ
ID NO:68, CDR3L of SEQ ID NO:69.

7. An antibody according to claim 6, characterized in comprising

25 a)  a variable light chain of SEQ ID NO:1 and a variable heavy chain of
SEQ ID NO:2,
b)  a variable light chain of SEQ ID NO:26 and a variable heavy chain of
SEQ ID NO:22,
¢) a variable light chain of SEQ ID NO:34 and a variable heavy chain of
30 SEQ ID NO:30,
d) a variable light chain of SEQ ID NO:42 and a variable heavy chain of
SEQ ID NO:38,

€) a variable light chain of SEQ ID NO:50 and a variable heavy chain of
SEQ ID NO:46,



Denentia with argyrophilic grains, Fronto-tenporal denentia, Cortico-basal
degeneration, Pallido-ponto-nigral degeneration, Progressive supranuclear
pal sy, arWoerogmeaan- St raussl er- Schei nker di sease w t h PamgiPes10/00837 Met hod
for the manufacture of a pharmaceutical conposition, characterized in
conprising an anti body according to clapds 5 to 9. 16. Nucleic acid,
characterized in encoding a heavy chain variable domain and/or a |ight
chain variabl e domain of an anti body according to claims 5 to 9. 17. Mt hod
for the productifpn afvasiabledighbichaintoffRERADNOBSrandi & eatiabin hesyaychacdf di ng
toclains 5to0 9, c q"‘ﬁﬁ?\fd%@ DY expressing a nucleic acidaccording to
claim 16 in a prokaryotic or €ukaryotic host cell and recovering sai
antibody from sa®d @evariable light chainjof RHQ dPNQR9eA i ¥atiable heav Bd°% or the
treatnment of a pati &g gyiN@edng froma Tauopathy, especially from AD,
characterized by adm nistering to the patient an anti body according to
claimsd5 to 9. 19. Use of an antibody, characterized in specifically

bi ndi ng to tghe saimantidyofofifing @l .clginesp o 7y chirecierdtedsar beiag 42 hunaa an
ant i body, conpri.sj variable light chain of SEQID NO 1 and a vari abl e
heavy chai n of éﬁ%rl]‘?rdag%s?',b?ylgfhds, for the manufacture of a medi canent for
the treatnment of a Tauopathy. 20. Use according to claim19, characterized
in that the %ntidetimérc, dfumapiedoor Tl epitopy plepleed) antibpdyny gyl an

characterized i I {dcERlih Y ioindis Pt the same epitope of Tau,
phosphoryl at ed ;ﬁpﬁg(gﬁ ng 45221 as ar? ar?ti body, conprising a variable |ight

chain of SEQID NG 1 and a variabl e heavy chain of | D NO. 2,.. binds, for
use i M0t he tiOeatasf agrantibedy,aerrdips t@%.%&ni%éﬁ'%fi b8 a%;e ?tﬁlag)nﬁgga%ffgr di ng
to claim 20, chabpgicercathtsht ofatlaadpdiiye anti body is of 1g@ or g&4 subtype.
23. A pharmaceutical conposition conprising a therapeutically effective

anount of an .anti bod i ndi.ng..to,da gﬁg Vi ts%i?d aSer ﬁg%m(Tau
pS422), whic 'Splés(ﬁ ?%82?&3%&%&316’0&}%%5% o??ﬁatb% agﬁtﬁ@ nlgﬁqt 0 S?EQ I D
NO 9 and to Tau Ig6422 lgGésuldpes not bind to Tau and to phosphoryl ated MCAK
fragnent of SEQ ID NO 17 and a pharmaceutically acceptable carrier.

12. A pharmaceutical composition, characterized in comprising an antibody

15 according to claims 5 to 9.

13. Use of an antibody according to claims 5 to 9 for the manufacture of a

pharmaceutical composition.

14. Use of an antibody according to claims 5 to 9 for the treatment a Tauopathy

selected from the group consisting of Alzheimer disease (AD), including

20 tangle-only form of the disease, Down syndrome, adult cases), Guam
parkinsonism dementia complex, Dementia pugilistica, Pick disease,

Dementia with argyrophilic grains, Fronto-temporal dementia, Cortico-basal

degeneration, Pallido-ponto-nigral degeneration, Progressive supranuclear

palsy, and Gerstmann—Straussler—Scheinker disease with tangles.

25 15. Method for the manufacture of a pharmaceutical composition, characterized

in comprising an antibody according to claims 5 to 9.

16. Nucleic acid, characterized in encoding a heavy chain variable domain and/or

a light chain variable domain of an antibody according to claims 5 to 9.

17. Method for the production of a recombinant human or humanized antibody

30 according to claims 5 to 9, characterized by expressing a nucleic acid
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18.

19.

20.

21.

22.

23.

-51-

according to claim 16 in a prokaryotic or eukaryotic host cell and recovering

said antibody from said cell or the cell culture supernatant.

Method for the treatment of a patient suffering from a Tauopathy, especially
from AD, characterized by administering to the patient an antibody according

to claims 5to0 9.

Use of an antibody, characterized in specifically binding to the same epitope
of Tau, phosphorylated at serine 422, as an antibody, comprising a variable
light chain of SEQ ID NO:1 and a variable heavy chain of SEQ ID NO:2,

binds, for the manufacture of a medicament for the treatment of a Tauopathy.

Use according to claim 19, characterized in that the antibody is of IgGl1 or
IgG4 subtype.

An antibody, characterized in specifically binding to the same epitope of Tau,
phosphorylated at serine 422, as an antibody,comprising a variable light
chain of SEQ ID NO:1 and a variable heavy chain of SEQ ID NO:2, binds,

for use in the treatment of a Tauopathy.

An antibody for the use according to claim 20, characterized in that the

antibody is of IgG1 or IgG4 subtype.

A pharmaceutical composition comprising a therapeutically effective amount
of an antibody binding to Tau, phosphorylated at serine 422 (Tau pS422),
which specifically binds to phosphorylated Tau fragment of SEQ ID NO:9
and to Tau pS422, but does not bind to Tau and to phosphorylated MCAK
fragment of SEQ ID NO:17 and a pharmaceutically acceptable carrier.



