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TARGETI NG ANTI BODI ES CROSS REFERENCE TO RELATED

WRRBZMLGATI ON Thi s non-provi sional application BCHUSH07/070587

the benefit of U S. Provisional 5 application

60/ 811,618, filed June 7, 2006, which is incorporated
herein by reference in its entirety for all purposes.
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fromthe National Institutes of Health 10 NS05264

The Governnent of the United States may have certain
rights in this invention. FIELD OF THE | NVENTI ON Thi s
i nvention reCRIOSS REFERENCY TOORBIDATED i res ICATRAONI Zi ng
endothelial cell surface receptors and nethods of

i dentifying such anti bodi es. 15 BACKGROUND OF THE

| NVENTTM ndi-psotvivimial apptiedtioh icﬁﬁn:f BE bbiedik Bf @18 Provisional

neur.ol 0qgi i.seas are lLy. limted due to
RO A RS Rt B S Wbl berrioyShenc i
rm§ént&etps&aquﬁ§p(ﬁ@g ried in the bl ood stream The

bl ood vessel s of the brain, referred to collectively
as the bl oad- brain barrrerp& are uni que when

conpar ed t o tHEEMENIREGARR LA ¥ RRONSPRERer y

of 20 t he body. Ti %E\fiEé\]b@Hs’iND(ﬂE\bELWEeﬂdot hel i al

cells ﬁ to neural cells |ike astrocytes, pericytes

and nelPISHETH WAL LIBROTISH AR BATY BY & 2raabirem dhe Naftonal Institutes of Health

CRSD52d29t €hé GolQBmERTRiNEQThitel TRRLS %h%ggz%ham 1&“& in this

junctions between ECs conprising th
pHVEREM ul ar transport, while the |lack of pinocytotic
vesi cles and fenestrae limt non-specific

transcel l ul ar transpefg;. qﬁﬁ?ﬁ@g onbine to
restrict nol ecul ar fFuxI%§gn1t e ?@g <$o 25 the brain
to those nol ecules that are | ess than 500 daltons and

al so |1 Tive pwplhtiiqn rel'ﬁh:SI generélly\t@aﬂtﬂibﬂfeiﬂe’.ﬁéﬁlizing endothelial cell surface

ng thj%gQ(nng.t ? S of1d ffﬂgg %‘chﬁ:“&r Goass 1r ansf e

ace area (over 'F¥iles of capillaries
|n human brain) of the bl oodstream as a delivery
vehi cl e is | ar gel BACKGREHTND O FERKEE pNVENTIONS e
ci rcunst ances where a drug with the desired

S 2e ara PRLE ARt Rr R b O ST e S e

f deetbyhd 1hrpengdabﬂ1|n>eoﬁ1hebﬂm s blood vessels to most substances carried in the
blood stream. The blood vessels of the brain, referred to collectively as the blood-brain
barrier (BBB), are unique when compared to the blood vessels found in the periphery of
the body. Tight apposition of BBB endothelial cells (EC) to neural cells like astrocytes,
pericytes and neurons induces phenotypic features that contribute to the observed
impermeability. Tight junctions between ECs comprising the BBB limit paracellular
transport, while the lack of pinocytotic vesicles and fenestrae limit non-specific
transcellular transport. These factors combine to restrict molecular flux from the blood to

the brain to those molecules that are less than 500 daltons and also lipophilic. Thus,
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5 vessel. Because of such restrictions, it has been
estimated that greater than 98% of all small nolecule

wW@b@rmeoeut i cal s and nearly 100% of the ener gi PGI/TE28%070587

of protein and gene therapeutics do not cross the

BBB. In addition to the physical barrier presented by

the BBB, efflux transporters such as p-glycoprotein

(MDR1) and nenbers of the nulti-drug

I @8 gSth@ RER ASS AahFHradr etk &l Bver 29 ni?aron Yod MR of<8piUSries in
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to the | ack of effective brain delivery strategies.
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can be delivered to the clinic and "require an agent
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aPRkiaRi’ 8digea¥E Rh€ bteske koKtindua tcgﬁnig\ge@mworydvaa@, 1RBBhas been a
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Sk £tR1buiE 1f MRV EARTE 6Rin SHIRON LRESicASDEBML Bk of
protein therapeutics known as néurotfophi ns have been
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sthbjugh the, blewidbrhimrbatrive ias a tipirksetngh poorityr &bt Napi@wl histimed of

o B AP Sipipis 6t S Prerifopbig esippeoroscins can be
PédlivtR8 @ths cHhis @R® Srequift MlA38it deRRly & RARA/BE th¥ Bbility to target
di seases such as Al zheiner's di sease, Huntington's
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Pl BB B @k P AREPHEIGR o BTN MORbPinEs §MANREScotlfinue to be

inadequate for the people suffering from neurological disorders. As examples, protein
therapeutics known as neurotrophins have been investigated recently for their protective
capacity in stroke, reversal of Parkinson’s disease symptoms after direct infusion into the

brains of human subjects, and for their ability to direct specialized differentiation of
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not readily cross the BBB and will require a
noni nvasi ve delivery systemfor w despread, 5

w@bdoga4i7ve adm ni stration. Present brain deli vR€HUS2007/070587

strategies are particularly invasive and require
circunvention of the BBB. Strategies requiring
neurosurgery are used for inplantation of polyner
particles infused with drug, but the treatnent volune
| Seukd] RlehP 11D & pURAtIA MRatnRA1 6ﬁﬁﬂilh§éh%rdlsfeh§é' ad bothebr @i n
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such as, for localized, non-nmetastatic brain tunors

HOWBR P isrupfig ot BiBchas Serf inyestigatedseping ivigrogmolar solutions and
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practical. A variet noni nvasi ve
dasicess enf yolnles huijlmrmaw dadb@e thai are aastmaj]ate&dudidnia’tom bmke use
of the brain bl ood vessel network to gain mﬁdespread

dr ug t The . I.n. capillar
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enough that each brain cell should be accessible to
the drA@arid$ ofndn@Bidbile blafh GEPEARSEy h@hddd\Wadd ¥&n investigated that

make use of the brain blood vessel network to gain widespread drug distribution. The
brain capillary network has an average spacing of just 40 microns between capillaries and

is sufficiently dense that each brain cell essentially has its own vessel for nutrient supply
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nmet hods, a conprehensive treatnment volunme can result.
These noni nvasi ve transport 5 systens/ nechani sns can

wheoogasssinl |y clustered into three groups: 1, PCTI/US2007/070587

non-speci fic uptake; 2, carrier-nmediated transport;
and 3, receptor-nediated transport (FIG 3).

Non- speci fi c uptake nmechani snms, while allow ng sone
transport across the BBB, |ack sensitivity and

S(IRBGI i ah hdﬂltl(ﬁatﬂtﬂé’lérﬁoihéﬂil%hﬂleﬁ bERs 8BS dafibe @%f@érﬁ& such that a
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t hr oughout the body wth concomitant systemc
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p&&@set%(‘g%mq plﬁﬂgﬁﬁmwfegp Add Rati a% leBfan}sBAE the

are selective and Stereospeci ?g‘r sma ecuf
sHIraetant coatimgrofingsepariisées “Lthd@ﬂ»aorba@rﬁOn |15€1theu@dhc oethapsm of

PR UBRRe sfshg' @?@éﬁe@ %&abmag;f% bPmk gsmples*m %ﬁ ds to short-

utilizing e amno aci d trans
Theedphemessibgic effb%tﬂ SWQSSIbhrBj}Ji;pertdeablhimltlom dBbthaif these non-

barr.i.er i.s opa.m m cking t struture
oPeBHE Rt SR i ot SRR Sisied Perron To v
hyistributydn GTRLRS YO EohpRind BR6EbE thd By Qfit APy hRdn B sRhic
25 Utilization of the saturable biotin transport

Bm for delivery of bi otlnyl ated drugs has also
been attenpted. In addition, it is likely that the

ef f | uxCaier Medinkdrud ttdBspda FelidR oA WSt ERAcd dF eﬁdogenous
carrier-nedi ated fashi on. However, due to

stapBeRBEas Progimsthaiee splastiyeandestmeasperifin for srnﬁbmebcwy solutes.
t Cc . d15 |
pg(tﬁzﬁsttzlﬁglk Iqilhél?él i {e?éjletv\%gétg%% %g? ﬁs%ﬁeoggi%S %nt?y to the brain by

PaTZig2DO Rt @mwam@&mpbm-(hﬁm 1at &ble l;lrcadfssfﬁlbtrﬁnsport through the
[ an exof.aci p
s@}rg&gg@?ﬂr eggertlso? "Shd° g '?[:'dﬁ%aerml?f&k‘% %ﬁﬁgﬁ e é’$ pﬁ?ﬁ‘?’gﬁl@?’\?é"’ ith
t dira}n Qreeblbsltlllttafontof anspRiréxyDEAESE thk Bﬁ)‘ﬁﬁttla&ng bﬂﬁlﬁ:ﬁ}’lﬁﬁﬁin%
(15 ugs can be delivered ({19 t hese Portal
1162(%10 85 § §atura le biotin transport system for delivery of biotinylated drugs has
also been attempted. In addition, it is likely that the efflux of the AIDS drug AZT
progresses in a carrier-mediated fashion. However, due to the stereospecificity and steric

constraints imposed by these selective membrane pores, applications are potentially

limited.
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to the natural ligand or an anti body that can trigger
the transcytosis process. This nethod 5 has been

waeweasyiul in allow ng for non-invasive transpor/usSwh7/070587

smal | nol ecul es, proteins, genes, nanoparticles, and

| i posomes up to 100 nmin size. The receptors that are
comonly targeted for transcytosis are the | ow density

| i poprotein (LDL) receptor, the transferrin receptor,

and t heckptsticdiafe@ ©@MAHOFt invalvEk HRMbiddSSofSR&bfakigl epitope of a cell
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16, [
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t tedherdtyrakligand ovan antibpdyothat aan wiggsr thh atanawtosl@prodessr G bis method
t ndogenqus I| Th fore

t RS R B st PHNE e B PERS T 2 e AR S ins,
aghhied, in@:mpamcre@ eantl ipoaes Op its 1 @NGh aysSzd hlene\taﬁzptékd tﬁﬁt are
traffi klngg tem this strteyls not near|

| T ettar?’és franscpRs %rﬁ %ﬁ%st‘tk’é'ipﬁl;’@te& (LDL receptor the

Cadirfs Felim fEE@iit&t 81l thé aRSIADILeptdrd SHRdr Qg b&%lfﬁrﬁocesses involving
partlcularly wel | suited for targeting BBB

theeptivy mediated traascytopia Aavaess pepd it eefrgnigid mspteins dhat promote
hﬂegé'bt(ﬁfcflds&'rlbg aﬁ(pgctﬁlgﬁcf}f Jﬁtﬁé trréﬁségg(gsmt réhﬁtv&ag: 'esgr%{égl%% of‘\e%tlmes

exanpl es, appropri ately-target
rlerasthie zell exfacaretitod ia Maepthaocpemt dfsruph éhe nionsal Itnanspartcbf

nsferr .n ne rs canat as artifj
BB Lod TRl SuE Bty BBl bbbl hpmars s mica 1
tﬂcﬂlﬂﬁmoflhmaﬁdyﬁ&& cnipoyBSR wnidudeparsictiag sysiing thibQirategy is not
ium VI the 20 trransendot heI ial route.
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ALY P RETYY et BbsBaRe Sarins of tecgpediiggransport
carriers of various size and conposition, the BBB

t ar getAmpodiet bfeqaiteslariy dicHtseitdar fai mrgeﬁthBBQEcdphﬁ mediated

t herapeutic cargo. Noni.nvasi ve transport_of snall

B ERP RSN seh herhieh dRawCandseeciidbrioniar dguns. As
UsdafilesdpprdptiaieBi@racie ah§odRk Hat ?é%grh&déx%ﬁcellﬁfai%ﬁbﬁés of the
such as nerve growth factor, brain derive

nBEH Bt ang PPemriacecsPlorsaal apizes iagtificiab iratsperter sgbs@meh that are
f é}?etcg{/elyvﬁ'ﬁl?spgr%edj&kdsy ﬁfe%ﬁ Qn(f &%og{ea Iuﬂo ﬁfetb%m interstitium via the

i ntravenous adm ni stration usi n
atmnserdotheEdlapytp. nAddlél@@qéb'owhmombxgdtyd tonTegd @tdrey carnivs of various
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in Vivo _usi ng anti - %nsf errin recept or
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brain 30 for restoration of tyrosine oxyﬁase
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{
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ChA8 5150 Eeéﬁ'\&%h{/tggf {0 il &S nqzzrv% %%mg an 1-Pra193¥err1n re%eptor antibodies. In

particular, gene-containing antibody-targeted liposomes have been targeted to rat brain
for restoration of tyrosine hydroxylase activity in an experimental Parkinson’s disease

model and to primate brain using a humanized anti-insulin receptor antibody. In
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I mmunol i posones has been denonstrated to increase
survival of mce inplanted with an experinental human

wWhe@rn4d7unor nodel . Further, anti-transferrin PEDERLOT/O70587

conj ugated nanoparticles have been produced. Finally,
even if an anti body binds to the brain 5

m crovscul ature or internalizes wthout ful

transcytosis, it can have drug delivery benefits.

Vy@ﬁﬂloﬁ%‘rhl'ﬂgj%h&‘éiiy Bpth@ nuv RRSOHERIA iMARIORE ldhnfrs id &%Ql‘ﬁféd

with |1 pophilic smal nol ecul e drugs, it mg

pgyRIneliBosoges hasdheen ﬁ@lqrxswpd RHBrTeasA Sanivebefi rmne tmplmecgwnth an

aBflerfEln @g{ag gg&lﬁﬁaﬁng? bl ﬁlé#xay@?&n@% DS G Rnjugated
biiandpartclesciowe beeni nr¢rbmd tFlaaiB’C ytcosi & aptibedselrinds to the brain
AFBBaF Eiss Bt MG R GRSy S AR R B e
cheaefust Svhed eon’;ﬂghtédie mtlipﬁwmmma?dﬁﬁﬁ;cﬂie lohdedRath lipophilic small

orter .s em and. h to furt optim ze

S P ETHRES (AN RS Db fﬂlﬁeilée ord Bt%rBa?fEWIS’?@O“ rugand
tRyeER@MveANRSR IR UyStSmd, Wr&@tﬁclflﬁﬁng’%ﬁmﬂﬁk Binhty, G the
of ~anti body-targeted transcyt05|s systems for
n@ﬁmrh}a@ng/@cwrsam opkirangcxsesivneyen intareplizptéonpthgiidentification of
ReBB!

I sarre nlool e RIGTLP Aol hitherdith) R fhtallEe 208 fntit

twg?@pﬁlﬁgofitéag@wpgﬂﬂraﬁﬂtem pethdlp t fuytherrogtimizzraplordies that do

sults.deriv

rggﬁz%orgﬁg & § tra% ?%g}te%fg?@§§m§?§qh (8W¥§FW§ny°f
deumbbd)y tat@tdd&ﬁhﬁyﬂﬁ&&yﬂﬂnd&ir nyghyasie tdffle@mgf delighéhto the brain.
carriers in many formats, it also has sone serious

dr anb hat .need t.o be addressed for general
clini elgag]‘liféég e PIofiHge %P‘é@ ‘i’ftanﬁé?qgj(dﬂ‘?r igted {angpprt in prior studies,
I 6 ek @it Snttday tagink BRiagttitd RBIS spécRNRY @&ﬁt@ﬂlsﬂ)dr{(@fﬁ&gﬁcy
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e&@%&%oh@épt e)?pe}%%el%gnge/eltﬁg’Fo]ilmuel%—g/ng%oogz)/a 1ally gumanlzed and this
could lead to unwanted immunogenic reactions in human patients. Therefore, the

identification of fully human antibodies that specifically recognize brain endothelial
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receptors would vastly inprove the targeting and
efficiency of drug delivery while mnim zing

weraeAag7iects. SUMMARY OF THE | NVENTI ON Thi s | PUBEO$10071070587

provi des anti bodi es that bind endothelial cel
receptors resulting in 5 endocytosis of the receptor
and bound |igands. In one exenplary enbodi nent, the

i nvention conprises an isolated antibody fragment
hmemgrstmlmnplmwh tHe ARINAE ascPéfficitRiytIT dnip RMVer)Rhile
of .SEQ.1 D.NGCs I n anot her enbodi nent, the
|HV@H¥‘W%$$?@$W&eS an isol ated nucleic acid havi ng a

sequence coding for an amino acid as set forth in any

one of SEQ I D NGs. SUMMARIYNOBE Qi INVERNETTON Vver si ons,
the isolated anti body fragnent is 10 a single chain

fragnent. variable (scFv2 fragment. In other preferred
ver si oh&s MmvRRéiongpdes antibadies gt pindendotimlis] cellrresegmroresulting in

aptoeytbas of the aRehisPERILbLSd ﬁ@an&i" e[n%ﬂg Q)Eé?rﬁhér?leﬁl%%llnent the

receptor. In another preferted
i BYeHionEAMpEses ap Fﬁ@hﬁ@c@ﬂb%b’aﬁamnﬂwmgltmammo npdlseqmgce set

afyr@h Eu%pgtﬁ: dFSEERH N s al ?éb A TRGHG én%o%h{ryen?ﬁlée ihVention provides

conpoun IS use transferr
phraisptacd nti¢leialatiy having v eecmema@umdg ﬁﬁfaﬁ&&uﬁ(ﬁ&:l(b&s@@dforth in any

br ai I n anot her e
e?r‘ft;ogr i 5%@1{6 ﬁgﬁ EeFE R/Ié‘rﬂ)mﬁ' ﬁrqf@%vef%%séle’% Hog%@é§@®ﬁrament 18
vesihgle chiil &aghag vitiese @clﬂﬁ)'fﬁéﬁﬁh@ﬁte% bier dﬁ‘rgféﬁg& Oé}sﬁﬁ'se the 1solated

am no  aci nce set fort

ot hibrdy %&gn%h‘zgg’ or ARy othgg ligapg él??qﬁr‘féP &&éed%th?iml Ferll re@r:ptor
and isolated host cell conprising the expression

vect o rIncamthan p’tbﬁég‘ed brabddiba} Belinvestiodi i€ a hdrbhameied icBfiposition
the am no ﬂ) sig]geﬂejnce set forth in any one of SEQ

| RSN g tibqdy fod Rbarmgepvtically actiye cpmpound thayés useful in
hesisfeehd the Haxﬁ@c@ﬂyal QR

anti bodlées gs uch ?yealrc h‘eé;(anp Léf»?d %%%%?fﬁylﬁééd E}Pm barrier (BBB).
cells, i ncl udi ng t he Chi nese hanster ovary cells;

i nsectIn@apther exgamplagy erpbadiment.dheingention aan iseloted gxpression vector

eMBl §SISIAQN ;%Yﬁlh@l%tl&l eﬂmdu‘fgetlhla §mhn%L5I€mks@&ueP£é)§et ano?ﬁngD

corn, rice, "Arabidopsis, and t n ye
ew@ﬁ‘pll . ylnéﬁltﬁf) @mhe@tnentshbe mmerqmﬂmtudm apuriSeksand isolated host cell

RERR 0 A PRSI SO AT LRI i e

r mqu{ltmcnce scifpth ®iang oné al) SEKD SPINQKL DG4 AN shatld BO&ppreciated that
eas (b) panning the anti body

nment., on a
L IPE b 8 b SRl pavatig af fovem B pBSdish e fot ckereple fungi,
CiahinthaBan defl}, 1hé1@dlﬁ%fh¥|0]ﬂle§|é %ﬁs@é{'%@ary%@M E}QQ?{ cglﬁsagﬁé“fg‘r

that specifi ‘cal | i nd brain endot héli al
r ECEplop Sacufayyrup ﬁ@%‘?sﬁﬁoﬁ §YHeM; plan celtsesich @ |fed exampledcorn, rice,

CoRibRBpfiPand iR 1AAL 1 body fragnent identified in step
(c) in an 7 WO 2007/ 143711 PCT/ US2007/ 070587

In yet another exemplary embodiment, the invention comprises a process for
expressing an antibody fragment capable of binding to a brain endothelial cell receptor
comprising: (a) displaying an antibody fragment on a yeast cell; (b) panning the antibody
displaying yeast cell against a brain endothelial cell culture; (c) identifying displayed
antibody fragments that specifically bind brain endothelial cell receptors; (d) inserting an

isolated nucleic acid coding for the antibody fragment identified in step (c) in an
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30

expression vector; and (e) transform ng a host cel
Wi th the expression vector. In sone versions of this

wepdwodiatent, the host cell is selected from t heCHUS29P7/070587

consi sting of. yeast, bacteria, and conbi nations

thereof. In sone preferred enbodi nents the host cel

is Saccharonyces cerevisiae or E. coli. 5 In another
exenpl ary enbodi nent, the invention is a nmethod of

| ehidskibil W%o@anmnzﬁ&smﬁfgmq{ds@ell%{ﬂ thé E’ﬁﬁésgl'oﬁ vector. In some
antibody. This embodi nent i ncl udes displayi ng anti bod

f Yf‘é@%ﬁﬂféhlé ampodjmgats the &pst celjisfsaleeted Famthmigronm eons1stmg of: yeast,
dbRRlrRYS- c@ﬁﬁ)hﬁggﬁé tﬂ&@éfn% tpﬁr@feﬂed &Hg&ﬁﬁgté e hgﬁchII is
culture, isolating specifi |nders to
r@%ébﬂ@m%“@ﬁ@?W@abpaEnvhendotheI|aI cell, and

i denti ther.eb d
an end e hafel Ay BRE bRl RE Ryl BRGEhelRE BE g e o
pbrainemdetticlarbdbspeeific antiHmdy eﬁmsbimbbdmienmﬁ&lhdss ldlisblalythglaﬁtlbody

ovided in a ce Ip still t her
IR Do e rantRoondNien erbived puprrs e mbeod
Oéndothéﬁzﬂtcblﬂ Yilfige, @d0teinb @{)écﬁtc Hiﬁclelrs to @R Rband #0&516:98h B brain
inor related to endocytosis and transcytosis

?ﬂﬁiﬁﬂlﬁgﬁ‘ 5611 ap identfying the wptfngrbermie@n@mehmdeamfymm endothelial
a

P e AT AR U B B Clfare i

|@@V€W¥ﬁgﬂwﬁﬁm¥@@d?‘bound endot hel i al cells; and

|dent| e

%8 SRR SR e DRYEn g oo
| ienetifging ehddthdligl celliaddptoes funétichitigi ib olielated to\@ddtytosis and
strategi.es that utlllzed Il studied systens such as

t FRISCYPSIHCOMRRTISING. RiRYiding < Auftured gadoshelial Gell apmofaypragd panning a
nessal digReRe taf?t'ib‘oﬂ? qjibﬁﬁ'yeéjgahfs@t'ﬂ@ BRdotheRY ISR 'Hforxrfgﬁaggxo isd Hhﬁf

difficult alven hat these ands are ne
prbibadnlounh sedataliel gedls; ang lcts:etl iiegethe pognatd.reckptoref or e,

the i ny&ni Qﬁrﬁam%@oﬂ@svtﬁgtqgrg?t EﬁBﬁ oft @{/S@%ﬁg dl%ees uﬂmense utility.

nmet hodol ogy to identif

t Helikegheprtbgdy @ﬁwrymtrategtey thof utBBBd bich diudgd syrsh@ns quohvesr the

0 onconiLt ant se

ol R G e O BOERTL A0 P S Pl ystoms s

smrilfeaii:féicule gﬂm thiat t@le@dgpﬁdsrafmémbﬁaﬁﬂpm&ﬁﬁsl tRdt haySye® i be

%ﬁgqﬁ Z%P to the origjin of ejther
‘Sﬁ‘b iént erﬁ ‘B‘éeﬁ’i“lff avg elepedja noy th%lrm%th%dology to

seb@dfy ifaly imasuahbaidsinaeds e r &ﬂ dirRBoR:0ity ¥BBB binding. The

Anot her aspect  of t present invention is

t .
: ﬂy\}?eg algﬁubs thmémlF it tgagg C&F}été][ltsselgfthnﬁg potsptial grygrdglijery vector and

bigs ¢dg@ite cElBSurfabiedéptdn (rdcBpt8Cnsdihid@ barfieiy S/ twith 6 prior
nol ecul ar machinery for ‘internalization (endocytosis)

o t¢deh 8t i the pegin af eibhierirarppapents FEGpt depinit a peneahsdhome for the
'§eléﬁo@bfs%eﬁ§rﬁbtoele adUfdidfd ¢ s%eslﬁfefﬁﬁnt' gen having a

mol ecul ar MEIg of appr |nate

Another aspect of the present invention is in regard to antibody targets at the
blood brain barrier, particularly, targets that represent the molecular machinery for
internalization (endocytosis) and transcytosis. Accordingly, the present invention is

directed to a purified scFvA antigen having a molecular weight of approximately 124
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WD 2007/ 143711 PCT/ US2007/ 070587 kDa when
I mrunopr eci pi tated by human scFvA under non-reducing

w@ondiigi7ons. The inventors identified and denmetCBUSHDE0587

this antigen is expressed in intact brain capillaries.
Accordingly, the invention further enconpasses an

anti body- bl ood brain barrier transporter system Such
a systemincludes: (a) an antigen having a nol ecul ar

WeDg wthewn fmmbnappgeipitictdy dliviad 84 v RmdwheR-reducing conditions. The

I mu o$r.§0|t.pl %at(g(?mb hu%rixﬁt . SCEVA under non-reducing
BB PROfeeh S e rielibis dSu it FRamFhesin imjictibRin capilarcs
capi | | atdoedinglgnile (ntRdnFikihcr RGbnRabse® AN ibBAHORod Bral Warrier

ScFVA anti%en. The purified antibody has the am no
alPyPed sunien Suth F ypiem inglpdesne) on entigen 8E@ng D@ ular weight of

135 rodR) f 1 he L; ' v Vi the . .
oo TR ST AL O BB KU e
c eendations ahbadigem enpsessechie iptast ibfdie capiiiatief @dy (b) butisied antibody

pr.ovi.ded in.conhi nation w a.pharmaceutical |y active
s IR e B R e B iied o g By 1 spience st forh
binany ob?bf $EQ ID Mmt poSihée gﬁ?féﬁlﬁ%hddﬁﬁboc}]ﬁy @thviAqtravﬁllgﬁlﬁé amino
cont enpl at es ne ivering a pharnaceutically
8 SERe Bt R malRo S NCRE | i o imsaer g pursckantibody
sislpr@adcdsin bs@biaticBUeith ApKRhRQdtMG GRS oRHBIMY, St er i ng

a pharnacgutically active conpound in conbination wth

a pur i P#ed ueen the digglosedaniibpdyrblacs! bupin harrige irenspertpu eystan, the
ofnvaiib qlee5 k0, | : t hat

C iy BMen DS gocipich e orch e Buhh Bibe AR, % gqrppound
ararpsy ghecldpqsolraie batien ssa subgect toaid. Sneli ambdind irtudeOadniihtering
subj LS i T ther features.and . .

o Bl B By ORI Bl S h B Emtivpgyepaving an
atminglaed sequuncret oy sn@efIHQ MY Csd -1 ol assubjevesath At ME entibody
de: i bed in..or,are a ent. 20 fro the, foll owin

QST SR Br R s e BPRB Rt Sl g e Barbarier o
ofhe shigect'sdiaitods according to this invention. BRI EF
DESCRI PTI ON OF THE DRAW NGS Vari ous exenpl ary

enbodi pent s of tge met hods of this invention wil| be
descri ﬂ%&e gl qfhsr deqtures,gndiady anages akvarions exemplasy pbedimgents of
f ihguftRfes aW BIBioBs acdBrdfrlgs thidi | 0T §

il lustrating the‘inper%eag?%@ygﬁgga?ﬁggﬁvgggg%g%gﬁﬁﬁnmn
bipH; B follopang domileh dosstiptien ofivericws exdinglarypentmdiniaseofitse
Sﬁ@ﬁ@&hﬁ&&ﬁh{Qoﬁﬁﬁ&@m@%ROd vessel s and does not

access the parenchyma, except for in the small
circunventricular organs that |ack a BBB (nedi an

em nence above)BRIEFQESGRIPTION §1F Bl DRAWINGS

effecti veness 9 WD 2007/ 143711 PCT/ US2007/ 070587

Various exemplary embodiments of the methods of this invention will be

described in detail, with reference to the following figures, wherein:

FIGs. 1A and 1B are micrographs illustrating the impermeability of the blood-
brain barrier. FIG. 1A shows that horseradish peroxidase is sequestered in brain blood
vessels and does not access the parenchyma, except for in the small circumventricular

organs that lack a BBB (median eminence above). FIG. 1B. illustrates the effectiveness
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of the BBB: radio-I|abeled histamne, only 111 Da,

cannot enter the brain or spinal cord of the nobuse.
wWO-2@7/18718 an el ectron m crograph of a human cRCEES100H70587

cortex vascular cast illustrating the extent of the

vascul ar network. Scale bar is 40 m 5 FIG 3 is a

schemati c representati on of various BBB transport

options. FIG 4 is a flowhart of one enbodi nent of

agt thoBEB: FRIY-RbAEH RiE@intheCHHPY MEDh &lanndi 8hier the brain or spinal cord of

transcytosis. FIG 5 is a cartoon of an |rmunoglf Bf

nBESOYPe il lustrati ng the position of the variable

regions and the origin of the single-chain antibody

vari abje. ﬁﬁ@ﬂf@é&roﬁ%ﬁgﬂﬁérapﬂgf Mﬁ&%e?ebl:l’lﬂ%&t%s 41 \st

regi ons are connected | exi bl e pol ypeptide |1 nker
ahlgstradig gric exeent ﬁféhwfﬁplﬁm HWW&J Seplebdsundd pof an | nt act
anti body. FIGs. 6A-D are schenmatic representations of
yeast s & aCLscHimpiA¥pRientifion 6F Vanoﬁ?ﬁﬁbrtfﬁ‘ﬁgpog'td'opﬁogso )

whose antigen is fluorescein. The sckFv protein’is
fused to the self- assenbling, matin ggl utinin

pr ot ei & (‘A°gaaﬂ?>‘”%h?6 OAﬁﬁ?WboélﬂmWﬁyﬂg’eﬁ)‘ mediagr dprimgndgthelial
1&IsehYeyRdspt ei ns that actively bind fluorescein on the
surface‘of the yeast particle. FIG 6A is a phase
contrast image of yeast displaying 4-4-20. FIG 6B is

a fl udleséénteariopmganimmupeglobuliti mpleayé ilysiating 2 faoitiod of the
t e xtr

D ag%éfé%%ﬁr%?a‘nﬁ tlge cﬁ}éﬁrﬁgf tﬁg &1 q’e %ﬁean ar%rpod?/ varlcé'ib}er é&}gél’l\?gﬁ&SCFV)
s¥myablddighB andhe@yvy &@mns aa cbhmmtedi:garfteelwmmgﬁ)epﬁdd]hk& and
yeoargtrlstéthat 1fall t.0 b| F TC- e>§tre‘iﬂ 20 FIG 7 is a
DFALLISE Gigrpiniyal Wg §S§ B H Tt aROdY ¢ i nt eracti on

bet ween yeast di spl ayi ng 4-4-20 scFv and FI TC-| abel ed
RBE4 cllGss6A-Dodai skgﬁmhﬁﬂre@feséﬁé%mﬂﬁoﬁl}%aﬁtsuﬁﬁie|d$sgla ioff Bn scFv

bi otin 8 Hd neutravi di n- Fl TC (NAFI TC el ed
(‘foélﬁtf‘ﬂ%w? (:2 ) WAPSS3BTIEH 1S Rsesceim r BMCFRBEQI‘?’@E!? fused tpdhesself-

anderiBEg, &@ﬂlﬂgsag%ﬁl‘ﬁmbleprgﬂeﬁfs '(R%'p%ﬁ@ @g%) tah@dvirng ShifRe d%pﬁ& of

and 20 mrespectively. Ima sane m Croscop
IS @Wt5iBT BataskErly B dercassin %thaﬁ'@réﬁlce ehtk Y\ﬁmmﬂhg{e “FIG. 6A

st %Rrhas%%ht‘?aspﬁﬁage Py st (‘P‘§pl 145N 16! 6FSs! a%%Le%%ence image of

I's exhibit continued |n ing to yeast aft
waes'lﬁfégsqugé -438 bﬁmfltplﬂ[l@els@bedfa@rac SFITE-dtatrargt FIG. 14T @ phase

TG AL SRR AREROe BB e R, % BT OB

emagchfr@mﬂ yehdt ttat fails tctoind BITG-dextrdn 4- 20, 4Mb. 3 and D1. 3
yeast (1:1:1x105) were panned agai nst NAFI TC-| abel ed

RBE4 Zlﬁbl 7 r@eﬂﬁla@é{ ggn?rast'?‘rfnggeer shg\%gn% the supre]:mﬁc 'inqeracf:tlro%%t lvg)ere]:rsl yeast
dlsplaymg 4-4-20 scFv and FITC-labeled RBE4 cells. Conjugation of 4-4-20 yeast cells
with biotinylated and neutravidin-FITC (NAFITC) labeled (top row) or unlabeled
(bottom row) RBE4 cells. Yeast and RBE4 cells can be distinguished by their size, 4 pm
and 20 pm respectively. Images of the same microscope ficlds were taken before and
after cach washing step. Scale bar: 50 pm. As shown, the FITC labeled cells exhibit

continued binding to yeast after 3 washes while the non-FITC labeled cells do not.

10
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20 and 4Mb.3 in the m xture were eval uated by fl ow
cytonetry. Solid bars correspond to 5 4-4-20

w@ercarage and hatched bars correspond to 4NMbPGI/US2007/070587

percentage. The dotted line indicates the detection
l[imt of the flow cytonetry assay. FIG 9 is a
schematic representation illustrating the overall
strategy of biopanning to identify BBB-binding and

| nt er NElG. 8iigbs Ghaph shidviang 4R dffebty SF §cﬁ1@.§ﬁrﬁ RneIiiNB FRAN
ofRE4b|nd|ngscFVSV|ab|oannn? FIG 11 is

SRR MBS BRI 4-H0BYIP-3 3ph Bl é;b@astlshwm;) Whi§ panned

hb@ﬁhst NAFELGMpLied RBEI L hf%ﬂ@la?é’r@f ARG e ouRl 88 fra J;HJ@& of 4-4-
yea arowth in 96-well plate; 11B, yeast are a

Talin the anixtye e pyrdentaschyyfisers eytomdingd, Solld bars correspond to
”@'3 jorb%%%ﬁﬂge a]ri’d %dh@él Béré‘gorﬁ gﬁ&@ to 4Ris"AS! eree’ntage Elilen%oéﬁgg line

Restrictio r ovi i ‘hgerpr
amdxcatdethbﬂétpctrtgl hrglebﬁthe flewfcainlelty adshy. G sequenci ng of
uni que scFv clones. 15 FIG 12 is a table sunmari zi ng

t he Di i g of .scFv varia Uni que scFv were . .
cl ust elfrrlg;d %Sy (BEDT, rﬁpreﬁélgaﬁwm% flg'géat’d‘ﬁ t@%ﬁ?r RSy Pg‘%“’pannmg
diofifl@rtisy BBBmlﬁﬂlhg mmﬁferr&llaE@ea?v. by at m ni rum one CDR3
(20% am no aci d honol ogy) . The CDR3 regi ons were

ocuseAcLRon, e ASLLALGR 11355 Sl 15 RERLRAS

di versity and the fact that CDR3 of the VH and VL pl ay
a maj oflGr bl & a ssh@Matidaliagram nf thg cdll mdivlgyes pamifg anidihyghand

R e (e N

hataddadyto RBE} cAtusCHC, WalticeddReEH I oAl #Riubd; 30 RRiAPCR or
enc nd Bst N  di gest pattern. é % The germ i ne

awﬁf‘f By F gRenecRngjacshaov distse FesTBHN gt bindgreand Heptivie

GREMRSERY 1 FkRRemSiebf v Hemed&& | gBLAST
( tp: Hisih ncbléqﬁlmhgldog T abl sy 9570 O ones

subtr e 5 t he VHCDR2 yeast Northern bl ot
exper i ((ij% AeC EYONERANS W%H’é‘"’tgcﬂ f 8¢Ey oriamdp ¢ (g Mnignpgekv

%er%%ﬁ‘é@ré@laf@%rr% gyh %‘aéh él5£ Q@Y ?x?@ryanﬂgod?é‘s%é@ R dibther classes

smal | scal e ’screens, and there repr esent
ekt atreinissnm orie QIR G074 2B BEidPOTolBRD OTHOTDRS Fegidhk Gere

ﬁmﬁs%g ﬂg?s]no%y gée]f?nﬁn clas% [) gﬁgtﬂ tgi/ n?némgxluge]gasgcfg{/t’hg?b\?q t%atdhmlts
v@bRalkhe CD@Q\@N&B‘@I and thefct-that @DRsd fehd VHNRind “%gplﬁbna major role in
nt termn re Fl 14
BHEet B GR Rt b ooTpfnlly ohbits BesStaky it and cbrs
S8 em&@wdﬁlﬂmmdfgybl amecagu VLVzhl hav¥ ﬁfghehbheldg@ aw) An scFv was

reqion; - variable lig regi on;
(?e%med unlque by amino acid sequence and BgstNl dlgest pattern. (c) The germline

antibody gene usage was determined by subjecting the deduced scFv amino acid
sequence to IgBLAST (http://www.ncbi.nlm.hig.gov/igblast/). (d) Clones subtracted in
the VHCDR?2 yeast Northern blot experiments were counted in the totals of either scFvA

or scFvD based on their frequency of occurrence in small scale screens, and therefore

represent estimates.

11
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conplinmentarity determning region. FIG 15 is a
sequence alignnent of scFv clones A, C B, G Kand F

WO Rdoas437at i ng that F has a simlar honol ogy tRCT/E82007/070587

variable light (VL) domains but not to the variable
heavy (VH) domain. VH - variable heavy region; VL -
variable light region; CDR - 10 conplinentarity

determining region. FIG 16 is a polyacryl am de gel

to I
(7ot S M1 QAL R B 1
{

pBATBY I tgrpiameisgl gy viziablti hegvyanedionnY e r-rvatiablatiglo megidn;

S b is a collection of
m'@??ogérloa AEanF‘IH eterFl gg%é al" fluorescent staini ng of

15 RBE4 bi nding scFv's show ng specific binding and
i nt er ndlG: 241 ao¥sqedncs alisnméntyf sEBEdonasdd, [l snd Htthatahars sdquence

DY 18pr um biading attri es of
oA P BT bV L PR R By G RS:
sc@n#hnnamtagrt)aée{temnnmgtdgxdm ve RBE4 cel I s. The plot shows
the fitted nononeric equilibrium binding functions

and ex i fromt [ de en t ) )

experi Iﬂwgt g%%%é%e?l%‘%)g}genmemb?frl?\gf ‘a %e%mag grand F illustrating

diheelf hasecsimilénHoniold g tcivafabié Il%'ht E&Eﬂdorﬁﬁhd it ndih the! vatiable
i brium bi ndi ng

shows the fitted nononeric equi

fE‘?‘?XY ﬁ%ﬁ%dmaéﬂ VH - yerbledeayydagiappdr everiable bt tggion; CDR -
(@thlinkentarngei@XRahs PBRal data from two i ndependent
experinments. Insets indicate raw fl ow cytonetry

hi sto that were used to generate the bindin
cur vegl'[ I%an6 Aol e 8d ((pe@anclsheyingthat the secrete PrOteinS

' i
(T Rk R 1 o S ARBEIP 0Bt Ny

e@lgdllﬂgg@ftylﬁﬁén%@ﬂwn(dﬂ)SCFW\la/sREE@chas a negative cont r oI

The i munopreci pitation products were resolved by 12

WO 200MG1 43 bl oSk Qﬁ%&@ﬁﬁuﬁh@ﬂal (%%s%gn 44 fidng of

(NR) or reducing R
pRBE& &ingdingtschyis sh@mng slppouﬁc hinding labd)dlyermerhzanmn of scFv A by RBE4

fyugb{urlﬁ'}@ggﬁrﬁl n receptor antibody (0X26). FIG 20 are
orescence m crographs allow ng evaluation of scFv

bi nding and internalization properties. RBE4 cells
ver e | Heell &groxidehequilitirfumelindipg ettritiutasroif 3ty Asan\séFvD.5Left panel:

S Y P B 8.0 G s e

Stmoﬁdmeilct auBibGumbipligihheione blhdJéx@érlﬁxélﬁﬁlfdafakﬂrd}ﬂ twd h@ependent
xaFl uor 555

RN G E s M———

cells The plot shows the fitted monomeric equilibrium binding functions used to
generate an apparent affinity (avidity) and experimental data from two independent
experiments. Insets indicate raw flow cytometry histograms that were used to generate

the binding curves.

FIG. 19 depicts yeast display immunoprecipitation of antigens for scFvA (A),
scFvD (D), scFvJ (J) and OX26 scFv (O). Irrelevant anti- hen egg lysozyme scFv N)

was used as a negative control. The immunoprecipitation products were resolved by

12
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488 conjugated anti-nmouse IgGwith or without cel
perneabi li zation by saponin (SAP) treatnent. Merged

w0 pagess7of t he Al exaFl uor -1 abel ed i nages are sPOWAS2007/070587

Scale bar: 20 10 m FIG 21 are fluorescence

m crographs showi ng that scFv A recogni zes a brain
endot hel i al antigen expressed in vivo. Frozen rat
brain sections were co-labeled with scFvA (1) or

4exﬁm2ﬁ)or{r@ucﬁﬁ QNRW 6r I*éﬂ@du[g @)get é?&ltlbﬁﬁoré‘s@sl a{nd%gﬁ{)bed with an

GSA-FITC (2, 5). (3, 6) are nerged images indicating
t HE-biotn Prawé)éemt@emfeame@mr prtitody §0XPOng. | n
contrast 15 to scFvA, irrelevant scFv 4-4-20 did not

yi el d @y 2b aRaldoRGeensd ﬂ?ldr@éraﬂlﬁ%ﬁb&&g‘é@il@atm@l@ @JP‘(/%JH% and
nouse brain sections and freshly isolated capillaries.

Fintramaligatiompseportiqse RBEE celsaiiedgpelstl vifhtnugéind, pendimeyizédscFvA,
EA\;DCH}J NhRIcFHd @l?.'Oto@ @B@iohﬂ n{l&;dsrrﬁ h‘td fOF cell surface
y In Vivo Was

cate that the sc ens
h]agdrimg anth ghen shidied fooi7 °Cl1e ptonrwtscfedimar trafifiekiept Ghe celld atete then

b R s B S ey B el o bR 1 FISRES bh AlgpaFluor

ofRReronpighod ahthatousdlgGulidr orrmdi@ameﬂrﬁérrﬂa}mhgblﬁ)ntﬁj&ag?ﬁﬁ (SAP)
effectlve wal transport drugs and/or
MR eSS Rt B SRRk afeho aRsHle bar: 20

Wiinl e a variety of cellular transporter and receptor
mechani snms have been identified, they are linmted by

t he SqﬁﬁggLCIt of the ngand Hg t he 25 endothellm
r ecept T HUBECFNE RUCRERPRS S wiHigdhal 95 kY A yecegnizgse brain
| érﬁi@’ﬂ{éllilcéhtlééﬁeexf)l%%%@‘irp%vo Fﬂé%rﬁ‘ﬁf brain%@&to‘ng 'w%@tdonge@ffd' with
asﬁéAIdll uni dent| fied anti body |igands and receptors

b 420 EQtapéFhetlﬁ@nsnwhﬁxlw sH mpaskar GAs BOIG (2, 5). (3, 6) are
@%@ e§$rldR3fin 7é i€ oggﬁ by Psd0%hk %ﬁ%@lérc laP]eleré. In contrast
US20 a hungén

/ 07058 The | ventors have m ne
siowgfeﬁ,cﬁalpwnamF Vidothy0 didagptrpietd ang dabeling. | Simalayresilsrwere

Sgl:#:s?ﬁ/e(‘i E}at ?ra}n?se n?él?(‘; g’ﬁhgrf 1ﬁ(§1 t%l gzaoelg@%% Pﬁl&%llﬁylg n}ush like the

bfaaklng eﬁmtgble démity €2 IRBE4adufitres; l’iﬂ@l@t}(ﬂi&bﬂ@bdhﬂg htéRRRE indicated
, |nd|cat|n that they may be substrates for BBB

afnt ¢ §F S aatiggrsdeaity inv s%s#vglsr thgn ghat Eor fhectganpiprr receptor

I@m@hstygsselgmgﬁmguoﬁ%zes in brain tissue sections
in a pattern that represents a transport system of

endot hel i al ori is detected in other
brain cells. l?ﬁ"?éﬂﬁ%ggsngHQ&,OEﬁéiﬁ REVENEENCi at ed

BBB transport systens represent a novel mechanism for

noni NVRR difrektrit@ndsh is\based dnQhd Me@ﬁ@dﬂhat%@ﬁlﬁﬁﬁné Qﬂsms may
present invention is described, it is understoo

t bfi the megiaiticient and effeptive way to transport drugs and/or therapeutics across the

blood brain barrier (BBB). While a variety of cellular transporter and receptor
mechanisms have been identified, they are limited by the specificity of the ligand to the
endothelial receptor and by both the affinity and avidity of the ligand for the receptor.
Further, identification of, as yet, unidentified antibody ligands and receptors will provide

better tools by which to transport compounds across the BBB.
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10 limted to the particul ar nethodol ogy, protocols,
and reagents described, as these may vary. It is also

W@ o00e43Tmder st ood that the term nol ogy used heP@&i/nS1087/070587

for the purpose of describing particular enbodi ments
only, and is not intended to limt the scope of the
present invention which will be limted only by the
appended claims. It nmust be noted that as used herein

and i nThmvanmm@l@dn%@h RBmart §18g18lcRAN hilbody ﬁaérﬁ&{ﬁscb*v) library
ﬁoé and "the" include plural reference unles
t

Sﬁ%‘ﬁtﬂé%bméil ‘g afiengbr%ﬂlie%ﬁ%hré@ endnthadialgedls. ABHbest off the ScFy
eXRAPIE asAl@I 0 GRaih EndotheRifll el i
such éel ?Ss an dgete eq l.lll val Oe net S te hseé}lgé}géf‘rhllgﬁﬁ d% lﬂ}{e%lé kél% l%lcatmg
s Kiaf they mapj be gebstiptes foa RBBsomsortasis. syasmwerhq sth elsb epiemfﬁﬁcally

one"
bgabalg gg{sFlrs] t@garllc 5er§g£§ a %ge{ sectlons ip 2 P%“eérll @8% re{)rgse&g a transport
n@xseeuin ofmdoiﬂlhl@l bEgING Nodaimhng & degcted in owbertthingells. amek class of
0 i nterchangeabl Unl ess

deCT |Vnaél ﬂbel'r a&g‘waé,egis‘%g@ (rapspR Sysiems rﬁPFGSG‘é‘ ? Bowel Peehapispyfer
usetnieivedfughRlGery REthe BAE Meani ngs as conmonly

under stood by one of ordinary skill in the art to
whi ch # i nvention bel ongs. Altho%gh any met hods
and %thfeaIP%P@Ffﬁ‘f fnypntign l%%FWelﬁtS ersteed ¢hat this invention is not

demacd Rade patailn maRoddfogySkitobds g ﬁ&rg%g i& flt%rd as dthese may

testing of the present invention,
métTHoHds dpritorhguedsraioed takthp tmnd@kxgw |UB®1diere&d1 is for the purpose of
DH&H Giag baRsul RN ’ d.here

by ref e%gnce for Htoﬁgﬁ%bs{@lo}g ahig %S% glsn#:ern i Jt% 1m1Ler scope ok the
dprsednd giverjiontvehictcwdhbedarhised andst by thie ap;zendwacﬂilﬁﬁ.s,
animals, instrunments, statistical analysis and
methodlq orted in the publications
Tt Mo g B L EAREASH bR R O b
2 oms 131'3 '7a111, aRCThYSRORA¢ PIEH Bferehaevmitss i comoititieagy dictates

h [ be construed a An m ssion that the

SE i, AR foFns® o, A bl hroB el and

byquwaﬂmmsetha’sofrimo% td) ﬂl‘()@d’ﬁkhlﬁﬂ 1n ﬂﬁ aﬂsﬂﬂil sﬁ%@lﬁ NAs %@J tﬁ&ferms "a"
s" nmeans

2@’}}*0%‘} ng’nﬁt (Hén%r %]ﬁ?.ﬁép]il cp?] Eq: H@Flﬂbtercbzmgem hereln It is also
| torBetr@ebdttat tﬁbllms'coﬁﬁrnﬁﬁy”ﬂﬂclédlﬁé"' R %ﬁwﬁ?c&m%? used

chi npanzees and ot her apes and hkey spec arm
afisieeageebyh as cattle, horses, sheep, goats, and
swi ne; donestic animls such as rabbits, dogs, and

cats; UhBRUeAh&S dthé}ﬂfisgadlﬁteéﬁﬂgapﬂ{d%gle{l?ﬁlf@hﬁs 1|1:s§h' ﬁgrlem%lave the

rats, mice, and gui nea pigs;
ofAMSgRcARIERAY ommenly H@ierf’é(md tyrame b ordinany skaldlint tb¢ aﬂn torwiisich this

Sgk??ft%g bgirohgsg e/irll(f)h‘r:t‘)ug rﬂ) r?e(‘)tﬁbjc@ A E‘nc?teﬁgﬁ%xrgl L I8 equlva enf to those
" dagerited dewsin ¢ag'be ased” 1adlm pracice at festing of el prebest iavintioRans
f&%ferred methods and materials are now described. All publications mentioned herein
are incorporated herein by reference for the purpose of describing and disclosing the
chemicals, cell lines, vectors, animals, instruments, statistical analysis and methodologies

which are reported in the publications which might be used in connection with the

14



10

15

20

25

i ntroduci ng conpositions of the invention into the
body, preferably into the systemc circulation.

wWE@p4Es$1 i ncl ude but are not limted to oral ; PGIESANT/070587

subl i ngual , pul nonary, transdernal, transnucosal, as
wel | as subcutaneous, intraperitoneal, intravenous,
and intranuscular injection. 15 As used herein,
“phar maceuti cal conposition” neans therapeutically

efnk @t iohV otlaiphyMEis is0b bk BEnsBBEI 4sARIRYERE itFat HRNRXAMAGh is not
(al so,terned "pharmaceutically active conpound")

t FYLled i anfgdets sueh disglosuredhy Vievg & prigy Byentipat i ves,
solubilizers, emulsifiers, and adjuvants,

col | ecAd wsel YiercRNBiBJREEMEANS ShdninAC SRIMADhANHAE MArfmals” means
As used herein, the ternms "effective anmount" and

" FySRepagf haiclays Mpmamalip insludings utmnof limised tophyrgas, non-human
ObkAekd dcPhs A} | i i

SHFFA Pl 8 AP0k D8 PR G0 p Q52BN gl o
wiattiro herses, phtap gaahy cand swiriegdoredstie enimalssuth @mgatibotsj dvigs,yand cats;
FAY | OF : : j The Lfig . .
bl imaine R Bt SABRRSE G aBEEhos i apg e tke

f Beamples dgon-manpeals inclutlg butondotlinnired theiirdg, and etatléd, The term
the..physical condition of the subject, the type of

aﬂsfltﬁ]g{:} é(éeisr{lé)t ?nggtaepc?ftlﬁuﬁaé YU on of the treatnent,

the nature of concurrent therapy (if any), and the

speci fAcu8 htoinyiddatinisteting gl “adeidisantbnl’ hechsdes oy tbshs For

th ompounds .ar its derivatives. . In this case, an ]
awgf 8@%%‘19@0880%05 AR RY RGP L, f‘ﬁe ey, preferplly ftg ghe; systemic

r éifculatiBfl Exan@iles iEludebi® aRfnot liGed @l draVbRGal, {@lindAE pulmonary,
preventi on of a neurol ggical or brain disease (e.g

AradsTah Sansmpicpsal 78 Bistl@s shapignreouanipEapritoasal. ipkavenons, and

I eMEhaRLIaPmj&tigRi | 1 zation of a neurol ogical or brain

di sease (e.g., Al zheiners, Parkinson's and/or cancer).
The optinmum effective anounts 15 WO 2007/ 143711

PCT/ US2DW?{ 7938 phagmasewical enmtiobijion/emeansitheeapetticatin effestive
or gl | ' . S| routin, . .
AR of Bihbb i Tohp AT B prmeueaty active

| ¢cpapiodsd g togethopiith suatiicatiluaitd) @rasersetivds j sothbilizers, emulsifiers, and
formul ations. and. i ncl ude. di |l uents .of various byffer
UL RGBT el S tors. Sy e, the trms
afefifectoei amosht" @nd ttherapaiticallyd e ctivCdincint"ab vl the Qlantity of active
gilatin.to revent apsorption to surfaces, detergents
(BUgPSutT RERH Chgen'p BBl Bt yetldh R GASied HipBapepiiq iespaspewithout
S@ldu hdvegselsitielfets BEhag @ictty( Brittion, 9t ¥6BEi@losponse. The specific
ppl%ethylene”gL cerol), anti-oxidants (e.qg., .ascor%!p
actCSGEOUR et eBiviouplyi Yagy with sechefpaens iay the pgwicylar condition
ThUi Nk QSR the Bﬁ?&@éﬁh cHdRRRYr _'d%e. sﬁgjre?tbﬁ‘lg?pe o? %iiﬂapgeing treated, the
substances or tonicity nodifiers {e.dg., lactose, ’
népianaif Yhe teesiragnbribe naurgtof earienment thefapygifenpr sndsthie bpeaiic

PRE%ELAN LRBIELY SR thE QG BF Bk %brﬂpmﬁﬁggrl R AR M ff s

case, an amount would be deemed therapeutically effective if it resulted in one or more of

the following: (a) the prevention of a neurological or brain disease (e.g., Alzheimers,
Parkinson’s and/or cancer); and (b) the reversal or stabilization of a neurological or brain

disease (c.g., Alzheimers, Parkinson’s and/or cancer). The optimum effective amounts
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nmetal ions, or incorporation of the material into or
onto particul ate preparations of polyneric conpounds

waew1&s1pol yl acti c acid, polyglycolic acid, hpdrogeby)70587

etc, or onto |iposones, mcroenul sions, mcelles,
mlamellar or nultilanellar vesicles, erythrocyte
ghosts, or spheroplasts. Such conpositions w ||

i nfluence the physical state, solubility, 15

Staulel reddyly deRtrfined by Bnevdf\oRdifify SidiH n 1HRAE ursr’i\% Softhnei N
vivo cl earance. Controll ed or sustained rélease

cHRSHRERPEHS i ncl ude formulation in |ipophilic depots
(e.g., fatty acids, waxes, oils). Further, as used

her ei nphaphialciREE bktﬁlﬁ&fllltio}is &@Q@Qﬂd@ bt Eoﬂﬂﬁiekl%? dtheA¥iSe HRU!
known to those ski in the art "and i ncl ude, but

afosmplgtions; and irsdnde gliluentpal variows bdigr prniané feeh) TrisBCD acsate,
EQ)%]%’I@&) eprpuhd %fnc%frer%tl? é‘g?xﬁkiésrk%ch A0 kiR r&ia%élé{tm t%g)?gl/ent

macéut i cal 'y accep carriers nm
o%bsﬂmﬂomm@Dﬁa@Ss@mgmm(&g §ur@pne g, Tonesn SGridumnmIEéBQME acid

LA TN RN I I N R

oadcorbamhd Socerh aww@rfg@np&s&&dmw(esgu Cihif&ro&ll,ehzy1 alcohol,
i ncl ude wat er,

ol eat queous carriers
aP¥ BF i RYIGE SURSEnSs| o dqnisily modififrs (cahalagipses aptied; enyslent
| elchdém @ f fallymeR su&ﬁas%@emﬂefn@ %Ef@oﬂ@ @He%)rotgﬁlr c&ﬁﬁl%ﬁ@ﬁ with

of the present invention, "treating" tr eat ment
dBE@} OBR OF {NGRrPorAl AR gbthe Matcaigbintogr@nist paatlcsllm} pieparftipns of

t B&yRLyid oﬁﬁds%ggﬁ)%t r(r)g}?%%lg%% %@cﬂ%ﬁ%ohg 989 ﬁﬂd?c%’elsoétc or onto

di sorder. The terns event | ve,
hmhw%mwroem@lsmnqs ahtallass,mbmtetlaatrmﬂﬁlamﬁamklblemrythrocyte

e A ol TS SER TR S WG St et soubity,
P@Ulhﬁ?.ﬁ&?df@ﬁ 058 velease, asé rite oM @b ickBrahee. PC@MONEd driva@stained
set of th or, co |JC ons, alleviating
i 1he case COII‘R? (S)l nsy 138 (geiq%rrplélgttl(? glpoapil%pqpms &8i F?étytaﬁléls waxes,
doitsgase, condition, or disorder. In one exenplary
enbodi ment, the i nventi on conprises an isolated

antib fragment havi t he, no acid sequence set

Fort h i0ftngs ¥ BHHE RSty b ae op il carBe g wel known to
pthefcaskilrd u\/ﬂk%nqm mc!dale Bus Qlle%?ﬁlmﬁéﬁ 1ob@gy- Oflmgﬂlﬁé}éfefaﬁly

a single chain g | vari abl e (sckFv) fragme

9&1

a%%MéahO%bbéwpéf?ryor Wénﬁddlltlheall}’nv@hph@)’mapﬂ’lmwaldwceptable
a&HlQQQﬁ? $e Emt)upérqﬁiyn aﬁ@é%g% Ecﬁ{;]t'l(ﬁlls & ekmgr?sc & %n[l mans.

resul tln% in en OcytOSIS (0] e rec pt or an oun
| Expemies. ol nan-agupens sohisotsi am@mpsylendéyqothytetmtene glyaol vegetable

POR'S 1 MRLL S ARG,
(?n K gg; at%cL)H gg %L ar ma\rﬁgJ %1%1%: g%flgg vy 3%Chc 8 ] uglagf" héﬂuﬁ%s carriers
umeﬁldd: whier, mfca}mﬂfoéiquedmg scblbﬁons emulsions or suspensions, including saline

and buffered media.

For purposes of the present invention, “treating” or “treatment” describes the
management and care of a subject for the purpose of combating the disease, condition, or
disorder. The terms embrace both preventive, i.e., prophylactic, and palliative treatment

as well as therapeutic treatment. Treating includes the administration of a compound of
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pharmaceutically active conpound across the bl ood
brain barrier (BBB). In another exenplary enbodi nent,

WO b@7i1#87€Nt i on i s an expression vector that iPCI/USME7/670587

pol ynucl eoti de encodi ng the am no acid sequence set

forth in any one of SEQ ID NGs. 1-34. In other

enbodi nents, the invention includes a purified and

i solated host 15 cell conprising the expression vector
CPRtcal Mivedionhe pres et Meshs o lRisgmPlonfl o# BeRRlidABodsNRlleviating the
am no acid sequence set forth in any one of SEQ ID
NEXENPiamar copplighions.r sEminaprebe disease, copdition,(es diserser.

cell can be any cell capable of expressing antibodies,
such am,ont kerfpi@gRhBodifeRg the iFRATIBA ERRpriz&d drSisolated antibody

i ncluding the Chinese hanster ovary cells; 1nsect

c Bpgraent hayipgthe paino asideseptaace set Frathuih auy presofeSHE BENOsN!-34. In
Sy ; . - le 1carn -rice
SRR E i 6, s e oo e AT e ¥l gy
RvarablegbcFy) fhgmemol Met hods. 1998 Jul  1;
216(1-2):165-81. In yet another exenplary enbodi nent,

the i nyeRbinGNeCAPREY Sififodin | i
anti body frag#én?gégpa e %?ggfﬁﬁPﬁngé SE%EQ?%B%S%EIMHd
eergiothiabalicall reseptbrsresubippigan endvoytpsis ef the recé@dr aidbplmy/ligagds. In
a nti.bady fragnment .on. a yeast cell; (b). panning.the
SR ent BTRGPHGT 2 er it sorinain B ivaptine i
endibbielinial (€& pharmatduticaly atGye dod@dtind haiig uscBiISR brdeSring the
a tibodﬁ,fragnents that specifically bind brain
ePERRRSHiICAlly @gliiye opapdycEoss the)blogd biair barigr EBB)sol at ed
nucl eic acid coding for the antibody fragment

i dent i Inia@6thexé@plabyerdBbdiBR tBS b Mliok §C4r0¢xpredfien {&lor that
transformng a host cell wth the expression vector.

| icludeser pafuiugieptide qppoding the aminsAcikssauenehget fustin@ay png of SEQ

s e r S : : :
155 LA GOS0 B s s o

cestlisiomprising shetdrpressién vdctor sonteining dlicaisolated euddeic beig Bh@ding the

e R AR PLE P TEE0L L2C PlSSise

mébttbehast célb@ntbicfayy bl @pathlé af ekpesisiag irelboales, 68¢H as, for example
odi I ncl udes di spl ayi

specific antibgdy. This e nt ayi ng
aﬁ’f’fg]b 8‘&91“‘3@*‘? Fejgn’ﬁﬂ{l%‘n% fhe{hpuese parpster ovaryygelly dnseefcaHs. ygine, for
t bampics pbaguls s txprediyn 3gadmiilamd cEllsabueh 8846t dX8mbR! com, rice,
cell .cul tur [ olgtlng speci fic binders to the

’Wéfﬁéﬁﬁs»ﬁég Q‘ﬁt@?s & sEnceallyy Ypmna, Bnefcd héimrmagnod Merhods 198 Jul
I gend(i yi1eggt.he specific binders, thereby identifying
an endothelial cell specific antibody. In sone
pr ef erlpggt @eisteremplasy embodimeast the lirivghtiaedompeis¢staprecessfor

sl S5t Buolr bR U Elorsthoso Thlant BRI e poseprer
ofomprising: (a) displaying an antibody fragment on a yeast cell; (b) panning the
antibody-displaying yeast cell against a brain endothelial cell culture; (c) identifying
displayed antibody fragments that specifically bind brain endothelial cell receptors; (d)
inserting an isolated nucleic acid coding for the antibody fragment identified in (c) inan

expression vector; and (e) transforming a host cell with the expression vector. In some

versions of this embodiment, the host cell is selected from the group consisting of: yeast,
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30

identifying endothelial cell receptors functioning in
or related to endocytosis and transcytosis

W@wphn#¥ing, providing a cultured endothelial RE&I/US2007/070587

nonol ayer and panning a Yyeast-displayed anti body

i brary agai nst the endothelial cell nonolayer,
isolating antibody bound endothelial cells; and
identifying the cognate receptor. 15 Novel human
anattoediafs cdhithations BREcoBBR sbimd PRIGH eﬁ‘g)%fimtshﬁe Rost cell is
imrense utility. Unlike the antibo

s OPEEEATBSes deaEvisine arifz ediwel | st udi ed systerrB such as
the tigp | fy n

novel re?gﬁ}?ggiﬂne%{}gteg é(!tﬁlrﬂgﬂtég%? ‘%HE% 1éms |l§°d <?eln8fylnga
dibFainp emﬂ%hegﬂlweh spdeific 'dﬂhb@b' IThg!wmtl&dan@t meriiﬁésedig)laymg antibody
pr tified Therefore,

P ReFEDS oh AT EulEe. bD 1 Ao sBhbadirgrin: 2 bran

n@ﬂd*ﬂﬁhﬁbllab@ﬂ'l CubuI@,Olsolaitmg Spﬁ@lﬁé UinHMs RUE fhedibtdnl %@eﬁt@rs on the brain
hay e re I%ﬁﬁ% ct|o of BBB bi ndi ng. The
povver (telltlr Qdidenilyipe, e SBeCt‘ % dierabaridensifriegan endothelial
Ofcelpgieelﬂﬁt; lagibdiyUth Siphd ﬁf@t’é%ed’ Sﬁl‘i&ﬁmﬁﬁgthe c?otl?e(?]gp&ﬁl culture is
cell ' surface receptor (receptor-ne at6d Carfrer
s?gteﬁ?l%ﬁfﬂ mengdeveor  know edge as to the identity of
ei t her i CHMPABSBRL g@g! eral scheme
the selection ofeXgﬁlc&:)féryaét]rt1 %?hgtzngglgd) X Comprlsetsﬁénet&d of
i ifranbingendothelial celhrecdnters &mctorangimed rélated ’a:regldbcytosm and
rggﬁg 0 st he BBB, en
dr ug %rtgFI(Se gﬁq %@5‘% 8}089{%0 céurltru?eéreg T L%et“e‘t"?le) Etye(/%‘} anning a
t Weaseélyplesse@canaquygerarh egaBBBthe&ﬁdh)hehﬁl ¢ellMthd il eR iRiafing

t nyasj ve d frombloodto braln
glﬁgo%‘? g?tﬂ IH’Z %ht ?“rﬁldg‘iﬂt ﬂ‘ﬁ cggnate IsePiBgat e
| i gan dNbv)erl htufen eniboges tstatBBR Qtahsp%vt%yﬁgtﬁs hav%ﬁﬁ%&% utility.
&oﬁ%ﬂ targeted brain delivery Systens inc
t HRME: B araRey HORieth otsems dha Hobied opsllopciegisy s suFhes e

r &EIQ;}ﬁdrﬂﬁ SndhulBVREEHS qg’en’ﬁ%hﬂé‘hé\gpr%k t&r%&ﬂzﬁ@@tﬁnsﬁ&? systems is
dlead to mstar&ﬁ; ng of expensive

‘ét?erﬁa{afgatt Btvan ghat thgse\imapdiome me@bane P@Tehmeaammy@ B80e
t t
Dﬁiéﬁt?tge%dﬂ Q"élr@%é&rg erlegglgérﬁ&@!ha\ﬁe' (ise%lg d & glesgf"eefé tﬁaio?oggl to

mentgiglfpl\balllenﬁnl apfibglicr aing tiic m@h}e)d fafchbl\{&lt}ﬁ@ﬂ'my BERling. The
ered successf ul Vi VO UusSi n

DA R B RS ibhlef oy afpoteHbal uativery vector and
Ass u@e@te el alrﬁwe tdaEptbEFdEptoPHRdiHRE %Mhb&@'ste%%%?l n$rior

qgﬂ hannaco | ogi ¢ 5 conpound

! tfpgé 6&{90 fifepute b pither compenent 16 4 deritts o gerteral gehetve for
efh% selt@iodfof QuchAhBERRE aClor@ihs Y HE nvekify, €xanpl e,

di seases |nclud|ng neurodegeneratlve i seases such as

Al zhei mer' s di sease, Parkinson's di sease, Huntington's

di seasit antihegiss P??HBF‘EK’I t%tgerrateptog@meémM@nem;/stbm at the BBB,

tcigrbﬁ %}?lgzn(géo‘éﬁagéﬁ% dRpdaridtstchRbe eisf&:ltl%lQ %ﬂaﬁ’sc%sed across the BBB

endot elium 1nto brain tissue. Such noninvasive delivery from blood to brain is a result

of the antibody acting as a surrogate ligand for the endogenous transport systems.
Current known antibody-targeted brain delivery systems include the transferrin and

insulin receptor systems. These receptors are cxpressed ubiquitously throughout the body

and lead to mistargeting of expensive pharmaceuticals.
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such drugs as neurotrophic factors, including, but not
limted to, nerve growh factor 10 (NGF), brain

wa@leoi7iedi1heur ot rophi ¢ factor (BDNF), ciliary PCT/US2007/070587

neruotrophic factor (CNTF), glial cell-line

neur ot rohphi c factor (GDNF) and insulin-Iike growh
factor (1GF). In addition, other conpounds that have
been shown to have therapeutic potential and may be

deI | veDeperidihgamtthdaiir@sl @borilQarkOve @t\ﬂaﬁay%rf Gram drug cargoes, e.g.
H @tldes i ncludi ng, but not limted
@Ilgﬁ 88‘P>COTH%?}FISfJ%fpﬁﬂla\éalepﬂwﬁ@sa@teuwlly mtéfstcpmabunds can be
pﬂ@l‘i\}e%ﬂ sudeEdfullyIATR- R r&ﬁtlg&l%mdge)ﬁrt%@ t‘ﬂf% aq,cér%@% the invention.

dopam ne, chol ecystoki ni'n
e astrbiareia, thnterms ‘mhﬁmacciplcally aitleasomgodnd’r amﬂ@héﬁliﬁbbloglc

F " t nc
aﬁ{i(l?l@(ﬁ{l/ltdl %:}ﬁggenf% a'ng ?Hﬁ%uﬁl\(/iu eﬂgldl{l ére t&gl %7&{518}1@8??%@5 effects of a
adgedse andigeders ,For ecampdi, ﬂgeasﬁ@iﬁhclu&h&gIﬂdelr@degeneratlve diseases such as

s | nLeffer be u ed for such

ngﬂ%arhgh ot 1sse:%sred eggmsoq $&p ﬁg;a Xﬁgﬁ)n 5 disease, rﬁrrty@Hol@ch lateral

pssledbiatALS; UohlG&ﬁg’@S‘dlseﬁdéﬁihdaﬁultlf)l@ Isc182%RIT RAEb AR RH Yy use of
ophrenja, and sl eep disorders, as

epr essi on,
mé‘l“i% AESED PP‘EB@‘PP@& frgibrsy i dine o getrlgmiteddp,skee gapndth factor
Cc ex@by, omas adHvad nglr&%p(ﬂﬁrﬁctoﬁWaghgﬂg%g%gophw factor (CNTF),

meni ngl ti S, nmenor and cogni ers
t Bbd gpiling e@rmpgnf@tm(ﬁnw%@n@mmm likogtbwth facter (IGF). In

U ted for targetin
PR AEL LA 60 o 850805 R ea and my
hbgﬁlelarblfeld|bytaytllmddass>|ﬁ€he|11f1\reﬁtutryaré @éurblb@luﬂesl ingREAES; budfoPimited

exa ytar et.ed anlbodlesthat

e SE e RORbERER s eashr e Gl i { ik Emmmarsnino-

t bagsé evid (GABAY,ePpshinie, WABledftokdfin ACCKY, lefd@bhins, enkephalins and
transporter substrates that are effective y

t PYFRUSBI T8 asdRs Rymopn e RIBB Farerdbprepeutissimay ingludh eytokines,

b 1 t n t n
e ATl AT R TSR g AR o

c &¥anpl, smali- njerfaripg RN A9 wh&cla mdy be mmdsfmt suom nell'rhlﬁll BB ders,
t ﬁl’égﬁh‘én&t %H{ llll'pﬁ)é%f 63 S étg}: ﬁln%gsa Il agr or Szfang)h%iu}xwty,

t her ap utic car go. I nvasi ve ra
n@ﬁrpé@snbe,sscmcnhrasa aed blotr dsadaes, h&S/ell laeep’ileﬁﬁlﬂd saiffle disorders,

uﬁ}c{l}g aﬁ‘(ﬁ‘&érel;rg\ﬁa@?tgag’\r; s!opdfés %ﬁo Elgaéx}ant%gl%%lngeas n?errr?grg I.alrr1]dS cognition

as nerve
Pd]3'¢rl182,QﬁWl®€’I@ﬁtﬂl?10s dralqthgkicalfagind. derived neurotrophic
factor, and basic fibroblast grom h factor were

del th
adm ni 20 1o oy Eloty el St ot PARBRL PR ecopiseapeipied

aminsbpdéys sy’ﬂ&ﬁns |gateh QHeu{Mg-h sranep il PEAtaf Hbetde lbMsi As
m ddl e cerebral artery occl usion

n%%apies aﬁ’be’c?é‘a ta’éa%ﬁtfd FPERSGsERat EspgzaRxTacaalse spiBpes of the

hiavtinadng arahgferfin dedepto ey @ atiQis taptﬁ'lcpa‘i ﬁ’hrﬁpbﬂer\é{l%(&af& 'tl‘{%gare
%@-transferrln receptor anti bodies. In particu

IR iransprtesl agrass %d%BB anrdydopestel iingo @h@r’m&;n rderetitveevia the
t@ffrﬁ&ld%ﬂleflzg 6@t JQH&’i'thnally, when conjugated to drugs or drug carriers of various

size and composition, the BBB targeting antibodies mediate brain uptake of the
therapeutic cargo. Noninvasive transport of small molecules such as methotrexate has

been achieved using anti-transferrin receptor antibodies, Proteins such as nerve growth
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for restoration of tyrosine hydroxylase activity in an
experinmental Parkinson's disease nobdel and to primate

Whe@i7n4asi ng a humani zed anti-insulin recept orPCI/US2007/070587

antibody. In addition, brain delivery of the new cl ass
of RNA interference drugs via pegylated 10

i mmunol i posones has been denonstrated to increase
survival of mce inplanted with an experinmental human
bragioR, Yrali@eriveadlirotrbphi@fhdiok, 3 baﬁé"ﬁbroglﬁﬁlﬁév@tﬁ thdio of were,
recept or conj ugat ed nanopartlcles have been produced
Figlered to Iéx?é?fﬁm pliesANtEAYERGYS @gministreion by wsineg dvaatiriransferrin
M&EEAYBREHORE WHE 18er Y &5&34r61% d dha%lﬁtm %t%lie volume in rat
transcytosis, it can have drug very enefi
Wl%mm@aﬁ@d acelusion inodele nblposommlamphpdspmbmdnmd&gi genes

d
A0 BSEIN TR o IS vt 0 g
aplid'thlﬂHl g}ene+cbntam/r%rttnt1bdsd@1l-targefeﬂ |11E&£some§ tﬁﬂ%egﬁ f&ﬁg{e&cd% €at brain
b . Furt t abi | i
b Oﬁaesvar% Bt e 7 n‘wﬁ?w 5 BRVEY W%&%Pwﬁfl@ﬁﬂaﬂar@wnéﬁhsease

bbb daMabidy Q)Uﬂruﬁa% brato@npyt Iﬁt‘ﬁiaﬁlze%ﬂtl 1r1§ﬁ191vﬂege%t(fr%ﬁtll;dag
identifjcation of BBB endothelial receptors or ands

t ighitiong praw dekiesw f thginew chiss eRNSrinterererrstdsvgs2an bagmlatedd
| R lib6Rkicd RaOfceh B&n&ﬂsﬁ%@%ﬂh%as@éﬁ&% ick ﬂéplg&){ed with an

optim zation of antibodies that are internalize
aritheomerakineian dsae s keadelk dg eddidon, antrrgusferrigsedeptor conjugated
i t.0Si s

A S i G A i R R
bmmrwasméatm‘amr becragizeewitbiue il mscyasse iticawhavielieug delivery

nvent. o s i.n regard to an targets at
AR SR Bld Bradpo G et tmafiae Redatgubtmae omal
r epleesie Idtugts hemtghk E@pdsalblea5 rdi®ahd ReIANBE® Eoncentration of drug and

I t tosjs) and transcytosis.
BB B e RSB SS B, teidier gl 52 B neiase. Pertier the

Pabiliity it@Bina Wlﬂh@@tﬂnllaﬁl‘éh%oﬁ o AR G RAL 28O0 vm‘hout full trancytosis
approxi mately 124 kDa when inmmunopreci pitated by

hiyHeRToidE{os ﬂtﬁrﬂé@mfwatmnrcgdim wgio&@hdurcqepms or lipaweds that, once
| ORI QEIBall RERE Lhd G rﬁgﬁorpﬁm @cllt{%g otfnlta antﬁ) xﬁ%&lggl and for

expressed I n intact ra n arl es

hentienifation o pntibedies tat at ademiii&ted andyBrans@bsed, T&Edi\/t@ether these
R’S tﬂgaze as‘{g are capabl e of

ISR SPER B B0 o ER R e 01 oG b e der noninvarire

|mfﬂend@ge£drpg§1atoadewlnscFvA Accordi ngly, scFvA,

scFvB, scFvC, sckFvG 20 WO 2007/143711 .

PCT/ US2007/.070587. nd scFvK (SEQ | D NGs: 1-

res pec‘%l §a18)2P %rrcgatgic(}?e G?@me(‘%l’??ﬁ’?%‘ﬁi’?‘\?@“ i ig segapst tgjantibody

t arggstat (g baovdibpaifl b&sier, PEEiONIEHIY) Qé.r%ets {3erepRY&R IHe Mblecular
further enconp aisses an anti bod | ood brain barrier

t PATPLsSEY fo5 interpalizagion @H@??YE)S§3/§tdéfﬁnPW&Sl§d écordinglyahe present
aibégehn i @McRE tda B&%ﬁe‘&%‘nﬁﬁen"lﬁbﬁ@% t¥lecular weight of approximately

124 kDa when immunoprecipitated by human scFvA under non-reducing conditions.
The inventors identified and demonstrated this antigen is expressed in intact brain
capillaries. The inventors have further demonstrated that scFvB, scFvC, scFvG, and
scFvK each recognize and are capable of immunoprecipitating the approximately 124

kDa antigen immunoprecipitated by scFvA. Accordingly, scFvA, scFvB, scFvC, scFvG,
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5 approxi mately 124 kDa when i munoprecipitated by
human scFvA under non-reduci ng conditions, the antigen

wep@rasyed in intact brain capillaries; and (byCHEUS2007/070587

purified antibody bound to the antigen wherein said
anti body has the amino acid sequence set forth in any
one of SEQ ID Nos: 1-5. The purified antibody is
preferably an scFvA antibody (SEQ ID NO 1), and, even

maiidscpr K SEQUDNOL: he, Sefevved)atddgl udctul RE MEARA tiddd brain
conmbi nation with a 10 phar maceutically active

@ﬁ&fé‘ﬂ%éﬂtl@é§éd upon the disclosed anti body-bl ood
brai n R@J&dlﬁgly}tﬁéﬂﬁ%foﬁl%ﬁ%ﬁc%%pagéggan (JEIRIY)S -Bl%?d QJafnlobamer

cont en‘pl ates a net lvering a ceu
atenspertE Ghpenn auche@c&y@tsm in¢leddsi ¢an bnlagen hbeing b a’roldcolaﬁwelght of

t hod. | es a nisterin

e Tt P P R E e s ucing
acqglitions, ehie amgeﬂwdyesbaimn mga(arbralrSc@maﬁes aﬁ(ﬂ b) agRHEREC tibody
S one 51to sub ect such

¢ B bl PG R bR R bt fmigp S sSatchee set ot n any
pmwafmm Nalsi1ys. 2ol mﬁﬁe@mwaﬁlsaﬁa@r%s tah%cﬁilppé}filbody (SEQ ID

barrier to the subject's brain. P£ur|

aﬁg QOW pen e grekaspbly. é]he %E%Anﬁmbwywd in qqglbmaeon with a
aﬁﬁdﬂ@a@ﬁh@b]l?%%%ﬁl pofild. forth in SEQID NO 1. In

gener al hods of conjugatlng, I'i nki ng and coupl i ng

ant i bodased upan tﬁc)dlpﬂafieﬂaoubcmlg*rhimdl lyalacbameetrmpm&m Byiﬁem the
F
gfélﬁeﬁe@’fs)hl Blé Qgrwmhﬁtetg & meth tho g élellvgzglag)égg%)@ag%@cgwé}crléq@)é%pound
f aross Iﬁlnhimﬂtiﬁpmgmtr&s to eNaibJecBl whiac Elgﬂi an%ﬁl@@ hnsﬁﬂes administering
6 and Trail owchi k
DR PR ot ARG URE B8 Rishant bodychsaing an
t atremb mﬁtseqifen@easac@ﬁh iCafcai SEQMINOk: 1151%%9?'a€tfsuc12&9§he
28-37; Saito G Swanson JA 25
fbf)é? @u cstsydelinggy ofithe Pharmageutiol]yiagtive esmpouad a@v&srtba tbed brain
dlbaﬁﬂérftb 4R Lbjekeedn. TR O@rﬁ‘ﬁg afi 09}/ sz %%I%LE'(%§C|E—V'AE) arf&mdy

reduci ng act ivities,
S@C’Z)g thggmipegcid ssqueetd set forlhen PE@IBMNOAnt i bodi es may be
provided in conbination with |iposone, nanoparticles

or  OtJRQendANaMOABUSOfCBAL RIS, lllrﬁ(gr%g%e\@h%d(]m% aptibodies to

phar maceutical ly active conpou
pphepaidolngicaliy Actvs wpmapunide aes vmﬂdmlowomtherﬁetm ot exdntble, see, Wu

(A8 efl P RfBh Lo BHAR0 Br bl oy LB B pprsseniugnes. v
t HereCroh200a 8 dp; 2 MB): Bis7a46 and FpaicRA, I?;Eg EB]dajﬂSgwh}ma Ggman

f St Conbi ne
DAy B R b o B ol g rcpt ok bl domess, Cancer
Gamcen! Rmri@h 2003 Nﬁ?@(sﬁ%&w%ﬁt@@%ﬁaé%n %(q)ggme %P??m

Nanomat eri al s in_Anal
ﬁillvwlsg%tfgwgm@tcppju RRtipa vap rexgrpifleedisulfide linkages: role and site of
cellular reducing activities, Adv Drug Deliv Rev. 2003 Feb 10;55(2):199-215. As well,
the present antibodies may be provided in combination with liposome, nanoparticles or
other analogous carriers loaded with a pharmaceutically active compound. Methods of
preparing such compositions are known in the field (see, for example, Sugano et al.,
Antibody Targeting of Doxorubicin-loaded Liposomes Suppresses the Growth and
Metastatic Spread of Established Human Lung Tumor Xenografts in Severe Combined
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May 1, 1998; pp. 322 A-327 A). As used herein, the
phrase "anti body in conbination wth a

wWebariesseuti cal |y active conmpound” shall not beCT/USI00E0587

by the nethod of 5 manufacture and such conpositions
may be produced by, but not limted to, techniques of
conjugating, |inking, coupling and decorating known in
the art. The exanpl es descri bed bel ow di scl ose

anninaodefidizhi MedeYCHRE! ResSart 80, B4R 6349, Debdrhteh s, 2000 and Martin
c%gﬁ?n nt for disease-based applications.
| d

PARRELHS B Arahtical hangipey, Apehiial Edemivri Naoy dt Feneires,
Comdy Naves;ipgl 38Nk sbody. ! ' L -
egggitise Pﬁ 10 the.%ééggﬁggg?g?h&g?ﬁgg%gﬁ%@% 99?T2?g§wn
t oVl Rhermacertinafly astivaspinpeynd” pradibiloebe limEe@MPhESethod of

Vakdnath ngﬁg | of .conpounds obt.ai ned as,
gengraﬁ?sﬁgggggq%b a§§@§5§%§3%g@ﬁgﬁgmggggp%pngdg%ta:nmum
t Iof sorijygating,iliokingj douplrez anddiecshtptknowhén theadi | y by
reference to the follow ng exanples, which are

provid 'y tration and are . 15 not

i nt'endgge ?%1 @e Id%ﬁn{b F#}éﬁﬁ%‘?’ %{Sﬁ 8% W‘gﬂ%f ‘%11“’?‘?( VEFgrs that are a

f aghéad pomposenoEdibeabarbaded tyspliRatenk | idestif¥atiBE 8f dhch vectors
Large, . scFv Libraries

E hel jal Cel.l Surface.Usi , o
ROBE, g Bl (ARG UIGAY rgEminac ey ggl with expertis i
eftdi B2 hidbranalrhg 8AivEBARIBHOERIRS cofpRk @BEVR) problem.
BBB-resi dent transport systens) and anti body targeting
reagents (drug delivery 20 r), the inventors have
perforned validation of a %%3@hgégll surface profiling

or "panning" technique. This technique uses a

combi nstouszkerhplaryainbodimenai of @ompH IS oBtBRENas generally described
aqglbodlesp%acFv, FIG 5). displayed on the surface o?

y 800F apd, mthgasaceprding jp fhitimvestionarill be eddrgpodaaere seadith by

andférb@@o theldb Mv)ﬁng et ASwhith grequﬁ‘fi&! w%p(ﬁs‘{ﬂus%&on and are

this diverse collection can be'thought of as an "in

vt BeRgethi Be Emiing pif the) ipventips inoitfaskion. ant i body 25

cell surface antigen pairs can be identified in a high

t hroughput fashion. Yeast psdi{pgg | di spl ay has been

wel | established as a technology for the directed

evol ut i7pwisef PRl @f}émiﬁﬁﬂd Yh&eh bell o LN brari

di spl ay systéﬁ?iﬁ%o ves tet%eringes?%%?%?%ﬁ§#WHKSCFVLm””ws

anti bodi es to endogenous yeast mating agglutinins via

a pol yPepisr desimulpaspuglyidentifg)botimhrpis epdethdliat eall sBFadMProteins

2 ek ABAIE-r REThHRAANA QLRARE and G5 oDt dn SR dels

of 104-105 copi es o%gh gve%)%hﬁV %%&ﬁﬁggvgﬁg%EEQFIUEddwmy

sYFoAL dhaipegnéors haveipsrfpmmedrviatidation of & novel tell safapd grofike: or
exfahAagt It s 2 S mBinglol east .clan ;
igi'is%laté%ﬁfronﬁacﬁgﬁggp§:ofggﬁg?kgghg§¥y9 nﬂ&?gnégfhmn
aantippdiet(seinalF1G s Misplayettiorcke surFme of fst to probe the surface of
endothelial cells. The antibody library contains ~10° different scFv, and this diverse
collection can be thought of as an “in vitro immune system”. In this context, antibody-
cell surface antigen pairs can be identified in a high throughput fashion. Yeast surface
display has been well established as a technology for the directed evolution of antibody
and T-cell receptors. The display system involves tethering single-chain antibodies to

endogenous yeast mating agglutinins via a polypeptide linker (FIG. 6). This platform
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profiling of the endothelial cell surface targeting
ef fi cacy, experinents were perfornmed 5 on nodel |igand

weywrassiconfirmng that it is possible to perPOr/Es2007/070587

yeast cell-endothelial <cell screens. Simlar screens
were then perfornmed to identify scFvs recogni zi ng
endocyt osi ng brain endothelial cell surface
constituents. EXAMPLE 2 Yeast Cell -Endothelial Cel

Taegdts imte display af MIdeP cégigand ohRnThe, &f he GEds. @éﬂ%ﬁlsfac%fwhere it

t he. pannln et hod mas first investigated using

ot B} PITRG R Iton i spopplq ?hﬁ SKEpcelprcanyicommmayt. Ginoc.a mg]e yeast clone is
Shuﬁ&ttaﬂ fr&n\f llb-lrd'l"? Ofl&ﬁlbeale§ C{‘t %fS(éig §pln%§&{1 (grﬁ%lj ’%S%FSR}'E()FH(;g&SFor the

mamal i an cell surface sél ections
200 1ling 4 theggdqtﬁ;hal G@l]rml@ﬁapmtla@leeng ¢fﬁcz&iynexipﬁr1ﬂnélﬁs were performed

1 - o). Briefly the h
e N e o
arsell sqrequer Siswibr pereanFweedthén lidaﬁonnaStouaaﬁfﬁ:e‘cFWfécN hg

1 t | d det ed
|%€%§ kﬁ ?%w?§¥Ophpﬁf§@§%%§eéévgg%gﬁgomﬁannsng

success Yeast di spl ayi ng 4-4-20 exhibited specific
interactions with fluoresEXAMPIGD rat brain
endothelial cells (RBE4 cell line Roux, F., et a

R | at f t tid d

kol | ne. pnosshOrREE il PY st wie 88,00 i

b I d thelial cell J Cell Ph ol
255" THGLRERARL: FURLREb o L) seomutsswaers

f sdim-duahgelidaad kgtan (Weng X X ORRISAdiR & VT Tl @sx 3p
thrg(ge rounds. These high §cF¥%§’s§ﬁaymg

e?’ ?%Sgﬁnéﬂad%fnglg‘n &eﬁ PYface FRefiioped Ingupel Methods2905, 304, 30-42)
f (incorpsrated Rereiniif &L gﬁu@@rfoﬁaqﬂ ﬂurﬁ(ﬁgﬁ) Cafik tl‘éﬁ%&)ten fluorescein was

sensitivity and applicability to I'ow a
nEtfdrRa e Suﬁ?‘&tl@a and anggngfbrorasead) SCFAdé-I4t20CD waofiselirae the yeast-

f conpl.ete abl ate
P B TR L el TG e e g ermimg

oPanHE Supqcey- a\anlStﬁlSplﬁ’ingTéhé 20fekmibitad @Emﬁﬁ miteradtioh§livity on
th
C ﬁﬁ‘éljé&@fngteﬁ o4 BRdid ?I(ho%[la?l ﬁ%@(ﬁ% ce 1 Bx,ik Iemne? Ipl\églqghlation of

yeast rary contains ant
t Benmangbiahyd nranspngﬁdasél' el dkdlias bhc@f)hatzﬁe RSB iMBSrtalized rat

a%lnyrﬁgpovfﬁisel en&otlﬂehzﬂ rcneglﬁt ‘E{J?l? ng?sg;}l %?%339 21%5 13%&}%3; Fyand could
f M readveylrfiydom @r@@dabl&@@ﬁrfd@%?nﬁbﬁ@r#g‘]h@ﬁ%t% gga%t Q Bpi '18 Ly just

20: 4Mb, 3: nonbi nder m xtures o
a%‘ie r8‘&1d€oT§R§ﬁ$’€é qiligency gele RnwoqRiDalIs a8 74 1700 fluorescein

A T —
i PrelsBat(rgrporiars)4 @ dditien ofiGte ﬁummcemwambadoi Way B Rompletely

| t h t of
n%]atg gﬁgﬁ%slt ‘E@hg%\?\g@nsan it 1rm1n lbevsg)gc% ?ye(gﬂgéf%eg%gp{l 8 e

enri chment rounds '
The effects of scFv affinity on conjugate formation were examined since the naive

yeast library contains antibodies with affinities in the nanomolar range. The extent of
enrichment was analyzed for dilute mixtures containing both 4-42-0 (Kd=1.3 nM) and a
high affinity mutant 4M5.3 (Kd=270 fM) at varying cell surface FITC intensities.
Briefly, 4-4-20:4M5.3:nonbinder mixtures of 1:1:10° were applied to NAFITC-labeled
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(FIG 7). At 1,700 ligands per cell, both scFvs
enriched wth nearly equal efficiencies, 5 while at

W@ b@7i#7¢r medi ate | i gand densities, the 4Nb. 3 RBCT/USI6T070587

nore rapidly. In these cases, the final product after

t hree rounds contai ned between 15-25% 4-4-20 with the

bal ance being the higher affinity 4Mb.3 scFv (FIG 8).
This result shows that it is possible to extract

NMibhé By ePs BATS vahyaReSenditied Sluofessdifl Uk dC A ler 8 Wid ﬂ&ﬁ 1ncubat10n

target and _also suggests that scFvsS agai nst nul

afitd Gethe Wellhweks veashed to spraevggiop-spenifichi r%sTh?gflmﬁiageq}@

et BfhentTALLIPLE 4NHE WS XhalsAc8 Bvé’}’gﬁre% Corfs Llce!arﬁlc‘ﬁment rounds
panni ng sel ection agal nst true ? antl gens.

Aﬂ: 1607k i/etl1, B0rligerdyypef enll, besh scRysleanighed pmlhmem}]y @fuabefﬁmenmes

R N TR T

Btsex tHarfaiahprBduct fier threBi‘dﬁddS’@nﬁﬁlﬁé&bﬁﬁ@ﬁﬂ aistg%ﬂg? -288vith the
scEv ecogni. zi,n e | age-di spl ay,

¢ Fillep PEPET eenaliiy by 80 Bl Bl ot tabit i
NpdseibRavRk k¢t maspRyscko Eloh&eagbfﬁﬁrht sin{gl@@etlﬂ S‘aﬁ'a&:ftal%@t’: 2dSiso
that bind brain  endatheli al . Briefly,

sUIRERREY PRSP aeainptandtiple anﬁlg?nFm be@lmvlrf’@e%wﬂrlplmdarsylg this
WaSthodll XRGefétd thedRxd s'Eprvl/atsrt@c&Hﬂ)lEt‘é ra%aﬁfmé)géécﬂon ainst %e
endot helial cells. |f yeast cell "has an anti B%
atfioHigtial gndggns.o dn UBPl@itSéfF“ﬁgbfﬁ)r eeib@tlmd paahing of k geast mplay library

y@gssaevgghéd é‘sas?oxpﬁﬂ{jﬂt(? endot helial cells under proper
conditio e sur ace protein is at a higher
| evel, the binding may be nore robust. This all owed
t he yeast binders to be rdoMdPER3t 0 perform further
bi nding and purification. Specific binders were
subjvert!Sd ategy farr tritiioationtof BloogtBsah Badeédrer Bintmg iahd Inbeylizing
can be endocytosed and tranc tlpsed by endot hel i al
cells and to further i denti fy“25 brain- epltope
speci fi the first i
yeast - eco% igpd eflfnbl SHOnof Phags- Waﬁi%%%ra}egy dsiraged in FIG. 9
They «&:va]bﬁechwmﬁéw porefisnsAg € thOideifiation MRt vRPEMd brain
scr eglnhr]g HJSI ng . yeast-di splay (YSD) instead of

gl<ph Prlﬁﬂswwéetﬁatv@}wrep@e@n&ﬁdek §HGh thetsicRdlibrary was
dh*lﬁ(eﬁ Qithhi@ i bAClthd- 08 Sial LB B cals If‘){ éégtal% 1 has an antibody
expressing the sckv library; 1n contras
pageiist? ag aﬁ%ﬁf@te@roornmdgrbebalfcrﬂ@amewew ndl ¢an bnmimhdcalmhal cells
taige &lbRailifRr §p LY ders,

Bro?l on the | ow%ﬁg‘i‘:\ﬁ*gg 83 i< %%tgglgrﬁlg‘r/eelég%gln? fig may be

smgwapbltsb le&auweﬁohﬁyeﬁ%)mrsﬁ@‘ﬁb WSR2 ©HREBIM furdieskinding

fhtd r{ﬁr&ipﬁ[ ?ﬁiélﬁg%g ?flmie%sﬁjgcqgc[ 821]}?‘{11(5?9?1 {/ beﬁtégo flﬂgqnme if

bihay cani Hefenﬂm;ytcaéd amd tteylcytb’@ﬂibty cadqliciabedls @id RAuARY iddtify

100, 0
bral‘n—epC%ope spemﬁcny This is the first example of yeast-display antibody screening on

whole cells. There are numerous advantages to performing antibody screening using
yeast-display (YSD) instead of phage-display. YSD has a very low background binding,
due to the flocculin-deficient strain of yeast expressing the scFv library; in contrast,
phage particles tend to nonspecifically bind to mammalian target cells thereby giving

false-positive binders. In addition the low background in YSD increases the signal to
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on their surface while phage display anti body
libraries express only 0-5 Ab/phage. This |arge

woeoonas370f expressed surface scFv's all ows forPE€TD8196T/070587

identification of weak 5 binders due to the avidity
ef fect which could cause strong cunul ative
interactions between relatively low affinity Abs and
their antigens. Further, scFv displayed on yeast
S upofsacgioaBeteldelefditd loyfad eMihaRer AbiflimOd IR gndpﬁl% ik 'abllmly to
@ttllg&nthe BCFV expreSS|on cassette into
cs ikt Bwdivith low effinity. Teas exprassdranabo, QQ& §0d0,000 scFv
stoudmss fthcd WRISSHaYe Gidflay BR MP
Successful  Screeni %% gﬂay Hu ngg%ﬁ%gni%ﬁgégs b‘gb/éhage This
f GHEBRENbET PAeNIeRedd arfaceicFv’s Bllowss fog fidthenigsntifivation of weak
| YRR QIS PR mune, scFv
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t hetween tilativelydee mffindtg Abs ank dmllaﬁtlgens MeiirtReScPf dispkicd®n yeast
%uri%% t<‘5ar§‘bebeaks)1l %ducea & aﬁgngl gfotteéﬁ? b)‘ril ral%ut ng thlgas\cll?v gx%?er;smn

descri1 bed

Bicatsetehintol a se&]:(uﬂ)—eikﬁ@;sﬁﬂ vEAS0 Ihus '115161%5@&[1@?1 @tqdlgé’ of the scFv can
gfer nce herein. The library is conprised

188 P&t hat represent nmuch of the in vivo hunan

anti body heavy and |light chain gene diversity. Since

the library is naive, it hagan@igheen subjected to any
prescreeni ng agai nst antigen and thus can provide

ant Suaoebis 25 Sdrbéding i WS dhusl S 8Y §l%r«%8 ]f(;mgﬁ'l dothelzal Cell
antigens. The library has been successfully use

i sol ate panels of scFvs tHR&dingdilareswi th hi gh afflnlty
(Kd=1- OOO nM to hapten antigens (fluorescein),

peptid %ﬁW?ﬁ@ﬁ@o“ﬁﬁﬁﬂWQwaPPWQW@WFSﬁﬁdﬁphwnwﬂanmmnaﬂyawt

stpl$ fdrRasds thfd ru@&ﬂ*o?th@??u'd&? H@scﬂli)%dg f @QE‘B@E 1 %%tﬁocﬁ of making

extracel lular portion o surface recepto
( élrﬁhdlé thasy arpria@wn if tietadrand daertteen Jesciltuel byyegasFellKaus et al. at Nar

[ d.f
LA 9o L, B T AR

usomprisethef st\l{Og‘] dcBysathyt. re;BESeﬁf thich dfhie yeasthubdal hAiBodYPRSavy
ells, and the bindin

oL e Gy S Ay ol el o pien syied 10 any

ppmwmmmam@tpﬁﬁgﬁﬁbnﬁ(ﬂﬁustcﬁﬁ pRvIide raﬁtﬂ%@lﬂ:@ %t Bihd %Q}pdé’i? diverse
and 10 cnR HREFEW cells, respectively. The surface

at*8g° an&ﬁ?}&t rickas bsery igensylally wred :tceraglet@ panels of scFvs that
PbAg e = di ver.
poRGARSEMEITl 60 LSASTP g DGO 550D Bl i
t BAvaee @ge@xmhomryﬂ@noea)stamsscpmmrvtemmnegeﬁs iy s@Ricy; lafdl the
7/ 143711

g@:c%a%%%%ﬁg%ég%el acer lioeg%)gors ?e[?édeﬁﬁ?'}-\égf‘%g aqtr IRFRYOE) The

ngtt-EQA/&ggMQameyhOqueairlbédDmtmmjbwmedfs wtd Meartpréile RRBES rat
brain endothelial cells using the scFv library. Briefly, the yeast library was applied to
100 cm? of RBE4 cells, and the binding yeast clones recovered and amplified (FIG. 9).
This process was repeated for three more rounds on 20, 10, and 10 cm® of RBE4 cells,
respectively. The surface area of endothelial cells required decreases progressively with
each round since the diversity of the library decreases. Thus, fewer yeast clones need to

be examined to exhaustively cover the enriched pools. After just four rounds of
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to the RBE4 cells indicating that alnobst the entire
pool was conprised of endothelial cell binding yeast

webones37(Fl G 10). Next, the individual clonesP€T/OR0DTE70587

recovered yeast pool were analyzed on a high

t hroughput basis to determne the identity of the
scFvs nediating 5 yeast-RBE4 cell binding. EXAMPLE 5
Ef fi cacy of ldentification and Enrichnent of

REME4iBh,NBE M@nisee b reBowttadl yBhRMAR At eqi1®o tHRVBRLEN §F yeast applied
devElggﬁd t he %lopannln anti body library screenin )

it Ao HBhASER indipatingdhatabiast by ertaRpaelstasichmarised Ewpthtial cell
2bindink SedtPEBhesWBRS. 1 hng@kﬁ’ Rh% Bdividiaf H6nel QroXﬁlll?c ?&Egered yeast pool

library to identify BB-Hln Ing and 1 nternall zi
aneiclsoaly el onpy laginthaquigbprt basis tordsteinine slreyidérsityleftbe sdesimediating

3%$%E§EE$Ed?&nm§ Nat. Methods, 4(2):143-5 (2007)

along” Wth the references cited therein, is
i ncorporated by reference into the present disclosure.
FIG 10 illustrates the effAMBLBS nultiple rounds of
enrichnment using this nethod. As shown, after 4
r ouddicagf offdertifiagtion dvgRurigément af RBE4-Bindpas Fy & eld Biopanning
retained by the RBE4 15 cells conpared to after the
t hi r d Flwuneentdesdevemped tik inptnrahg arvbodhkbranysateeniag ficthod based

p l.ati s, recaver r,the fifth round .
ORIt Bhdae e iucl SR FERARTE 2, s drbrie o8 B8 Saplist gpe
eMSDg;EF\t Bbragyub lideatify' BB B ®iIBE dhhﬁﬂ%&ltiiﬁl@arﬁimsililes. tPreparation of
resubtracti o rrnments agalnst o er ce ypes
ofhe SRtk RekichiRed blMange! 2o e ofelbadb 2k - 1280 Which, along
SPRR tHel réfcteYices CREd Rty & Mcorﬁ&’é{e@ &g adEreRe ihtlathj’:ér%reﬁ{ %sclosure.
elo f 10.

is listed in the table int r panel o
THE - df illystiatys the cects plempitiplegournids of ¢rnghmenttusiig lohyis tiethod. As

i i r f lihra f.t
D53425003, S0P AT 8 s
f ealls chparedymtafieethe dritd rolind! - Br ey, alyeasdll sftthy dguttyRest population

sane. EXA E i.oh Thr.oughput alysig of RBE4 |

Bl i ieﬁ‘)gveﬁgf?b& ‘gﬁ ?"f@é% iggicHiing t%A?% m‘@g% ﬁésceﬂawaw appgrently

ofnotifieto ‘PURBLO T BBB B ahll $HeQRsiBFackibh Bfefitd-AE a?éinst other
results, shown in FIG 10, the inventors stil

th
n‘éei‘c}é%“é’f FRAGRSY WOt e frsedo pefiserifoy bragyspedifieiie Theiregeesry
| peréchigh bbheN¥rarn ReLRH N B tébﬁkein'tﬁbvlg{%loﬁa%eldcﬁ’ﬁd}pﬂf gl'h% efficacy

met hod to allow the high- throughput screening an
selfhemethag isolugatediby ghecingngesing Beaveryl gerceptags bf e bibmsy after

. :
R o e SHER (LT PR pony 4-4-20
2007 s1ysd the smaT/ US2007/ 070587 11 A). The yeast were
then transferred directly to a 96-well plate
cont ai ni ng RBE4 cel | EXAMPLE 6

High Throughput Analysis of RBE4 Binding Competent Yeast Clones

While the capability of the inventors' panning system was illustrated by the results
shown in FIG. 10, the inventors still needed a method by which to rapidly review the
clones in the library. Therefore, the inventors developed a method to allow the high-

throughput screening and sequencing of binding clones. Briefly, yeast clones were

grown in a 96-well format such that scFv expression was induced on their surface (FIG.
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nonol ayers (FI G 11B). Subsequent to appropriate
washi ng, the 96-well plate was scanned by |ight

WonR@resoopy. Yeast clones that truly nedi ate bPETUSZY07/070587

are sinply identified by the retention of yeast on
the RBE4 cell nonolayer (FIG 11C). To ensure 5 that
endot helial cell binding is not sinply a result of a
spurious genetic nutation in the yeast strain, a

palrlal)] &he paad \eerasten tasifaebdufiiebly Heastlwal b
car bo Ff&ﬁﬁlﬁi t hat_does not allow i n‘gl,ucﬂ on %}gﬁm&gr—lmm cell
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f MUt Yo dy and noni nd

o1 e R R g AT EPor BERelf Shasion in he
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I nders. I ed, col on PCR

oo SUECNAEE el Pl BBE A b Seongonrtaragineseps, e
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Fv- encodi n smd was anplified directly f m the

y y degiongped Yaf @G # 83} r Thetnioabindss glomes it fdu yeﬁh et for both

e & &idtn%n%eﬁrg ?? b YeadPmtahfs & e?e?fde%d 1n H? Spart?cular

show di fferent dig ion patterns or
( EfTesn apgl ahbindipg ‘ﬁ%ﬁescgt‘ Wdléleén Eacenihk Iyeasgbméambvlex;e identified, colony

iRbi4s Rr i e.to
FFoquent oocurreqnarar. ord e o Gatl ' Bapnfino 11m)
r 86BNt whveneadinggdynd hav amplific e BBoMIncgastinnmg

t du f h
LR R oL PR PR h ka5 o
d phoa‘cdllffyresed}g@nom glateenth drh‘ﬁ%gpﬁiafk (F1E. (PII;)Q iURidud %@F\{ &1b64 will
. sumary of uni que cl ones

e“ﬁ?@B. eggg‘t (arﬁ"f??{%“ttr %%Tcélog e s i, fropment OB of the five
Summjtxyle B5tNBiredighigios Sifey S¥RYY BRIng Unldde Bjs&l'cﬁ e@tugn%%e% subject to
sunmar i, zi g)l ndi n of scFv variants. % !
d3Eenee. t&glf ICROI?rO of wach plege ﬁﬁwtlnge@nmgm@snemn p@ftern was
t beecR9Q 7 '

o) Q0queh@Aa8d th g@Qnth?% rﬁﬁ%ﬁlfﬁ)g bggl §EA§P Zl;lgiarg éﬂd‘\

clones are |listed in Loy

s SHEpMH &f unifee deres isprovided indhstable shevmini F16. usages ar e
clustered together. scFv's in each subset share high
sequence honol ogy. Hovvever rﬁ: Q@E | ess of the

honol ogy, CDRs varying in0 1\)?} am no acid may bind
different antigens and thus, each nay be unique

bi nders. Further, %Vlewrj@fﬂim‘ingkaﬁw%rhﬂund t he sanme
antigen they may bind with different affinity. In 27

WO 20%G14§%%aﬁgﬁdﬁ§%9ﬁ 4 &K@ﬁ? ot sc%gqraltlang%@s Eyﬂgzgotoldate a

be noted that sone of € SC ear
tﬁ{g,l]@ 100 clages have been screened. Of the 2000 clones, 1760 bound RBE4 cells.

The binding clones are listed in FIG. 12. The clones are organized such that the scFv’s of
the same germline usages are clustered together. scFv’s in each subset share high
sequence homology. However, regardless of the homology, CDRs varying in only 1
amino acid may bind different antigens and thus, each may be unique binders. Further,

even if the clones bound the same antigen they may bind with different affinity. In
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cl ones screened. This illustrates the power of the
hi gh t hroughput screening nmethod devel oped as such

w0 a00z/137nder s woul d ot herwi se not have been deP@€rUSWNT/070587
EXAMPLE 8 5 Identification of scFv Germline Famly The
germine fam |y usages of these clones are sumari zed
in FIG 12. Unique scFv were clustered by honol ogy.
Each class of scFv antibodies differs fromall other

Ch&Bs®s 1tbhotﬂdl b@h(ﬁtédﬂhﬁﬁ PR BRI R Qﬁ@e@mrﬂ@o%'a%ong all the
hOﬁD|O% z@g %%ons were flocused upon for

deep ée%qdaQ “E,ﬁtv ROWsHAY therhigh thiaughput ssreening method
| bdrefip¥d béaich 3e bindird $ QQFShhe?QQ E{RFB% botfdRfctigand the
facf Fhat CDR3 %fntﬁe gH and VI © ayvgbﬁgf%%E%?ble in
det erm ni ng bi ndi ng speC|f|cL&% and affinity. Wthin a

cl ass, CDRI, CDR2 and E¥8ani no aci d honol ogy)
of VH and VL all have hi gh honnlogy FIG 12 also

shovs that 'ScFv A raniiBfiauy 8Bk Pafial y2ed

clones. This woul d prievent ana ysis nor e

cl ones - —
o ore TRkl B48YL065: SENELORA 5O il MRIGS, i

t AN veRaiFlystered bn hamelogyy Bichredass ofsicRy antibedies dififers from all other

tblﬁﬁgégw&{trnlﬂﬁilmg% u&?g%@ioﬂlm BREA o | rm ol X ﬁ}?qgl%R3 regions

cl ones from ound o pannln
anateyipededigpangot dlﬁfmlrrgmldssrd giveh tltdlﬁ)nﬁﬂmtmﬂ:l i€ f&afy Bbrary that

t f n ew Cc wer e recovered
R0 G o 5 s S RS MU S g o
C%indﬁfe&hinﬂfgsolndmﬁébewﬁbw ﬁleQﬁﬁIt}Q N ShinGMRsH dlﬁ‘RL R®R2 and
enrlched round soo m i'ne origins of

heBRy (F8tYe pmitetaci oécmyé of ‘élj. a0f Y1f dl havh élghémommged FIG 12
ChIgNGRDwalSat k(ﬁﬂ/‘ A#EB dI atn tﬂ%n@&ge& é’i@n 1%%&10(1% nprevent the

J) consist only of th e eavy varia Ie re
Tﬁ@lb@ﬁrﬁélnéltr@dﬁmsho thedihyembvgs ﬂ@aelonpacpardm sitn Noythera bdrfmng method to

1ﬁlqpld§nt s&%BA q{uﬁ] B' aﬁg tl%%%}{ﬁlgze HaoA f;\DISE éfe ng?e\g hﬁ higth

al rgnment of the sc 1oh
1@rowghpweimainmient of the scFv D-like clones is given in
FIG 14 and 25 an alignnent of F with the A-like

cl ones iven i.n ndi and
I nter n%:tﬂ?t%%tfré 190 ag i’& Ooéfkﬁgxﬁ Ege &ﬁ% E%ﬁgafilﬂf‘g have been
PRl yJSP2 007y (thGﬁéiHod W the 34 ieiqlicesFvd identefclitnn @, 6fly b8y clones

east |ibrar an,identification of t he
bY I RG eFOR %‘P??q e sueSheen PARYEY) COLYLratignt feany unique

r €lopts re8ait ﬁlﬁihe ehechsd Fouad a@abld TR gefthiBTetRiging @@ the heavy and light

Ther fore e ScFv' s(yere al so examned to see if

t Y]aég? 18 cﬁgl(&ns gr the recovered clones are indicated in FIG. 12 and two clones (E and
J) consist only of the heavy chain variable region. The complete method allows for rapid
analysis of 1000’s of BBB binding scFv clones. A sequence alignment of the scFv A-like

clones is given in FIG. 13, an alignment of the scFv D-like clones is given in FIG. 14 and

an alignment of F with the A-like clones is given in FIG. 15.

EXAMPLE 9

Binding and Internalization of scFv by RBE4
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internalized by RBE4 cells. Because yeast are too big
to be internalized the scFv was 5 produced as a

waloabs¥xiprotein in yeast cell culture. To do PEii/ES2007/070587

scFv gene in the YSD plasm d was subcloned into a
secretion plasm d (described bel ow in EXAMPLE 10) and
the scFv was then secreted into the yeast cell culture
medium Briefly, the scFv open reading frames for

sever alwgif h@& SloFMS;
3}?3 c{;régex p reet ssi gtn sygitcg r%lfthﬁgte;% |h‘e9ﬁ§?b%gyr? %tﬁ gg gqehpﬁ?a“on of the
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1GnieMalizdldl QReref 0o a8 h I e or
T VR AR A RIS R Tt L AT A Y
E.INfernaliged dly RBE4nQ§He aEmagsetyltrest smao@bxgrtg/ be ﬁ}&ﬁﬁalizyd ok scF v was
S 1ag rodycti o
ST PR AR RLRSROh S st oell Bt R deithe SeRveme fuge ysD
1@lasmTthgs sub8hukst iato aEs.eMetloreplaSiﬂud (de¥e@selt bRWYiR BXAMPBLE 10) and

f surface dis evel s predict thernal

TPy U RSB b £t eyRobie meeriatbyBricfsn e seoppen
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c YRR R lexplp PBiféiVarﬂﬂlrlﬁeésc)FVtﬁSbtstadEﬁé apl. tlbnp&ted

tagolﬁ@cr W st LR £ r
nnl ; n hes TRt S%rEIt/gésll %gepﬁn% 18 ?15 gchnol 2000, 18,

;
(t 6?) fay 1 E. V3 qt abyp¢TBRstnigribe mqreamo Icalpcllt)abf'egcﬁ'dEmezﬂ@S cerevisiae

?gtﬁ\&ridlk?(g}g?nﬁ%gﬁer %lﬁ%ﬁ%ﬂ%ﬂgn‘s Natﬁ? geg"l%x?)ll ?5\# ig’t%ﬁz 7

RSEusta; &Y setzd, m—semlmn@hdﬁﬁmohhuxtfefteﬁ&p&9|ldilbls§>réiﬁéf‘t’ﬁ%rmal

d.str | RBE4 cel |
couFlﬁ)g{ 358 gﬂ?\rll\%gﬂoﬁlaqf&z’%bc a}éﬁl] | AR g?%e?%ngf?lg“%}s H@?S system is
Dr@utatqd @a&xgalmeslaﬁviﬁles@@m% pll%hfb@ér Bed Ineluﬁggfc4teﬁﬁin£15c-myc
wer e, not lnternallzed The results of

exfblEOPF ARt S Jysiiding spatape tagfar pwificadorbot t om panel of
FIG 16 and bel ow. Several of the class 1, 2, and 3

scFv WEICe 16vkdviaheebshiroftrt@iig BOLIhTIY sdre s%ﬁ%‘o%&ylaalgde gels

\clzﬁl | ul ab |Et %rnal i zation. The scFv were pre

PInPTY: adheshibitinganapproppate sig forsplV'tyenging ﬁOerS\ﬁde)s with
BkvAlSBRY f\Qry rec r st

an renldocyt os?ﬁs%mgei%rgqm&?zég Sh(g vﬁ\s\i:graelf i‘ﬁ Eﬁﬁ{%&%eus

t Bere lghelg vREEhesseblubleat FvsCthe - gnoep shovelstrony 1&@&&§ of RBE4 cells

I ntI he, RBE4 cells were shif
3%{%%"#‘%15@%%%%‘9‘? i, Pnd th%Bﬁheri’aeéﬂ the,Dagrowry 5F 73 ndi sa@vF showed
(FIFIGBg td RBEAdelRMut wéieafs)ts1nif:r1$eﬂlE¥dA TRSedRP bfith¥se exper1 ents are
%@%&{}F‘ZF lznetglmhéo 30 uI ar structures with Iﬁ

R ALy 2 OéréBa”@ 2 leadlslomd ¢l ass 3 scFvF

29 WD 2007/ 143711 PCT/ US2007/ 070587 bound the RBE4

sur f aceevbuat ofthelclawstl, pr amﬂBtseF v Wél%feﬁ}ﬁ'uétédifdr PhRir a@ﬁ{@ fPhediate
-4-20) exhibited no

a&tllgfar‘ lnltjegrrla %%t?oﬁ eT he '&gli‘ Y @geldgaerkﬁ b thi antirqaesic epitope tag
antlbody to provide the bivalency often required for receptor clustering and endocytosis.
The dimerized scFv were then applied to living RBE4 cells at 4°C to yield cell surface
labeling. Subsequently, the RBE4 cells were shifted to 37 °C for 30 minutes to enable
cellular trafficking (FIGs. 17 and 20). Class 1 scFvA was rapidly internalized into

vesicular structures within the RBE4 cells, whereas class 2 scFvD and class 3 scFvF
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internalization patterns, scFvA and OX26 do not
conpete for the sane transport system In addition,

WO b@7tiemsport er- sSCFVA interaction i s not sensPCi/Us200T070587

gl ycosyl ation status as 5 degl ycosyl ati on of RBE4
cell's (mannosi dase and neur am ni dase) prior to binding
and internalization had no observable effect.
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apt i.- nou 19G at _4C foll.owed by Al exaF|uor 4

B BREE, afpnhEltEa Bttt watpem i podS feany may be cquall
pﬁfdﬁﬁ@binlﬂréﬁbm@nnbmaﬁmﬂl n (SAP) treatment. Merged

i mges of the 15 Al exaFl uor-|abel ed i mages are shown

in Fi F A ed bo ce .and

|t r 2P RaPa o oo oa R ble R UAPeA R S A, ScFY D,
(§cop 4leD6 (dimbezeditd ﬁ@%te(ﬂe%td?‘cﬁg{eﬁ))g oﬁéﬂ‘éﬁ‘lﬁlﬁd for endoc tosis) or
treatment In contrast, SCFvD (top right) exhib c?]

oRikyo W%l@l@l petorly At Grfoncellsapfars lanhng anchien shlfrdrdauoé7°c to
PPERES: TR ST Tk ctneefe b e At ARGULOT 35 gpyueca

i atiemoaseilg@dt 496 follyesd yuh kxaFoerdGs wog sgamd dntinméuse IZO with or
I cFvD a cEVE b t he RBE4
B B35 5080 B BEBb 8RB, b o
pAlewaFlocﬁr lnlefl @t ienges drhglo@XZﬁ FidARO.( SUFGA &gxblﬂa@b&tﬁ @hﬂf&ﬁ:ta}ld
e strated_t ocyt se and transc
e P R SeEl R I3Tas With fiop 1) 4R wHRoTh op guidle

Asipoiath @datmichip Inlobnthd HAYD (ﬁﬁ}&}l E}Q:Hl%bﬁ'@f éhly MIrfaBSlabeling upon
illustrating mcrogr aphs of dua | uorescent stal ning

ofPRBEACHMGEG ndicecrar 1o lahiehing wghﬁp’e%Q eangrobsolidli(brgtosmuight). These
| REsRRdit AR ORFY R afta j!/: ‘iﬁtée‘ng% Bﬁla Iuiarc' t?wiurgso\;vlthm the

scFv D. The inventors erm ne t c ass
eXRFEbrelbdwhereassgkvip prmjsicﬁgF bpupdahe RBE# suréice batrdid not promote

1H{%%{aﬁ§£t%t A%r ﬂ?)lﬂ{t 8% ge?s ttl?er(l)ﬁ'h_ﬁ %Ab Ff'G iogé(r)]gt‘dm E:%It has been

class 2 scFv
a@ﬁm@xﬁrm 2] e}adqcﬁ'tdsg gt lhangqemse cwoss breie endxnbﬁmt ¢als iioW& o and in

O; | d f | ahel
258 Pt 0 S 4R S MRRREAR s o
Sm&eﬁﬁwﬁlmmangﬁdcﬂv@|sh(Yw1@l% %ﬁélf‘ lgx?dmg’]-%drlMemahzatlon
2?{e %Bafflmty of cl ass

Cf‘?lie‘ig‘??’ Eeells oy s Yds87  as a m)norrerl c protein

coul d not be determ ned using this nmethod. Instead,
the  The inventors determined that class 1 scFv exhibited a clear binding signal with

either supernatant or purified material at 3-4 pg/mL, but class 2 (scFvD) and 3 scFv
(scFVF) required approximately 10-fold higher purified concentrations of 20-80 ug/mL to
yield cell surface immunolabeling. In terms of binding affinity to live RBE4 cells, class

1 scFvA possessed an affinity of Kd = 82 = 15 nM, whereas the affinity of class 2 scFvD
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i nventors eval uated the binding properties of scFvD
after predinerization with an epitope tag antibody

W@ 2007d#37y1 = 2.0 0.1 nM. As a conparison, theP@Ff/UB00T/§70587

of an anti-transferrin receptor scFv isol ated using
phagem d panni ng was neasured to be 135 nM of simlar
5 affinity to scFvA isolated with our yeast panning
system FIG 18 provides equilibrium binding

atas minbunb &Brio prosedirvdldnet bs GEFindd@ingthls mdRdie m@dadFhG
18 dquirCt s.th i nding i sothermfor scFvA interaction

wi PYED[Ts, avauated thebinding prpﬁ@niﬁq ftscEH) aerigsliménization with an epitope
MApaRIbbEy @Uidicl 016 v hiNegi il i i i
exper | ment (21 zat a from t'\f/jvo&éi}an%e e%g%r’rl?wgggléﬁyioﬁgrﬁta%t.‘ transferrin
THECCPiog Rt Vpsahated wiingphagemid pariivg wesmedserchitmbié ttH M, of similar

I Sethie s dl ' ' tion wth RBE4

cell s.@, tThe pl lg%lgggm%yﬁgégﬁ%abghggﬁge%neri c

equi l'i brium binding functions used to generate an

appar eh{CdlSsnrevidss equilibimn pindingrattribxtoeet stBvd ahd st&vB. The left

f e bveid N ( ' . Jhsets illustrate

¢ Lo I, 1 RBRe P RRE LR Ry s A st h e rpEa cet,
gdihie plet shawsehdfittadi mepommerie equiliBitus bindhg fesivhd snd experimental

di;sgl herein.clearly indicate that yeast culture
sgr%%rf%gfgvr?t ‘§depf%deélg%"l’6fé%ﬁ%%djf€% 1 PP%FS’P IG. 48 prayides the binding
biisotvenifoalimerztisoity 5 inbdriction Woth ABTORAN €hd 18t shbw S the fitted
hybri doma- cuoltl)ditign@d g}éldi.um as a source for NMAb. o
FUrther. ' fH& " SUROIRGRE BECToms ULt cergsptc pm eRareaatlinity (avidity)
t nadsfperimestldhieGord $W6 thdbR@dem epetintats. Fhkishingd gl

epi tope as descrijbed in %?(AI\/PLE‘S 11. {éxzf&/%tﬁgh‘%ya%mﬂ"w

| HORSEY gmograermth%ﬁvem usgéh {4 graprgicfthe bindiRg clivemssess t he
nature of the antigens recogni zed by the scFv, the

I nvent Ok, tHd@yalto 8 y nopreci pitation
procedure. They ﬁglgﬂosggg%é ﬂdﬁlés/agl?z{lﬁl%ggﬁgﬁ%\?ﬁt%ﬁure Stupernatants
dr#ea ysgd disgrtisi derr facilepiiochemice hiestinggiaila tphmpssmehasahduane

apiy ) ) .gent -sol uhbi |{zed,. biotjnylated .
R h ibncdShERAER § Sotrettr R SrRhlo Sl Bhe pitiea
i Fnkhsprevidgranapdronudierdsing|iee aleainehit hietidih bpi@p®hs described in

aﬁs(iA%l{"LSEM t hout any additional subcl oning,
production ‘or imobilization of scFv proteins required

by traditional inmmunoprecipitation nethods. The

i nventors assessed the i murgypsel pifpat ed products by
anti-biotin Western blotting (FIG 19), and the | ow
anmount of background in such 31 WD 2007/ 143711

PCT/ US2007/ 070587  BI"BSPiRa€ & it ¥ eetesmsdreatvr of the

specificity of the i munoprecipitation process. The

ant i gehsasseptheoptuee pfihe antedndrecognived by tisokPA theliddentors

k&@feﬂ)ﬁ&{ £ gé%?%astsigl\ﬁ%fn%{)relcglrt%%n procedure. They used yeast displaying
scFv to directly immunoprecipitate the cognate plasma membrane antigens from
detergent-solubilized, biotinylated RBE4 lysates. Conveniently, the use of yeast as the
immunoprecipitation particle allowed the sizing of antigens without any additional
subcloning, production or immobilization of scFv proteins required by traditional
immunoprecipitation methods. The inventors assessed the immunoprecipitated products

by anti-biotin Western blotting (FIG. 19), and the low amount of background in such
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nol ecul ar wei ght bands-reduced), class 2 scFvD (104
kDa- nonreduced, 117 kDa- reduced) and class 6 scFvJ

W@ 1@2/1kDat nonr educed, 127 kDa-reduced) were di BE€T/H81007/070587

(FIG 5 19). As predicted by the honvol ogy-based scFv
cl ass assignment, other class 1 scFv (scFvB, scFvC,

scFvG and scFvK) vyi el ded i nmunopreci pitation products
identical to that seen for scFvA, and class 2 scFv |

| bloes Wwirai dirbsiadiaer §fkhe §edisisity oSEE Wl PR dﬂ@ﬁor?ﬂ%%é - The
The nuléwgle bands appearing _in the reduced sc

cgs upigepopiecipiaied By slags WeFmAL(hest kRmnorgeduceds sovgral Jaogr
S ﬁ%‘l‘dcﬁla@ @’Hg}it &Yldsﬁ?eﬁﬁc%d) (épdsé YRR 64 kB tnelﬁrletﬂﬂ:e(? f1 l?tkbg r

blotlgglated 10 nembers of a protein co
p&slEEasl) pndhelpssioprBvispa kiPa-oompducgd g7 k@y—rbrmcert) outtre distgnet (FIG.

A r en_s were identified t
IR O R B A RS T S i G e
t (saRspocker, SCEJWGJBMCFOBQ)Sylélﬁed invhhopte@ipiatiditprbdfetsSidéical to that

S04 ALV AL B el se Lol il

nehhioditpesanddgihe s glia theatbiRVE St FVAainf R\ ésptﬂifat' WheQith the
scFy clones that bind specifically to RBE4 ce § d

81858 IERBRIESH pedcally by sk iy € o-impmaomsecipitation of ﬂbharhlqtns'lated
WafdhBekstoPa pRIN A &b IBL: ﬁﬂg%ﬁ]gﬁ?gﬂ)efcifﬁdan iPens lflrlxatylf)e occurring.

al so bound brain ‘endot

Theewdingly, scFv-awagenrestess wene idantified tat prefdnt Horieh adtiboie blood
a in culture was_al so present
oo AR e G oo v255 r Rl

t he assessnent of scFvA target antigen density and

brain | ocalization. SpecEXKAMPLE]1the |eft pane
illustrates flow cytonetric assessnent of antigen

density on RBEffiadeli el L#misithe BeavsVescuiarure 6CERS Or

nonocl onal anti body (0X26), Ig&a isotype contro

(not sﬁlmm;h—tm@huutmhmsmdm fap nibovkdnle Idesiliatib & scFy

a 0 4-4-20 cFv wer e used. at
O S Caly IO RBER erand v G ehdgsaloedipasi Yowever,
| the 25 cototbewarttal toRkefiel thetdlored fHRat ficiah SuMire 8186 bESA brain
h‘y éPe relatm%e nunber of antigen sites present
OB s p o TG Do Ay seuY By reiiray kst en
Th@efeﬂﬁ)gl/écm IrORMtuBFas o PP&Bit oﬁtth@ﬁﬁf)@%hmglfsl ¥ vRof %ng 21
%ﬁer | evel s than that found for scFvD, and P

he prsatsmente! sebs faasd antigen density ﬂmwb,tfaewlmaahzatlon
r Bic d
e A s
wWRBEt ells3 Anjigranefomin e Gpiok nﬂ(ﬁ'ﬁtlbﬁﬂ @ﬁtmdawexm IgG2a isotype

6%&8? L8 SeEVAL nt.er E nSIII t

y COS F)a% 5:3 SRR rl%\%dasﬁ Weé’tZF o 83 angeprer dgqrized

(mnnb%lﬁld@SeF\aWdreI’ﬂl@d:ﬂaaﬁhﬂigedaé‘ttﬁ}atlﬁé bédcchttutibhN@i RG] RBE4 cells in
onerKagle ef f ect

NGB Glak & Qir&er Comparlsons of antigen density. The relative number of antigen sites

present on the RBE4 cells was then assessed by flow cytometry. The scFvA antigen was

present at approximately 3-fold higher levels than that found for scFvD, and 5.5-fold

greater than that observed for the transferrin receptor. Also, the OX26 monoclonal

antibody did not compete with scFvA in immunolabeling experiments, nor was the
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The right panel of Fig. 21 denonstrates that ScFvA

preferentially recognizes the brain m crovascul ature.
wW@ooroexi zat i on of scFvA [abeling with the hiRgil/ys2007/070587

brain 5 capillary-specific lectin, Giffonia

simplicifolia agglutinin (GSA) was conplete and

i ndicated that all brain blood vessels express the

scFVvA antigen. Frozen rat brain sections were

c Ordnajinetedc FuiAl itesa Ryrschbifmg® latfbniAQ A i

ar]g% £e1§r ai n endot hel i all cel })cogrfé?kélr, @A#E?Qggosﬁl)atmn of

(i Igg & ’(mgrjn_os A Ged neurgmmidse) paonterhirding rdgwsobservable effect.
i ndi cating the overlap between scFv and GSA-FI TC

| abel i e right RAGITESE. 21 AeHbRWrAves tHaf ﬁ@%%&fe&ﬁﬁ%’l%yi&é%fé?ges the

18} 20 did not 'ﬁ%i el d any. | abel i g}g Simlar resu

o BB JEEFOY B FulaiFs & plogdlizaticncafiseiien lahelingfwidhsthe Riighly brain

| sepiahstpeant ldeas,i 7| NHoli i e ranki
of._;é‘m‘? Zn dens tﬁ%"ﬁ bty B8 DR LABGRIE ana
| & ?%t?ﬁgfhﬁwléﬁ@mb aed VEssels exnresd thehmmFvA etign F¥Aozamtdt §8ih sections

densd ty 1l ' s hi r thas, that for the . :
transf elrapiélﬁdltv\gg g%% (l‘?g%?g Oﬁg%é ¢ 1)?H%t}’§2’5‘}‘% epylpthelial cell
ST Ly e b5 e da dert g Laiain

i LV
b%ﬁ?@pﬁgﬁéﬁg sehy Q}%é\flbsalg—ﬁhlsq kgelg}gt ﬁ@ Eoptyagt tgché/% drdlevantgcFv 4-4-
or2D glildru_not yEXAWRLEbeliRg MBintilak edsSitsaiide MalcRRd %r%s% brain sections and
f ?{els}ﬁwi ngdt%rcov. des 3: dfﬁt ai l %d‘ descri ption of the
matert al s and et Hod¥4 ytPrihdy therarkiag plomesigei duysity for RBE4
exalpte qsaiativeNbeliRDin@nent indisted Ibﬁﬁ%& k«%&fmi%%ﬁ{eﬁgty in vivo

Iibrﬁr¥. The noni nmune human sckv rary in
y 848 fgherfhandhpt fopda transfesRngecepton@atiiot shphwn). €T scile bar provided

hi,s: i 2 I 1, can, wa r own
v el RERSin )y 1B o SRR abegl T il
nicempent dfdsen tisud igéiko amishmmped sl dendokiblikPoriddh L
Na2HP04. 7H20, 8.56 g/ L NaH2PO4H20) plus 50 pg/ni

kananycin for 24 hours 25 (%&Q@é&). Yeast at 10-fold

excess of the library diver 11@9) wer e

subsequently induced in 500 nL SG CAA nedi um (sane as
SD- CAA except dextrose repheacied dy Mgaddact ose) at 20 C
for 22 hours prior to panni ng agai nst RBE4 nonol ayers.

33 WO 2RO / 0 /07%87 Panni ng of scFv
library aga?‘ﬁ;s)fl%%é@@géd? %H?rgo%egfr opof th?ﬁ’éat?ﬁ%@anidé’@ethms
br@lized entde foregding exaelple dettivmswas used as the brain
endot helial cell source as RBE4 cells have previously

been dgpRast dafng]?ictgo di spl many attributes
characteri stllgc 0 tﬁeO E@%l}%}/na%i vo. RBE4 cells exhibit
a nont ransformed phenotype,
The nonimmune human scFv library in EBY 100 yeast8 (a, GALI-AGAI::URA3

ura3-52 trpl leu2« I his3+ 200 pep4::HIS2 prble 1.6R canl GAL) was grown at 30°C in
SD-CAA (20.0 g/L dextrose, 6.7 g/L yeast nitrogen base, 5.0 g/L casamino acids, 10.19
g/L Na,HPO4+7H20, 8.56 g/L NaH,PO4°H,0) plus 50 pg/mL kanamycin for 24 hours
(OD600~10). Yeast at 10-fold excess of the library diversity (5x10%) were subsequently
induced in 500 mL SG-CAA medium (same as SD-CAA except dextrose replaced by

galactose) at 20 °C for 22 hours prior to panning against RBE4 monolayers.
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5 express typical endothelial markers, respond to
astrocyte cues, and exhibit BBB-specific properties

WGe w181t he expression and correct |ocalizatiRPCI/us200He70587

tight junction protein occludin. In addition, plasma
menbr ane-| ocal i zed transporters characteristic to
brain endothelial cells including those that
transport glucose (G.UTI), large neutral am no acids

(LATI ) Parauin} of1soFv [iragnghiastrRBES @UeRdrdlayersand t hose
that function in active efflux at 10 the BBB

b a0t KOG vty Fidaeft o THRE e o e i gl el

amhrwexse{m edilshvechresowbBsisdeh ded omraiél w&kp{%y B&%Aattrlbutes
weregéFeded on col |l agen type |-coate

?qterﬁrlap © SBBioygvee R ety cthifit @w@ranq:ﬁommd %motype
p@ﬂﬁbsﬁ@ypléan gﬁﬂb%h)ﬂerﬂé{(erg erlasl,p%néﬂo %goé}% aﬂ.\ ?Xa?lg %)‘?hlgE ﬁhg “specific

brary 'si ze (5x109 yeast)
op@peIMepth apphe?xpressmjmmﬂemcm kﬁbakmatlhn af thdAiglatGlittiod pfotein

ooy O AR e A oS kT b ks

16adogirefialofelIRBEHId | thosTio transeort Gc@8 SCLYTE)Y, €fige neutral amino
t he nono The density of

on .acr S S
y %%Esist L?g&tli apd -}roi} yeg?ﬂ reggatcg& aflﬁ gloafb%létr fupgtipmyin pggjve efflux at
parBBRY(p-gRcdpidtin} M@IM a9d ¢ VERIYEA 0. Ii@ﬁ4 E@g%vere a kind

nono ayer Panni n |gh en5|é¥ alloms -30%
r8 roﬁralgﬁolxﬁall%g y%g@remlmgn asgleparibgil Qrerv@usly RBE4 cells

TR none oy cr S A BPR BRePISinD, S pREEh KB o dus
t BrIgfl tp g spducrBranstedlls athiodtexcesy.of medlbmg Kiize) QSXIO yeast)

AL A04) LE RS, 5y L TR, 05 v

r deab @4 ang Q96 hoding serohwibdmiva€l8 A)g Waske bufRBE&ldl thy WaSt mixture was
[ I huf nt rocking th ate
A R 8 R S SR BBl s
( ﬂepmmbm}elt Vithe @ nsitgiod yeast @t 103 yéRecihad & thebppbi lﬁfﬁﬁ for panmng
Theh%Z |n&P&ﬁ§ernatant was rennved after each P
alidratdhs Yeod o ¥ £ the Rl englaver. Panpinget high densny allows
was(it E’@:oﬁér? I@Sbm&lng‘ye&f wiBSQsPpb i fg"é@?rh gﬁ;g? gvér&&xﬁ%ﬁ?%bthe

wel | and s were scraped o
pB'ala'aodwecs@EYt rTélﬁ mopglay§rs sste thesEacehaled apilsd fsmr @ howrs to allow yeast-

r ted SD-
grﬁg\%ﬁ Egtp gcglgaccitlgger ni g#ﬁ%% gF %%ﬁegy(%ﬂlml &MOV?{ §1 g?&v that
f bindoig W@gawltﬁ @@ll(?nllo‘larméﬁlatyl élhe éauhm Eﬂ_letﬁddaﬁﬁd 104l Wdshing the
30 .ce ed on agar
PO PR RRUP b RS P2 o

ceﬂtdtmg dfetpatc Gac hmé@@é}féate&lt\ﬁﬁ:@) Eﬁtﬁroﬁt‘ﬁﬁ% tHRIDIRE ﬁ:htt%_‘nfgg?ie

reduced after round 1, the
P\ﬁﬁs%%yzg%@}?ﬁ%@@? remeyed i tﬁfaqar?h Hep ﬁ@rﬁplﬁ“yﬂd\mﬁl fireshuvaslbuffer.
t ﬂft&ﬁﬁ@@aé&ﬁ@ﬁtéﬁ MPmL a7 dvatslhﬁufﬁ@%s Hded 11‘{\,@%acrhe\gé‘ff:%q A1 %ells were

for round 2 and 10 cn2 for rounds 3-
r%ffﬂ*i)a otf the Iﬂ%ttﬁ ﬁp(}laoolchf@gqtléqgo\’}" B¢ geist/RBE4 cell mixture was resuspended

in 5 mL kanamycin-supplemented SD-CAA and grown at 30°C overnight, followed by
SG-CAA induction for 20 hours at 20°C. In parallel, a small fraction of the recovered
cells were plated on SD-CAA agar plate to quantify the total number of recovered yeast

cells after each round. Since the pool diversity was greatly reduced after round 1, the
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yeast clones nunbered 8.2 x 104, and a parall el
experinment with control yeast displaying an

W@nio7A437uor escei n scFv (4-4-20) showed very | iR€T/8S2007/070587

background using the sane washing 5 regi men indicating
that the panning strategy was yielding primrily
RBE4- bi ndi ng yeast clones. To confirmthat the

yeast - RBE4 interactions were scFv-based, the

S ofavt [RINGIAE idBEkity Wad Sdteiled Ok 1 °8)aft R, 35&%&(]@@4 892 W&eRHuced to
Ié@nezsfoé? fromround,3, 12 from round 4% wer e
P

e i27gdd R emz{Rrapindp 3yoe Adier Tonpd p pEpanking. the yesevered
Ro&8AII6HE: nurhB&e® 8 2\ RN CRAH L Dra1pl S5LH n\f\%htcgfla‘t%l yeast displaying

retransformed into yeast surface gl splay pare
S?rf AithilugEesedio geFuirhg0)sboverdvery tlmelbmﬂ@c@mdtuelngﬂ‘tel’sanie washing

TR RSN S SELESK O T g e

t hlenqsl doreougrmwheethe gepse RBEM lmi:mhidnkl WereGaFi' bdsad (thé scFv -encoding

(:@%W T A 3 r 35
term na 5rsevr§3ﬁrr;ieﬁr%s B m@felaﬂf(ﬁ& Cﬁ )%iggfgm °§Eb1) were
I Eécb@xe(ﬁﬁ;)ng(thﬂ‘lyﬁ{&dbﬁ%Sﬁh@ﬁ;ﬁ@ﬂ"ﬂ@{@ﬂ% K&B4reH)) Th@@cFv-ngodmg

h-t hr oughput anal ysis of recovered yeast cl one

gi‘?‘u e ﬂé?&d@‘éami?é‘a%f% inggy yeagtyppifecs| displayrnetent ftiais EBYH 00, using
S@e%&@két@t@%tm ap®T r%n‘éfbrtﬁgrﬁmgr% sélgéztgd ez&ﬁ%ﬁﬁ?ﬁépﬁndmg

However, this technique vyi conparatively
| &b the TS‘FaI@EJFVC%QPF%C@S éwire@d; theplaswids waredseiianesdedith the

PEhf e (@%?A&éé)&@%ﬁ%}ﬁé?’rﬁ)ﬂrﬁg,qs 3 S8 gﬁg{&\ﬁ% Y&ld alpha

format was use ore
nistthivdiol pgyends -QUTAGATHTACA CBGTPETRATI3’ pYEQ €5 N&3E) (UW-

t.hat .si mul t aneous growt h and i nduction in
S&%gf#e&&%ﬁogyo?e% v di spl ay having simnilar

efficiency to that observed using the traditional

yeast Mighphyigtpat imtgis offétdvertdYeabll Gdhet.nr oughput
screening, yeast clones were inoculated into 200 L of

SG r ni nduced
sarrpcﬁg}i‘s( desm 3@ 5% e"ﬁ? 4t B’pé‘ﬁ@' W‘E)t%ft S&fcg ? edby SG-
hGARrsto pﬁdrmﬂé de@I’mpﬂemibrﬂ. 6B0@bvef thid RechhlqGélitME® cdifparatively low
e l1re Si? ?r total . §ﬁ nunbers as the parallel SG

Gﬁ’? bPESCEY Nutasg CWIF%S‘O“ andypwered percopiages éﬁff‘raﬁtfdm?éwmg scFv
aWberd H196-54P ESrARAL R us\é@STEéi‘éfﬁfeu h|e3éclf\)9 %etﬂ%l%@%&s

were then washed once with er an
r i phior 86-wisll pBtesgandvibw s tbumicf téat slmmlranpws@rmh andRBEdction in

cegl re.
SR by LRl B sl o) Bl BB Sing ne
cirgsidanalegagt display methedsf dhns dori higlothmughm pmmhurrw yawsl dlsnes were

3 [\N C far
om0 PR R0l AL AU YUGASELES, 9ot o

PEMPIYS200 76-07208iTe andi mmbsted) pwmasfomleld)um m@eaﬁovﬁﬁgel 60 L of

b@ﬁ g{lllttltge ?oa&%grets}{m? ar totelﬂ yeas% num eergjl gst thg lpecl)rgl?esi SG culture the 96-well

plate of yeast was centrifuged, and the supernatant was carefully removed. The yeast

were then washed once with 150 pL wash buffer and resuspended in 150 puL wash buffer.
In parallel, RBE4 cells cultured to confluency in a 96-well plate were washed once with
ice-cold wash buffer. The yeast clones were then transferred into corresponding wells

containing RBE4 monolayers and incubated at 4°C for 2 hours. After washing, light
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i nspection, a yeast clone was defined as RBE4-bi ndi ng
i f induced yeast remai ned bound while uninduced yeast

wW@eoogieEti ng from the sanme cl one were washed aRel/USZDNE070587

scFv genes harbored by binding yeast clones were
directly anplified by 5 whole yeast cell PCR Briefly,
a small amount of a fresh, uninduced yeast col ony was
transferred into 30 L 0.2% SDS, vortexed, frozen at

- Bhlicfostaply whs ibdaLtb @SseRNEe biAGHPBiKALity S thdRFviREst Glones. After visual
m.nutes (tenperature shift repeated once). "One

miEPEFOPet YEPt dlons wasidetinadas RBEdhipding if indused yeast remeided bound
asvialeRERdHQAGh® Briki A | grwar d

(5 - GTACGA i BBl %H";S%E%‘)F%%V%Gd A L6
Reverse (5' 10 TAGATACCCATACGACGITC-3'; SEQ I D NO

38) . Subsedivetsngsyhartpoed by bindingorrst qhensslwete diastly amplified by
syhy t M iolahs) .restrictio

i oROHE8 O PER, MrhDSy o B AR i Pt cSfony was
wétagsfereesoinipedd 10n0.2%3W B yartesd, fi@den hor80PA LR nH6s and incubated

| ' i ficatian., The.PCR d f h cl
GRS s B S5, R oG5 e s
segugerceds thert iseRay a BER. rBR:i0H tenGRESHRAGETAE T ACROET a3 (5'-

CEtAGARARASRG TR AR 47306l N i and BNL 6 feveree -

TH&A o A J 1
GATNEOCA TWGADETTER SEE D Mo 38§ S&W&QQ@Q%@%CR

to identify the human germiine origin (

aPichiSiras stbicaledsio st England Rielebs) resiristinn digest at 60°C for 14
Yaagk, TR¢ @RYstdIb AR W RkbIVATon SRS %r%% %e{l] ¥0r|[}1|§111;qtélg %cr]:r\]/ clone

blotting was used to detect and prestbtra C
aiflgntibealion g The PCR pradugtrad wadhdongabisplaybigradinigue B3eNL digestion

Reaaenvas adfedcBd bt %O*sécﬂ%ﬁggsg-%éegﬁ&%%@%fméé%‘}%%?SEQ

Nort hern blotting experi rmn
c AN S aendofor Sve &2 (5’ €TGHEEAGEEITAGTGGTGEST GoBr; SEBOTAANO: 40)

a I nd the . resulti col oni es were o

¢ PAef. e Selics iS el eddlhifs BB AN Foem aidsay e
mbnhamgemlind begia OlgBIASTOAERMINER NUBNGHRS Wl Rebi i

| ayered on top of SG CAA agar plates, cell si gn'g%PW§mV)
up, an? inggbat d at 30C for 2 25 days to induce

transct (Pt FORDR othsen Rlelpegene. To prepare the induced
yeast colonies for Northern blotting, the

ni t r oc¥kdsubdery Nariierablesingas ubcd)e 16t AR Pre¥ibahfBiss 1 and
fiﬂt§%9ﬁf er soaked ¥Ath 10% SDS and i ncubated at 65C
f O °30°F HOPEEC YsrsebiRding Bodl. Reasnisigadhinsiryments were prepared as in

t stamBEENoign bRl Y6 - '
65C for 30 notee e?%r(glgééq s e:ﬁi%g}iﬁ f %Fé@ﬁ%‘ﬁ%‘gﬁ%n Heast clones

dWRESP tusd po §Pr A RsAtI atavandviey mstinis edusest were baksdgred onto

g2 R LI PSRN R o

t Byard e top OfISGERRA agar plates, cell side facing up, and incubated at 30°C for 2
days to induce transcription of the scFv gene. To prepare the induced yeast colonies for
Northern blotting, the nitrocellulose membranes were layered onto Whatman filter paper
soaked with 10% SDS and incubated at 65°C for 30 minutes. The filters were then fixed
by transferring to formaldehyde-soaked filter paper at 65°C for 30 minutes (3X SSC,

10% formaldehyde in ddH,0). Air-dried membranes were subsequently baked for 2
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and C ass 2 VHCDR2 were radiol abeled with a 10 residue
32P-dATP tail using the STARFIRE kit according to

worenafiggoturer' s instructions (1DT), and their BEEUBI0DT070587

radi oactivity was determ ned by scintillation
counting. Being part of the germine V 5 region, the
VHCDR2 regi ons exhi bited 100% honol ogy within class 1
and class 2, and were therefore anenable to

h)hbﬁﬂs di g L@lﬂelb@sadn sohidreleb@i prdtis cgﬁf/&Por i gﬁc{s‘é‘ d YHCDR2
0

bl o& ?d | nk&p bridi zati on buffer
St 2y %&Y Veis radipdaledoiyith 4 l%esgse 3Y-dATR leumng the
S BEARFPRB Xtk c S
(prehybrid |1tz a% [ %ﬁg Eﬁ@?@rf Etb\(i')L\aH Eltsﬁs 1§ Q%EB&G@EY %4 &l'ei% Slﬁemﬁc
p|r yheactinity waGletymingi gk scintifation cm@ltllng medg patt bbthe gtidine V-

T L R R

smre Derefor SDBermblerto bybridinmen-bhssd ubtattich. Tﬂenﬁanaﬁane@w&?é

S 0, .1% e ture for 8 m nutes,

SBfdck S B RV s lR A QB P TRArEGS. SO TR SolbUoTnSKSSPE,
t henSeSIBs dalind E@m%g AR or

ng or %’2 hou?s ! h5§}'d(3:5%Rg msﬁhf?dtg??)ﬁ%qgreg be

[ rF‘FVé%‘élZi@o%lBHgfef with 8y B Ssaprémhef eaghprolighas #37G yveoﬁgltthe\fter

I QOBYVES 0
S S6E 6108 ARLRRL! SO BIRAAR. 27 ssgyp 10 sms
pROISER) tergpargturecor &mlmﬁeSa&prﬁfaﬂ f)l 10a$ D9 at roGmaempeadicrfor 8

| at.ed f
LR DX D S B P RN R F it PORISSHE 19 sps a
dﬁg"&for af chimeese Thouticniteghet GeRNMhECERBoKERS ECEQ{yﬁ)%ﬁTlﬁt(A%rsham)

vect 31 0) that has been used

o5 eher 8% tF 32 Roigiey ALbeala I3RS s et eanobe in these

p R%liﬁtn@%bﬁéﬂr_sv theldaesitd D f YIRITBc vl séEvaiiee LaRsh ﬂeﬁﬂ? Y¥Aided as
yeast strain over expressing protern disu §2

|§?ﬁﬁ‘€‘1’ éi’@éu"tﬁaéﬂgft using YuyrdompingtipyoSEPRerdben vect or  were

grown in mniml SD nmedium (2% dextrose, 0.67% yeast

ni t r 0g8¢Fvhasetion SdRRHAMRRBLED W th 2X SCAA anino acid

(190 ng/L Arg, 108 ng/L Met, 52 ng/L Tyr, 25 290 ny/L

Ile, Aé n%gh 200 /LPhe 1260 nmg/L A u, 400

ng/ L AsP" %%?IECS %?CFVZW W@dﬂ?m thg BERrgpductsiuged for

285ty hfpirigh b&pﬁl@d]f}ﬁﬁdllﬂa&&hag)nl BYE! DR RO HRQT b hn %Fv%gast

C for, 72 hours. Sub seguent y, ScFv secretion
i PFATFEIER VertorpRS3 i GAR414o2)) ¢hat hasd@en Q{BAAx(edeeﬂy ﬁ:ﬁecFv secretion.

syRsteblith
nonspeci f F%{%%{P g?lgél?&%g)éﬁlmm)%wé?elﬁg@g %nsrfoérn g %thHlO a yeast
pIFAIT P\CHeXPESSing NjoteT ﬂswﬁﬂﬂume@@ a@ifam)havlﬁ)hﬁg s&®dsetdtion vector
PEdefo US200 0587 . the six

s ﬁ?ﬁ%‘“ﬁ@“ﬁgﬁ SOLAC I ksl 6B pogpihes e
dewpleirsedd p/nté\ZD{()SGA&L anfind dvéd (190 mg/L Arg, 108 mg/L Met, 52 mg/L Tyr,

290 mg/L Ile, 440 mg/L Lys, 200 mg/L Phe, 1260 mg/L Glu, 400 mg/L Asp, 480 mg/L

Val, 220 mg/L Thr, 130 mg/L Gly, 20 mg/L tryptophan lacking leucine and uracil) at 30
°C for 72 hours. Subsequently, scFv secretion was induced at 20°C for 72 hours in SG-
SCAA (dextrose substituted by galactose) with 1 mg/ml BSA as a nonspecific carrier.

For experiments requiring purified scFv, Ni-NTA columns (Qiagen) were used to purify
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literature. The size, purity, and secretion yields of
scFv were anal yzed by SDS- pol yacryl am de gel

web®@ectnsphoresi s (PAGE) with a 4% stacki ng andPQRUSH7/070587

separating gel 5 followed by Coomassi e bl ue staining.
Protein concentrations were estimated by conparison to

a series of carbonic anhydrase standards (31 kDa) and

by BCA protein assay (Pierce). In parallel, the

St Akist idies elgyekcpy Glogi SBmIRF € [AHa&BcddsQUetEHe@ Plte%oﬁsly in the
ni.trocel | ul ose menbrane (Bi oRad) for Western b

THERE ocel | ul ose menbrane was bl ocked at 4C

overnight in TB ST solution (8 g/L Nad, and 0.1%

Tween- 20Q¢ s11& phtfyl el cleBorPiields @f Wirt, Qve?@arﬂgzgcf $}S%1DS

suppl e with 5% nonfat ml

gPRYSYE Gﬂ%n%ql electrgphorgsis (RAaK) wwé%cs@e)ckmglan@muvmpamng gel
angi at e

S OB i PR O AR St Rk hiea oy

C [SemPITIsAN fres sasige ef anﬁnhycpm Stalndadsp@ﬂ mDaaa xmblsyu]BGA pmem

E%sa?}’lﬂ@c%)‘ 'IH‘EQIAHQV -PAEE 81&?(1'1 Prﬁ) etuv weXe 'eﬂsglblotr{g onto a

sof tware uant i cation.
d@ttmcnﬂuiwlnmmbrm@md@ﬂ) for \WHSErﬂ blbging ATt tnity@kilglt$e membrane

T L AR

f duffeotd 1Y 78ntith TOMSETHQ Cuppneshedd Wit 59 38nfat milk and probed with
Flluor e tg)gﬁ(ge jntensity was nonitored by FACSCali bu
1'% ‘E]; R () antel@éa (¢eyaneraielionsd by fn anti-monsd IgG horse

boddith detgaick co_ﬁh%aféc{g\éﬁaa?)' DL Pe efcllugln% %nﬂ:ﬂee%?

equi | i brium bi nding nodel to determne t
aFlPﬁi“H?“thnﬁF%6 anGmplsiRlecinepaintexpesies to ERE hyperfilm (Amersham)

ok dangkcl BY MIBSRNaRSAARL BRIkl RENOUIN 1O

produce a bi ndi ng clirve US| ng nononeri'c scFvD, so

scFvD was predinerized with anti-epitope tag anti body,
9E10, QHinitydsigrgmatione requisite avidity for the Iigand
bi ndi ng nmeasurenments. ScFv D diner-|abeled cells were

then probedgigk BojRWeke dﬁgé‘iétgg %ﬁofﬁs‘ sC g\{%g ﬁéﬁ:?@}ra%}?ﬂseat 4°C, and the

Conj ugat e and assesse ow C
r Betwdiseigdedestenl hyemg-ciniyic (f?E)l(ﬁlantm}pdy Ilabblimgﬂ@llbw&dbﬁﬂltx -mouse IgG

ffi
TR 855 0 R K S g romecs

| artvksed teequari@atei ftabti@2l GounWlighndd rEredit IRy biheR %ﬁt%%s fit to an
X26 . npnocl onal anti boé

FvD . 4-4-20 scFy,
T SBriv o G0 Bt e Aeleming e Graneaens aliniy Jbseditidyonstant

(@) TheBdlBRbEIGHE abla
fg(rﬁ)each sanlg g@ g?? P%?%u%ﬁ?% ?’?%C%E\Rﬁng Curve using

2B L LI SRR B DEdBBTIZeCwitipanti-spitope G ahtllelyj 9510, to
| po®fas 'tﬁe)&equ-mt%sﬁldﬂwf&kmg Manﬁ %ﬂdl@ngaggr%r%grtng a§ck’\9 T dimer-Tabeled

adequat e ) )
cells were then probed with anti-mouse IgG AlexaFluor 555 conjugate and assessed by

flow cytometry. The resulting data were fit to an equilibrium binding model to derive an
apparent affinity (avidity). For antigen density experiments, living RBE4 cells were
labeled at 4°C with 62.5 nM of pre-dimerized scFvA, scFvD, 4-4-20 scFv, 0X26
monoclonal antibody, or IgG2a isotype control. A uniform secondary antibody (anti-

mouse IgG AlexaFluor 555 conjugate) was used for each sample to facilitate quantitative
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for saturation binding of the cell surface antigens,
and the cell surface labeling was quantitatively

wag®essxd by flow cytonetry. ScFv- RBE4 PCT/US2007/070587

i mmunocyt ochem stry. 5 Predinerization of scFv via the
c-nmyc epitope tag by the 9E 10 anti body was used as a
nmet hod to provide bivalency which is often an

i mportant conponent for pronoting cellular

| Rb@pardbheitlatin®{nt&ity.. THRe hitibddf H¥eli REEA: bicndi
scFv was. fi st incubaﬁ;d Wi th 9Ey%10etlﬂogn?)3rm s B Bhequate

ar? P iuEatigp byydigrad thepssl] spriaes aptigess.ond gherdell iserdhcs dabeling was

(dudnth BBl As@ Q0T fohWytaidyA or 32 pg/ L for scFvD
aﬁd 4- 4- 2%’ asisnglgzoé)/o gg};\t sérumin PBS 10 suppl enented

wth 1_mMCaCl2, 0.5 nmM My2SH4) and 10 g/ nL 9E10 were
m xed §W‘Rﬁﬁéwﬁﬁwyg’l¢h¢f@é¢ﬁ-temerature for 1 hour to
formartificial dinmer. RBE4 cells at about 90%

conf | ueféah{néﬁﬁﬁtﬁ)nmmdvié”&ev&ﬁ&c g}?tt%P? Iﬁgbgffﬁe d?ﬂr:};gr%ﬁg?o%ylﬁas used

were then incubated with scFv

ORBIRERE & Bivide Aivelebadyhich & ffeiad ifyRetaot @njpoatnt 46 framoting
3 ' : sw.t.che Q far .another 30 .
Pl e ARG LRy 21 UEOGR, bR b Sha B ity Tt incubatea
Ct‘mt_ih_@@éﬁ ?dfwvhgtai‘tif@izﬂaﬂﬂrfdr@ chﬁfiﬁcvcﬁlﬁfhllaﬁﬁb lil)lul ﬂﬁeffc@b?éi)uté@ﬁ@ 8 ng/mL
a utes  a o.l abel ce ‘

s E‘?fsgfvg\ %’g%dtgg o SR aeﬁt‘e 1920 sing OrepeabssrweanPBS zed
WhUppleinenbéd wathpoMMICESH, INBAMIMS0,) dhd Y Eg/rﬂmes\%rf glg(ed and

buffer at 4C for 5 mnutes, and subsequently |abe
M‘}CHbaé?ﬁia U KRG HEPSEE E9r d o drme antifigighdimgr.WRBR4 cells at about

AbexabhmendBd i kb%gaef \nutes at 4. .
to detect ?}?t glr@r%sﬁgj?ﬂ%h&?ﬁm 3 e@%ﬁ?ﬁlg%ert e? W@Hba%d with
f potedrtpigrialidirheraypbahaonimha @htitvtelyd hel gy B ctet)Sit ATC for 30
flL ' qa 1 X70),. Yeast displ ay
g B DA A NG OBt R M iy i e 180 scebndary
seltdothe donfugatrdtviith Alerattiows SFv(Molbdubir Probes)ewddiabslidd f¥r 30 minutes

u t.o. hunopreci.pi t at tg. cqognat e pl asma nenbr ane
Ssefcl MRS BASLR! B SOl SR a0
| sepomiy fBigmBAIdB)ch pdifivedie e sBEEEr 364 0L 9 AlihM&s, ﬁlgf‘stu'b?e!quently
é}s@%e g,ogl tive cont fQJI , .an antj-transferrin receptor
LR o) lEmoT T B esed with AbexeBlaorS (Molecular
eRbe) g 30KRBuee u-ORE ReitAFLARIAH 3R, I
PRS316- GALOX26 as an Nhel- Xhol fr SO aRhes s st thgp fixed
i With *porrafoymaldebpdesand skeamissd wenga Gnaresceandnicrdeope ¢Olympus
Stk7oyL cultures as described above. |nduced yeast were
coll ected by centrifugation, washed 39 WO 2007/ 143711
PCT/ 007/.070587 and fixed with 3% vol/vol formalin
i n PBS' casatsP 3| igunHpoptsaipiating. pr ot ei ns wer e
ScFv-displaying yeast cells selected from the human scFv library were directly
used to immunoprecipitate the cognate plasma membrane antigens. Yeast cells
displaying anti-hen egg lysozyme (D1.3) scFv were used as a negative control. Asa
positive control, an anti-transferrin receptor OX26 scFv yeast display plasmid was
created by excising OX26 scFv open reading frame from pRS316-GALOX26 as an Nhel-
Xhol fragment and ligating into pCT-LWHI. Yeast clones were grown and induced in 50

mL cultures as described above. Induced yeast were collected by centrifugation, washed
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30

bi oti nyl ated using 0.5 ng/nL Sul fo-NHS-LC-Biotin
(Pierce). To prepare RBE4 cell |ysate, approximtely

WG 084710t i nyl ated RBE4 cells were | ysed usi nBCHUSB7/070587

(W v) n- octyl -beta-D glucopyranoside (scFvA, B, C and
J Sigma) or 0.1% (wv) Triton X- 100 5 (scFvD, 1, J,
and OX26, Signa) detergent solution in PBS,

suppl enented with a protease inhibitor cocktail

( Gad Bkathigh B % Vool oFbENARE BBB P RBEYIpPRma HhtdarRipréi€hd were
Ig)sate F?rot.el n_was nmxed wth approxi mtely 1(5)8 yeast
c

19teylated usihg Qrapeilov PnNHRL GBintie (Piercg). i Enprepare RBEA4 cell
| nysdRO liRhikBt i o 10

r g’?ﬁs 5eljr;p(g(i%rllg ygagg? Ot{él I's it%d,%%Efg%{s%e?%%&yéﬁglgianl /O.(‘X/VMI'

TPF@I-EﬁHI%glsyommnomge Lg% C add Sigru@tee §. 18 (ve'v) Triton X-100

S t ' D % separaid n el it.h or
SR8t £ MDS BT AL COTEDR A R Il o
a inhibitor geakitdil(Cotbén chremb r Bom émnBh@piRaud) itativig Stoe g ookt kkdigprotein

RSP GO BB . oo
; abmi“?%mipimw?dm?ﬂfm?ﬁ?}t ﬂé?@ﬁ%g&%u;%ié?bens in 30 pL of 0.5%
oot SN TrigtPisshy(te Gres “Hherius s wapimsrivgps PAGE
ag’edegmrdting deldhavieyr vdﬂﬁbﬁtri@ducﬁl%%‘g?lt&ﬁ‘tf}[“ﬂ&eﬁﬁf R ¥BH& onto a

active in Western blotting format

i ARG eBHese imsmbsang dBiRadl cWestern bigtting wasetubselyenly @stformed with

| K @ht¥btih BRMbIoRl ark | ei dsund

native conditi ons Wi ?ﬁ%Fq.gp%ﬁég{&ﬁgﬁ%ﬁ@&g@wsm& Bx26

| AR arfitledy Trg/mlLaBetoten)y onéntiimbulinrradeptos @ Giubamis mayioclonal

S Gk | i 3 QN re.prepared fromth

ol PR B T S G 00 BB BE R e TR R o

bedive wers asthapn Weanblwiting férhaswih {mReddpr@ipREd Woducts or with

('Cl'rﬂlanle. i onedi cal Scie&%es) using a |liquid N .

n T BFEr BEtha T oFselrctions fsie pseemediedeieiabve eanditiongwith

t Heingcelken brain. The brain sections were bl ocked with

40% goat serum and 0.2% TritonX- 100 in PBSCM at room

tenmperature for 30 mnutes. Purified scFv A or 4-4-20

was di MHPUphisachemigak ahsling ebtatbrriractione bpsefedAwi th an

equal volunme of 10 g/nL 9E10 25 for 1 hour at room

t enper Biaitr §sshOscb@omvand prbsbdiroslithBbrainBrah B4 '

\é\:ﬁre then i gcubat ed wi it)hpscFvo.A artrfal%li cial ‘gﬁﬁn%l%gg%gﬁe
PEley 1ath Jlie bram wessaRogen witdetissag freesing hesium (Triangle

CBR%hedlchNGiGocd) RVGL S il i PSP Bl 84,208 niTRYSE L 96

and FI TC cclanj adgatle% é}i 't fnot%gggBiétlﬂ’grf%%]iﬂf‘?g{)riogq%%%toflsngere cut

( Een iy frezen hrag. nfThe Biagmseytiona sveapiplbeled withr4030gauk Sat@aind 0.2%

S B PR SR 5 Sty ngr o0
niverudibedonith ¢®6 goad seaiind éstubyted Wwith @ S@RNGSume of 10 pg/mL 9E10
Mof i B3HCRYoom é(r)np\é\gtuzrg 1%7 oxlrg' gle%]éiaf)grrr{eysgg?nqgt?i(?nss%\Zere then
incubated with scFv A artificial dimer at 4 °C for 1 hour. A secondary labeling solution
consisting of phycoerythrin-conjugated anti-mouse IgG and FITC conjugated Griffonia
simplicifolia lectin (GSA-FITC 10 png/ml, Sigma) was applied for 30 minutes at 4 °C.
After washing, the brain sections were immediately fixed with 4% paraformaldehyde for

10 minutes on ice and examined by fluorescence microscopy.
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As described in the precedi ng EXAMPLES, the invention
provi des a nmethod of panning a yeast display antibody

wO plrasdriagai nst cul tured endothelial cells anBCT/US2007/070587

simul taneously isolating nmultiple binders of different
affinities against one or nore antigens. The binding
cl ones were isolated and their ability to trigger
endocytosis and 5 transcytosis was then confirnmed

usi ng endeidiekd th@ﬁx'el:&hngvﬁ’(}\ﬁIPtLIE'SSthb %Hﬂdrpé} QTCS LE&Rod of

descr.i bed in_conjunction wWith the various
e MBEYPHR peast %‘ERIW Heihodylikrary againstsukurgd t:reioriatlal\pelals and

MaghiliaG&dusBNSolat@ hididl
Substantar edt#%a en%gg&dlsoﬂﬁkg ﬁgaﬁhﬁ?S@%QFPWwOH%OW
maptigras. phebiading YIOUWfWemmd amd yhebebdietoatppgdr @idock®sis and
t hQs& | I na inthe 10 art.
Accorgaﬁéﬁ&?ﬂ% §b§@§#8$5%§em#§§%fh§hfs according to

this invention, as set forth above, are intended to

be ill N%hllegthlis v entrpt hak bcdmdesrglbed/afdo@mcﬁdiﬁnﬂeﬁle Wayoge

ut departing fromthe spirit and scope of
g&.’%v ﬁ‘me‘i‘ g bOVFhﬁéa”ioH%l afjxes; @Odifm@i@e\@nanons

t Gmﬁﬂaibfrﬁﬁﬁs ahd/oKsubyint Ml ecilﬁi\?a%n‘tsd a¥ethangdwalot & ?Q‘E 'oYfﬁ%y be
modi fi cati.ons, variations, ggrovenents 3

s BESTU R REressEy iy hefqrae epateRbodhesg Bayingptyleast ordinary skill in the
e RO Aicest ﬂingly, fh% em}a%?&&)ﬂ&y&&s gdr&‘?é@cpté SQZ{)eﬁﬁz as aet forth

@ﬁ’ What is clained is:
c BRQET YE iendad Emba 1HBWU‘F’¢, agh@nﬂlngaVanwsahan@mmp bamade

2 W@&Qﬁgﬁ‘ﬁ frgfnttﬂ aa%M ago%e fo? the érilv%néon mfe&)rﬁ th,} glventlon is

amt¢rigigdjy0 Efrnlagamhltknbws or talne- cﬁﬁ&lﬁ}&d&ﬁbxﬂaﬁ\%ﬂ URdWi BcabiBhs, variations,
The i sol at ed

Byt PG ta aualiar iree sismmbsngmhodignuin
has the ami no acid sequence set forth in SEQ ID NO
1. 4. The isolated pol ypeptide of claim1, wherein the
anti body fragnment binds 10 to and is internalized by
a brain endothelial cell. 5. The isolated pol ypeptide
of claim4, wherein the antibody fragnment has the
am no acid sequence set forth in SEQ 1D NO. 1. 6. The
i sol ated pol ypeptide of claim1l, wherein the anti body
fragnment is a single chain fragnent variable (scFv)
anti body. 15 7. An isolated nucleic acid conprising a
nucl eoti de sequence coding for an
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am no acid sequence set forth in any one of SEQ ID
NOs. 1-34. 8. A conposition conprising an isol ated

w@nio7hextyl f ragnent set forth in any one of SBEET/DSNCEH070587

1-34 in conbination with a pharnaceutically active
conmpound. 9. The conposition of claim@8, wherein the
anti body fragnent is set forth in 20 any one of SEQ
ID NOs. 1-5. 10. The conposition of claim9, wherein
the anti body fragnent is septphpugh in SEQ ID NO 1

11. A purified and isol ated expression vector

c risin . pol ynucl eoti de encoding the am no acid
sgggéﬁfgmg@$“forth in any one of SEQ ID NGs. 1-34. 42
WD 2007/ 143711 PCT/ US2007/ 070587 12. A purified and

i sol at ed hoai isoRtdd poBipBtideicosptifify SXRBSE) QE%IH&@ h&ind4n
claim1l. 13. A process for expressing an anti body

f PRI seaisars ot Brthyp apy eng af SEQ IDHNGs.nl-#hdot hel i al

cell receptor conprising: 5 (a) displaying an anti body
fragnemt onTit iygasd F@l?ﬂ)ép'ti_dé 8 c1AAM Whdrci ¥8e BMHoRY @ement has
di spl a |n9 yeast cel| against a brain endothelial
c&qelanlﬂ%/ﬂ 344 geagencp pefiferth Boggeng QOIER 83 NQsel-5i dent i f yi ng
di spl ayed anti body fragnents that specifically bind

brai n 3.endortiabdlatd &l pepli@ESAAMY, whbreliCthe bR EHSMAN has
i sol ated nucleic acid coding for the anti body ftragnent

i therpfing aedd sequance pet ferph inSELHIRNEY éssi on vector: and
(e) transform ng a host cell with the expression

vect ors, 14. THENGIREPFESFSeplic 6f @il 1L %ﬁhel\gﬁletg% Fxlﬁlbto?g ﬁ?@_ﬂé%binds

cell is Saccharonmyces™ cerevisiae or E
nEr Wdds fernadigert b 3/ bratp eadetheliahcdhdot hel i al cel |
speci fic antibody conprising: (a) displaying antibody

fragnent s orhedsolfadholfplidSor AR, wﬁl@x)eirﬁﬂé‘ﬁﬁetﬁ%gf 'ﬁ%%rp?nt has

di spl ayed antibody's agai nst a brain endot
cthetapyino a5id spaugnee et Serd inj SEQ I N, land 20 (c)
identifying a brain endothelial cell specific antibody

6. The isolated polypeptide of claim 1, wherein the antibody fragment is a

single chain fragment variable (scFv) antibody.

7. An isolated nucleic acid comprising a nucleotide sequence coding for an

amino acid sequence set forth in any one of SEQ ID NOs. 1-34.

8. A composition comprising an isolated antibody fragment set forth in any

one of SEQ ID NOs. 1-34 in combination with a pharmaceutically active compound.

9. The composition of claim 8, wherein the antibody fragment is set forth in
any one of SEQ ID NOs. 1-5.

10. The composition of claim 9, wherein the antibody fragment is set forth in
SEQ ID NO. 1.
I1. A purified and isolated expression vector comprising a polynucleotide

encoding the amino acid sequence set forth in any one of SEQ ID NOs. 1-34.
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wherein the anti body specifically binds to a brain
endot helial cell. 16. The nethod of claim 15, wherein

W b@7hsxih endothelial cell culture is provi dedr/ug2oa7/070587

nonol ayer. 17. A nmethod of identifying endotheli al

cell receptors functioning in 25 endocytosis or
transcytosis conprising: (a) providing a cultured

endot helial cell nonolayer; (b) panning a

yeast - d2spl aymeifisdtadioeitel hbst EY cABGH IRt th i
eg%ﬁtgglial ?§?| nonol ayer; 43 %%ﬁgoo /fﬂg ??MonvemDrOf
PET'BS2007/ 070587 (c) isolating an anti body bound
endothelial cell; and (d) identifying a cognhate

recept a8. by Awtocebs foh exprétkinb @A ¥ntHod g $rabiiEnt R i

azJL. %€$ A‘pugified g?FvA?antigen9h§%ingcg&%oleCLﬂéﬁgtoa
R engoftheliplsel ¥eGeRioeFYmPIBing: 5 kDa when

| nunopr eci @) WAbBFinD ¥n BMIRAY 3G I educi ng

conditions,ggaig.gggt?gen e%prgééggﬂgﬁé?ﬁgggt brain

capi | | ari es(b) pannipgthe antittedy isplapiog yeesadet dgainstiacbrain endothelial

transp t conpr.ising: (a) an antigen having

a nol eg‘ﬂfgﬁmg\%ﬁg E{ng?sg%b??i%%, mately 124 kDa when

| mmunopr eci ) dehetyipipuyaD R LA TS BAESAUH Bhd brain

condlthrggrsalﬂ antigen 10 expressed in intact brain

capi | | §Pqo8tlial el 1g95pto5 hur i fi ed anti body bound to said

antigen, thel) psertibp aflis8RtddRReichaMl Bdink 1§ the '

sequence set _forthgi_n any one lgf 1SEQ lln% NGs. f{ﬁgfl}agbé.jment

The an_fqeﬁ -‘BIS@B&C)WQIF?P‘%%FIPPE?CWTFémispo_rter system

accor di ng tQ) GhkdHnty a ML Wieh fE cRYULdTon& P @Rt | body

bound to said antigen %as the am no ‘aci d sequéence set

forth 15 in SEQ ID NO 1. 21. The anti body- bl ood

brai n bar ri Ehe Rrpeass ploraier 135 wheremn the bt dillng Starhatoaiytes19

WosLEkbe §AEd.puri fied antibody is provided in

conmbi nation wth a pharmaceutically active compound.

22. A nmethod of delivering a pharmaceutically active

conpould act Gashadrd ideptifyiapohraivreailethdiat edllspetific antibody

SUBh®Eings brain, conprising admnistering a

pharmaceutical |y active conmpound in conbination with

a purified @hdisplexys aibodh fisgéngs @nd yastaell Qurface;

(b) panning the displayed antibody’s against a brain endothelial cell

culture or brain vessel isolates; and

(c) identifying a brain endothelial cell specific antibody

wherein the antibody specifically binds to a brain endothelial cell.

16. The method of claim 15, wherein the brain endothelial cell culture is

provided in a monolayer.

17. A method of identifying endothelial cell receptors functioning in
endocytosis or transcytosis comprising:
(a) providing a cultured endothelial cell monolayer;

(b) panning a yeast-displayed antibody library against the endothelial cell
monolayer;
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sequence set forth in any one of SEQ ID NGs. 1-5 to a

subj ect whereby the antibody directs delivery of the
W@b@rmeseut i cal |y active conmpound across the bP@DUS2007/070587

brain barrier to the subject's brain. 25 23. The

met hod according to claim22 wherein the purified

anti body has the sequence set forth in SEQ ID NO 1.

44
(¢) isolating an antibody bound endothelial cell; and

(d) identifying a cognate receptor by which the antibody binds the

endothelial cell.

18. A purified scFvA antigen having a molecular weight of approximately 124
kDa when immunoprecipitated by human scFvA under non-reducing conditions, said

antigen expressed in intact brain capillaries.

19. An antibody-blood brain barrier transporter system comprising:

(a) an antigen having a molecular weight of approximately 124 kDa when
immunoprecipitated by human scFvA under non-reducing conditions, said antigen
expressed in intact brain capillaries; and

(b) a purified antibody bound to said antigen, the purified antibody having the
amino acid sequence set forth in any one of SEQ ID NOs. 1-5.

20.  The antibody-blood brain barrier transporter system according to claim 19
wherein the purified antibody bound to said antigen has the amino acid sequence set forth
in SEQ ID NO. 1.

21. The antibody-blood brain barrier transporter system according to claim 19
wherein said purified antibody is provided in combination with a pharmaceutically active

compound.

22. A method of delivering a pharmaceutically active compound across the
blood brain barrier to a subject's brain, comprising administering a pharmaceutically
active compound in combination with a purified antibody that has the amino acid
sequence set forth in any one of SEQ ID NOs. 1-5 to a subject whereby the antibody
directs delivery of the pharmaceutically active compound across the blood brain barrier to

the subject's brain.

23. The method according to claim 22 wherein the purified antibody has the
sequence set forth in SEQ ID NO. 1.
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