HUMAN MONOCLONAL ANTI BODI ES TO FUCOSYL- GML AND METHODS FOR USI NG
ANTI - FUCOSYL- GML ANTI BODI ES Cross- Reference to Rel ated Applications
5This application clainms priority of U S. Provisional Application
Serial No. 60/748,915, filed on Decenber 8, 2005, which is herein

i ncorporated by reference. Background Fucosyl-GVL is a

sphi ngol i pi d nonosi al ogangl i osi de conposed of a ceramde lipid
conponent, which anchors the nolecule in the cell nenbrane, and a
car bohydrate conponent 10 tha is exposed at the cell surface.
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5:2773-2779; Livingston POet al. (1994)J din Oncol.12:1036-44).
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or no expression in normal tissues (Nilsson et al. ﬂ)1
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by 2@ i M@‘tmreaple(ﬂt%m Clinical Cancer Research 5:2773-2779; lemgston PO et al. (1994) J
Clin Oncol.12:1036-44). Indeed, serum derived from SCLC patients who developed antibody -

titers to Fucosyl-GM!1 following vaccination with KLH conjugated antigen, demonstrated

specific binding to tumor cells and tumor specific complement dependant cytotoxicity (CDC).
Anti-Fucosyl-GMI titer associated toxicities were mild and transient and three patients with
25  limited-stage SCLC were relapse-fice at 18, 24, and 30 months (Krug ef al., supra; Dickler et al.,
Supra).
Fucosyl-GM1 expression has been shown in a high percentage of SCLC cases and unlike

other ganglioside antigens, Fucosyl-GM1 has little or no expression in normal tissues (Nilsson ez



10Accordi ngly, agents that recognize Fucosyl-GVL, and net hods of
usi ng such agents, are desired. Summary The present disclosure
provi des isol ated nonocl onal antibodies, in particular human

nonocl onal antibodies, that bind to Fucosyl -GVl and that exhibit
nuner ous desirable 15 properties. These properties include high
affinity binding to Fucosyl-OML and binding to the human small cel

| ung cancer cell line DM5-79 (Human SCLC ATCC # CRL-2049). Al so

provi ded are nmethods for treating a variety of Fucosyl-GVL nedi at ed
di seases using the anti bodi es and conpositions of this disclosure. In
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vari abl %”i—?&l on conprising the am no acid sequence of SEQ I1) NO 2;
and (b) a light chain variable region conprising the am no acid
sequence of SEQ ID NO 8. In other enbodi ments, the reference anti body
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SpediT Y AR IROLSEoERRerT G aFris oD ABTRAL OO LsiRg s Busesyl-
GM]1 with a reference antibody, wherein the reference antibody (a) specifically binds to Fucosyl-
GM1; and (b) binds to the human small ceil Iung cancer cell line DMS-79 (Human SCLC ATCC
# CRL-2049). In certain embodiments, the reference antibody comprises: (a) a heavy chain

variable region comprising the amino acid sequence of SEQ ID NO:1; and (b) a light chain



(a) a heavy chain variable region CDRL conprising SEQ ID NG 13; (b) a
heavy chain variable region CDR2 conprising SEQ I D NO 19;

(c) a heavy chain variable region CDR3 conprising SEQ I D NO 25; 25(d)
a light chain variable region CDRL conprising SEQ I D NG 31; (e)
a light chain variable region CDOR2 conprising SEQ ID NO 37; and

(f) a light chain variable region CDR3 conprising SEQ I D NG 43.

Anot her preferred conbi nati on conpri ses: (a) a heavy chain

vari abl e region CDRL conprising SEQ ID NGO 14; 30(b) a heavy chain
vari abl e region CDR2 conprising SEQ ID NO 20; (c) a heavy chain

vari abl e regi on CDR3 conprising SEQ | D NO 26; (d) a light

chai n varipblregionerentistisrlie @Binp eridisepensayl SHQID BQ:7. (layfughsricghodisteatsn

bl ; e i _ - e
ehai -G [RPRR b, CRERELS: (9 REGY Rl Saciiy ABi0n comprisink e dhibd 804
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i sing SE .15 (b h hai i abl e.regi
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con i sdhath vakeble RedNa ebhipristhy; fige dnhiglh bicia RaduenaesfiSED B New; and BYRYight chain

conprising SEQ.I D NGO 33; ) (e) alight chain variable region
CDR2 co‘f?ﬁllab@if?ﬁJOISE@R@Rﬁ@%Wlnaﬁﬁlde‘{WWaogﬁ SESHID MY nlostiflifusthes " egi on
CDR3 ¢ lasd : f j i | :
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NO:5; and (b) a light chain variable region comprising the amino acid sequence of SEQ ID

NO:11. In even further embodiments, the reference antibody comprises: (a) a heavy chain
variable region comprising the amino acid sequence of SEQ ID NO:6; and (b) a light chain
variable region comprising the amino acid sequence of SEQ ID NO:12,

15 In one aspect, this disclosure pertains to an isolated monoclonal antibody, or an antigen-
binding portion thereof, comprising a heavy chain variable region that is the product of or
derived from a human Vy 3-48 gene, wherein the antibody specifically binds Fucosyl-GM 1.
This disclosure further provides an isolated monoclonal antibody, or an antigen-binding portion
thereof; comprising a light chain variable region that is the product of or derived from a human

20  Vx L15 gene, wherein the antibody specifically binds Fucosyl-GM1.

A, preferred combination comprises:
(2) a heavy chain variable region CDR1 comprising SEQ ID NO:13;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO:19;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO:25;
25 (d) a light chain variable region CDR1 comprising SEQ ID NOQ:31;
(e) a light chain variable region CDR2 comprising SEQ ID NQ:37; and
() a light chain variable region CDR3 comprising SEQ ID NQ:43.
Another preferred combination comprises:
(2) a heavy chain variable region CDR1 comprising SEQ ID NO:14;
30 (b} a heavy chain variable region CDR2 comprising SEQ ID NO:20;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO:26;

3



(f) a light chain variable region CDR3 conprising SEQ I D NOG 46.
Anot her preferred conbination conpri ses: (a) a heavy chain
vari abl e region CDRL conprising SEQ ID NO 17; 20(b) a heavy chain
vari abl e region CDR2 conprising SEQ ID NO 23; (c) a heavy chain
vari abl e region CDR3 conprising SEQ ID NO 29; (d) a light chain
vari abl e region CDR1 conprising SEQ ID NO 35; (e) a light chain

vari abl e region CDR2 conprising SEQ I D NO 41; and (f) a
| i ght chain variable region CDR3.conprising SEQ ID NO 47. 25 Anot her
preferred conbi nati on conpri ses: (a) a heavy chain

vari abl e region. .conpri sin | D NQ 18; heavy chain

vari abl e regﬁ%h%%mﬁﬁg‘%ﬁ’keﬁﬁgné@gllcﬁnﬁﬁs’é‘ﬁ;s %gonﬁavy chai n

vari abl e regqbypnifioBaif Qaiibiet %@@'Wﬁﬁ SEQIDNO:38; and d) a |ight
chai n vari agbtl}ew(legi on CDRI cogfl_rpri sing S Q_I% N8 36; 30(e) a light
chai n vari alff)e ligkirhwin Gorblecesion CDRAsompusingSRRIPNOHAd (f) a | ght
chai n variabl ' ggm' ing SEQ ID NO 48. O her preferred
anti bo irééstﬁ%ﬁﬁ%r?% |1st osﬁ?e, oslfcéant i gen bi ndi ng portions thereof
conprise:  ((a)aleaheahyin vhrzble region @DRE coeprising SBQUDI SOrig; t he ami no

aci d sequence. of SEQ I.LD NO,, 1; .an . l.i.ght chain
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(b) a Iight @hali t@hﬁlnam@lqr@@%ﬁlﬂgﬁﬂm@m’g& NOHS: aci d sequence

heavy chai n G FE S  ence of SEQ
| D INO: 3; andf) a light ¢limin warfablgiregiemE&DR3\canipabing SEQJDMOE6npri si ng t he
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conpri ; ain variable region conprising the
am no aci d Yepukdaee chdfin $dbleRedith CHR 11dbaiptising SEQ ID NO:16;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO:22;
(¢) a heavy chain variable region CDR3 comprising SEQ ID NO:28;
15 (d) a light chain varjable region CDR1 comprising SEQ ID NO:34;
(e} a light chain variable region CDR2 comprising SEQ ID NO:40; and
(f) a light chain variable region CDR3 comprising SEQ ID NO:46.
Another preferred combination comprises:
(a) a heavy chain variable region CDR1 comprising SEQ ID NO:17;
20 (b) a heavy chain variable region CDR2 comprising SEQ ID NO:23;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO:29;
(d) a light chain variable region CDR1 comprising SEQ ID NO:35;
(e) a light chain variable region CDR2 comprising SEQ ID NO:41; and
(£) a light chain variable region CDR3 comprising SEQ ID NO:47.
25  Another preferred combination comprises:
(2) a heavy chain variable region CDR1 comprising SEQ ID NO:18;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO:24;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO:30;
(d) a light chain variable region CDR.1 comprising SEQ 1D NQ:36;
30 (€) a light chain variable region CDR2 comprising SEQ ID N(0:42; and
(f) a light chain variable region CDR3 comprising SEQ ID NO:48.



(b) a light chain variable region conprising the am no acid sequence
of SEQ I D NO 10. Another preferred conbination conprises: (a) a heavy
chain variable region conprising the am no acid sequence of SEQ ID
NO 5; and 20(b) a light chain variable region conprising the am no
acid sequence of SEQ ID NO 11. Another preferred conbi nation
conprises: (a) a heavy chain variable region conprising the am no
acid sequence of SEQID NO 6; and (b) a light chain variable region
conprising the am no acid sequence of SEQ ID NO 12. 25 The

anti bodi es of this disclosure can be, for exanple, full-length

anti bodi es, for exanple of an, 1gGl or 1g4 isgtype. Al fernatively,
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this disclo@fe provides a transgenic nouse conprising human
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expresses an anti body of this disclosure, as well as hybri donas
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di scl osure provides a nmethod of treating or preventing a disease
chdbact eri zewldby growth of tunor cells expressing Fucosyl - UML,

conpri sing .1 g ' t] .
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ef f ect i Aanothen praferadd combhiative odmprives:di sease. The di sease can be, for
exanpl e, cancer, e.g.,. lung. cancer (including.small cell | e
cancery o oy syt Ple SRR barhnriine B APESRGFEER Lo MDD S
met hod of trggating cancer in vivo using an anti-Fucosyl-GVL anti body.
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(2) a heavy chain variable region comprising the amino acid sequence of SEQ 1ID NO:6;

and
(b) a light chain variable region comprising the amino acid sequence of SEQ ID NO:12.
25 The antibodies of this disclosure can be, for example, full-length antibodies, for example
of an IgG1 or IgG4 isotype. Alternatively, the antibodies can be antibody fragments, such as Fab
or Fab’2 fragments, or single chain antibodies.
This disclosure also provides an immunoconjugate comprising an antibody of this
disclosure, or antigen-binding portion thereof, linked to a therapeutic agent, such as a cytotoxin
30 or aradioactive isotope. This disclosure also provides a bispecific molecule comprising an

antibody, or antigen-binding portion thereof, of this disclosure, linked to a second fimctional
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undifferentiated carcinomas of the rhino-pharynx {e.g., Schmincke’s tumor), Castleman’s



CDR1 (SEQ ID NO 32), CDR2 (SEQ I D NO 38) and CDR3 (SEQ | D NO 44)
regions are delineated and the V and J gernline derivations are

i ndi cated. 5Fi gure 3A shows the nucl eotide sequence (SEQ I D NO :51)
and am no acid sequence (SEQ ID NO 3) of the heavy chain variabl e
region of the 7D4 human nonocl onal anti body. The CDR1 (SEQ I D NO 15),
CDR2 (SEQ I D NG 21) and CDR3 (SEQ I D NG 27) regions are delineated
and the V, D and J gernmine derivations are indicated. Figure 3B
shows the nucl eotide sequence (SEQ ID NGO 57) and am no acid seguence
10 (SEQ ID NO.9) of the light chain variable region of the 7D4 human
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Figure 1B shows the nucleotide sequence (SEQ ID NO:55) and amino acid sequence
(SEQ ID NO:7) of the light chain variable region of the SB1 human monoclonal antibody. The
CDR1 (SEQ ID NO:31), CDR2 (SEQ ID NO:37) and CDR3 (SEQ ID NO:43) regions are

25  delineated and the V and J germline derivations are indicated.

Figure 2A shows the nucleotide sequence (SEQ ID NO:50) and amino acid sequence
(SEQ ID NO:2) of the heavy chain variable region of the 5B1a human monoclonal antibody.
The CDRI (SEQ ID NO:14), CDR2 (SEQ ID NO:20) and CDR3 (SEQ ID NO:26) regions are
delineated and the V, D and J germline derivations are indicated.



germine VH 3-48 anmi no acid sequence (SEQ ID NO 61). 10Figure 8 shows
the alignnment of the am no acid sequences of |ight chain variable
regions of 5B1, 5Bla, 7D4, 7E4, 13B8 and 1805 wi th human gennline Vk
L1 5 amno acid sequence (SEQ ID NO 62). nonocl onal anti bodies

agai nst Fucosyl-GWVL specifically bind to Fucosyl -GVl 15Fi gures 10A-C
show the results of whol e-cell ELISA experinents denonstrating that
human nonocl onal anti bodi es agai nst Fucosyl -GWVL specifically bind to
cell s expressing Fucosyl-GM. Figures 11A-C show the results of flow
cytonetry experinments denonstrating that (A and B) the human
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CDR1 (SEQ ID NO:34), CDR2 (SEQ ID NO:40) and CDR3 (SEQ ID NO:46) regions are

20 delineated and the V and J germline derivations are indicated.
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Figure 5A shows the nucleotide sequence (SEQ ID NO:53) and amino acid sequence
(SEQ ID NO:5) of the heavy chain variable region of the 13B8 human monoclonal antibody.
The CDR1 (SEQ ID NO:17), CDR2 (SEQ ID NO:23) and CDR3 (SEQ ID NO:29) regions are
delineated and the V, D and J germline derivations are indicated.
25 Figure 5B shows the nucleotide sequence (SEQ ID NO:59) and amino acid sequence
(SEQ ID NO:11) of the light chain variable region of the 13B8 human monoclonal antibody.
The CDR1 (SEQ ID NO:35), CDR2 (SEQ ID NO:41) and CDR3 (SEQ ID NO:47) regions are
delineated and the V and J germline derivations are indicated.
Figure 6A shows the nucleotide sequence (SEQ ID NO:54) and amino acid sequence
30  (SEQ ID NO:6) of the heavy chain variable region of the 18D5 human monoclonal antibody.



Det ai l ed Description In one aspect, the present disclosure relates
generally to isolated nonocl onal antibodies, particularly human
nonocl onal anti bodi es that bind specifically to Fucosyl-GVL. In
certain 15enbodi nents, the antibodies of this disclosure exhibit one
or nore desirable functional properties, such as high affinity

bi nding to Fucosyl-GM and/or the ability to inhibit growth of tunor
cells in vitro or in vivo. In certain enbodi nents, the antibodi es of
this disclosure are derived fromparticular heavy and |ight chain
gern i ne sequences and/or conprise particular structural features
such as CDR regions conprising particular am no acid sequences. This
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Figures 12A and B show the resuits of Hum-Zap internalization experiments
" demonstrating that human monoclonal antibodies against Fucosyl-GM] can internalize into
Fucosyl-GM1+ cells. -

25 Figures 13A and B show the results of a complement dependent cytotoxicity (CDC) cell
proliferation assay demonstrating that human monoclonal anti-Fucesyl-GM1 antibodies kill cell
lines (A) DMS79 and (B) H-4-1I-E that express Fucosyl-GMI1.

Figures 14A. and B show the results of an antibody dependent cell cytotoxicity (ADCC)
cell proliferation assay demonstrating that luman monoclonal anti-Fucosyl-GM1 antibodies kill

30  cell lines expressing Fucosyl-GM1 in the absence of €D16 blockade.



15 constant region. The heavy chain constant region is conprised of
three domains, CH, CH2 and CHs. Each light chain is conprised of a
| i ght chain variable region (abbreviated herein as VL) and a |ight
chain constant region. The light chain constant region is conprised
of one domain, CL. The VH and VL regions can be further subdivided
into regions of hypervariability, termed conplenentarity determ ning
regions (CDR), interspersed with regions that are nore conserved, 20
termed franework regions (FR). Each Vu and VL is conposed of three
CDRs and four FRs, arranged from am no-term nus to carboxy-term nus
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gem i ne of anot her mammal i an speci es, such as a nouse, have been
grafted onto human franmework sequences. The term "hunman nonocl onal
anti body" refers to antibodi es displaying a single binding
specificity which have variable regions in which both the franework
and CDR regions are 5 derived from human germ i ne i mmunogl obulin
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produced by a hybridoma which includes a B cell obtained froma
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f dt Th t ti hod
s used eEliut SRk B, (RAHCRR, o0 on e 8 Bt Py STV paihiaces
expr gs Zceﬂs omsfwstaﬂfgoi}ed Mauhlpaﬂnegbnb,y.‘:laﬁ?@amme_ N o, lmﬁfhaﬁmt _ nﬁﬁt it} a8

nti bodi es,i so roman ani m .g., a nouse at is transgenic
gr ;rad?@ﬁ#%ﬁﬁ%gﬁﬁynm%@nﬁﬁﬁﬁ ﬁ@@%%ﬁﬁwwﬁ genes or a hybridong
prepared theg eixFMtré&ﬂﬁ&foh%ﬁvfa&W 1R8E 1Ak QMQ:hen(lpe)l ré}mdngmg 'b@t%ve'eﬁ Q lvéﬁe%’

froma host cell transfornmed to” express the human anti
from a fisignek teansdupion mojecnlgs thbtjdﬁle% rdle il the @dlmussmnmfae@mlb‘imnne; portlon

conbi n%‘%t’cleﬁlt AR pBRlh APl ;gs! Ak her%ﬁxh&%%hl(agé 3LRadi a2 BreaRared,

expressed, cre r1'SO er “neans
spl i ci dgr ertankplmmolcquim aondjtapipiéxen oﬁmnbcﬂ&m@ﬂiﬂe sf ﬂeoemhbarmgBN/hnd the

sequen nbi nant _hupan.anti bo Ve,V abl s |n
oo E" et of SR AN A e IR AN bR 3B R e BEA o
i mTunoghiefaed retept@t] ueme @sesertt ﬂxselemraisrthefrﬁxswylt@m &eceb@wever such
rec%nbl nant _human ant%pqoygl es _can be subjected to in vitro nutagenesis.

(or when an "gAfhlang aneedareido h@?mﬁm%#s mepolectiberiesand gny, awligen n
vivo swmdmgfragﬁlaﬁ%fm*aﬁﬁgeﬁrb% @f@lﬁ'@e Btk (RGECNGPS od&h?eféék'

and VL regi ons of the reconbi na antl od| eS are sequences t
whi | e depiglcaproteim T emerising a4 leaet tW@ heayive(H) glaing ?mﬁéwvhg@r{&) blerzseqtqences

rﬁyvpgtcoﬂeéd@dady Msﬁﬂaéﬁon gpﬁg?{gggn Biﬁ gtpaﬂ o&p gggagﬂ fleggéagagﬁ })gh;e

class (comprised ofM Itmvy giﬁir) variable rwgsozeﬁabbxdmdteﬁ 5eﬂagn asia;) landi iaeaybra:ham

const ang [ rases reco

ot ervonkil =l e M eawy chaip R RSB ol RRlarAREY ahEBE L, i o
interc I‘(aﬂg @a&i Vpthehdain bs mﬁphsd&tﬁ‘ atlizhtehadvaaiable bégddn ﬁﬁbz@waﬁﬂ Mei%in as V1)
specific 1gh];§ an antigen. The term "human, anti body

deri vat constgntIRgIoRm Hier light chain Fﬁrﬁ?anm@omﬁf@ﬁlpsreedaq»ﬁqnséevlaln
e.g., ae Oﬂieu@;%ﬂ freﬁ&ﬁs @dﬁtHetf@ﬁYer i ABSE R re ABRTYT HPerdMidbRRY Yiermed

The tern1 humani zed antibody" is intended to refer t0 antibodies in
whi ch CORpseprésite deterarinipg eeians (PR infersnerpedenidlt regions thet arqmpsabongerved,

speg e%enn%uq%:@e%e f@@@@@amﬁmwwﬁéW%&Memm%m

sequences. Additional” franework region cations may be
wi t hi n arfasgedufem amizovienoinks @@qﬂ’enmmmmﬂméwlhmngmﬂw |lﬂ{laﬂﬂ]R;ion

Is int e(ﬂgﬁfl P03 t%l@ir FRE. M%ﬁgieetg 151[113 M glq'etaf%gnd I}aé# al?ﬁll'?s croe%mablndmg

sequences are derived from one sp
sequenaiesmai ’fhatﬁﬁten'aotsdwfth anansiged. hHre c@pﬁmteegmr&mf theastibstienhaonediate the

whi ch the,varjable r n..s ces ar er d froma S nti bod
ARt A B Loy R TS s filsiml y
As 2gsedyhemeb.., effoctaddel 1B thdTatt cosipefidd: (CR) bithdLIagEal &&ﬁ@:ﬁ&g\s}ﬁ

IS |ntended to refer 10 to an antibody that binds to Fucosyl -GV
a KD of 1 x Theerm Gptigaskindingpertipn’tfanapiibody (qr %mlywp@rboﬂwgﬂwﬁﬂr@

pr ef er alabyndreih, rBSMLne! offibre fiRYifen B ¥ bRflody thak Bliity f5 18
term "Kassoc" or "Ka", as used herein, is I n endé%ﬁl?ngae lt*’ emﬁ Y
associ dindie anpnlgeyf(eg., Fucosyl-GM1). It has been shown that the antigen-binding function of
an antibody can be performed by fragments of a full-length antibody. Examples of binding
30  fragments encompassed within the term "antigen-binding portion" of an antibody include (i) a

Fab fragment, a monovalent fragment consisting of the Vi, Vi, Cy, and Cyy; domains; (i) a
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particul ar anti body-antigen interaction, whereas the term"Kdis" or
"Ka," as used herein, is intended to refer to the dissociation rate
of a particular antibody-antigen interaction. The term 15 "I C0", as
used herein, is intended to refer to the dissociation constant, which
is obtained fromthe ratio of 1Qto Ka (i.e,. Ka/Ka) and is expressed
as a nolar concentration (M. KD values for antibodies can be

determ ned using nethods well established in the art. A preferred

nmet hod for determ ning the KD of an antibody is by using surface

pl asnmon resonance, preferably using a biosensor system such as a

06 anti sty iaient Pt f ek ookl & TR e ik e o rites
pref er alis KA Mok (153 FTRiin @SR GUR! 9138 ¥ L0 SR Sherd

target antigen wever, "high affinity I ng can var

ant i bodpnsistEgidhe Vicand udomaies of atsingle aaff dfmineytibddyn() adAb dmgmant|(§fdrd er
i sotype,r ef 1 Vi of, 104 M.or.l ess re

pref er Hor ;Ell g?gféfN WB%%%%# nﬂ'?rlﬁro ggsﬁ%é@ﬁg?vmfo@lwgﬁnfs Laée.rEDZSAs
used P@?ﬁiﬁmmmity éeta:]rﬁniugt@mﬂ'(mml J Hﬂlﬁ]&éﬁb&, lhllrlmghﬂfetwoﬂhmai&mofthe Fv
ani mal . e m s ponhunma I.mal " 1ncludes a verteprates, e.g.,
il ST S R oS SO SRS GRS BFY FEROmEh SBBE Mrggbant
cats, hastE&s, brovmthetibiliakanbat eaMRRikinRdbe Rtk laﬁ.ﬁlglegsr&ein chain h}’%{eﬂcﬁus

aspects _of this disclosure are described in further detail in
f ol | owithg Vs apd ¥u £¢eens pagdo fommmenoyelertynolegules fmavmmsisingle chain FvilseFv); see

ant i bodi £spipf eAdi G9§H)§9Je9§éz42:49§-@,2§;%ﬂg-ﬁ&&ﬂe%§ﬁ g%g)oﬁ}r b1 %aq!. Sei. US4
functional features or properties of the anti bodies. Por exanpl e, e
antlifb o d2e$ 7815883 )s (Sach singlaichain entibbdics aizlalsGlfliendexldd be edzbynphssedwithin@hdl .

Prefer Y Iyl wifis disclaosure bin t o Fucosyl - wth
5 hi ghqa iaﬁlﬁg‘@n?ﬁ%‘%‘?gg@% Iéﬂ\ﬂ ﬂf"’Z@K oF afgé"‘%grﬁ"i%%{g are-dhtaineg psinie
ant i - FeopssntiofE@technigidzddioes tofhosdwith shil i ths urteandrtied Ragidngs £ irddinkd e
or nor eﬁ%bil fol |l owi ng char c{ er.ibsé}.i cs: (a) specifically binds to
Fucosy!"™ehi %ﬁme(rﬂmﬁg?fﬁe?’ L HUORYUfBN smal | cell Iung cancer cell

l'i ne DVB- 79 AHuisodiedSaitiBody (ks theCitreid 0d Mitendb S RFQ 1S aDAntibod@agiBt | body
binds to Fuci%ﬁ%h&go with a KD of 5 x i08 Mor, less, binds to

|

Fucidsy [substant grrantibodiesdraging/differsns antigeicpecifivitis e 85 g iscleted
e . O _ ¢ :

with a ah%myltgaesﬁﬁcg%éyg@ind% gﬁ%sﬁqgm'lggﬁ)s{aﬂhmﬁlf atfbaith gavegﬁcmy

between 1 x°104 r less. St assays to uat'e
t he bi redidantigens ateey tlean HunesyhGiM ) o dMageoven wa isplatedcaodiyodyGhly b subitantiatlyi n

t he ar tﬁeﬁio%{hgp&e@%lea}8{3,[6@%@3@@:,0%8}1&&@ , Western blots and Rl As. The

bi ndi ng ki netics ng affinity) of the antibodies al so
can be asseSdedering "sioardeartambedy'or Kmonstlemel aritbody tomjsisitionss ixgd herein

ELISA, at chard and Bi agor.e _anal ysi s.. nocl onal Antibodi.es 5B1.
SEl " 700 torpeber ke of RGeS of ingl® HiceBlSf partBRshadt Adfonbctonal
di scl ostisodyrcenipbsitibiutplaysandsdioniading spdctrngly esd bfhity 583l adpartilaf Bitope.
7E4, 1388 and 18D5, isol at eg Aand structurally characterized as
descri bed i #%Ek%ﬁbil’&@a& anihedy » asryed hreetprisipiendsddo dede paidodios having
5Bl a, viRMble fdafons 18 RBicAMEthIBORaBERrR RRIVODR e stoRY 40 AR d¥ronfhudan 4, S

and 6, respectively. The VL am no acid sequences of 5Bl1, 5B la, 7D4,
7E4, 13epnlinedrrmmosiepalinsegyupnces Foptbemporeydithe antéhody contgins a gonstatt region,

r €93 C iy &n¥tant region also is derived from human germline immunoglobulin sequences. The

human antibodies of this disclosure may include amino acid residues not encoded by human

germline immunoglobulin sequences (e.g., mutations introduced by random or site-specific
mutagenesis in vifro or by somatic mutation in vivo). However, the term "human antibody", as

used herein, is not intended to include antibodies in which CDR sequences derived from the
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G ven that each of these antibodies can bind to Fucosyl-GVl, the VH
and VL sequences 25 can be "m xed and matched" to create other

anti - Fucosyl - UM bi ndi ng nol ecul es of this disclosure. Fucosyl-Gw
bi ndi ng of such "m xed and nat ched" anti bodi es can be tested using

t he bi nding assays descri bed above and in the Exanples (e.g.,

ELI SAs). Preferably, when VH and VL chains are m xed and matched, a
VH sequence froma particular VH VL pairing is replaced with a
structurally simlar VH sequence. Likew se, preferably a VL sequence
froma particular 30 VW VL pairing is replaced with a structurally

simlar n,0one aspe

di scl 05%?%% prcg)kl\./éllS g“zlilhmlms‘rﬂé aﬁdgﬁﬁlgdgr‘ggﬁ%qm%#ﬂ gr%[reaéfﬂ@

bi ndi ngfrgmeeviaro segubresea.of corrprl si ng: (a) a heavy chai n vari abI e
consi st i g g HrRpaonodsn an by b brfonnibeiechmiins 4 Spee iding
var i ablsediR@tyonhick Bifd vatidle ﬁ%&ﬁlﬁ‘@hﬁﬁ b%&ﬁ&ﬂﬁﬁ&ﬁorﬁ%@ebmeglb m.Lhe
group con5|st|n 9, 10, and 12; erein

of SEQ |D
t he SantdeBuee; %emﬁwaqm gpebmmgos’fm%wm@qes br@ﬁeemdmﬂynqnudh@ymm
Pr ef er r;ﬁ&o%amyanaﬂshlég A8 roﬁﬁ@d%a%‘}ﬁ@hﬁtﬁﬁé QR%h 5@%&&9&3 c(eﬁlab@m%g%é

chai n vari abl e region co e am no aci d Sequence o
NG tmnsge(lb)noahﬂlmghmlmhheg v dmansgbiie mosegs, dmvmgmgenommxﬁphmngmhnmm

aC|d s of SE chai n var e region
conpri gﬁ%‘é’ (ﬁﬁlél %ﬂé%eg aagd g@%léchg 3%“#?“%@54/ “ﬁﬁﬁ "a light
chai n var i afithe t¢regresenthipt hlﬁnamgmhhﬁiya,mm@ecﬁlwréin S@ﬂu@@@ﬂ hefnasEddoRes

12] 15(a acgeav ‘E@I'n vari a eg conpri sing the_am no
aci I s R R Te S S GToBIod 4R 10 GRS OhReHS, BEh 86 73 AP eRpRiss
conpri Sidiited ROmaAManfnA¢e £, & BOUR) Bt RitraDiehicBr NehRhrotlosé Al £8r ﬁ?ﬁ?aYly
chain vari abl e regl on conprising the anmno acid sequence of

| D NO 4mmypaglebylingenesona bybsidems prepared @ere&@pbwewhg} fugthf:rdvelqw@, @i no

acid s (
et on ‘AEAES ilacRoR s et O e tofiod B bl R o LR 5B
I i ght draasfnctvmm (abhmibodigs snlated fypri zsiengnbihmtacmmhinmriaﬂ hemapartibed0 bk

he n n_conprising.the amno
aci i suniRiantBig et Blistet Bon RS a0 et Redpd el
regi o n splixﬁmg oShmgant iremaglobuliicgatie semtmrs & aher QA Iskyuidhdet 2 Such recombinant
human antibodies have variable regions in which the framework and CDR regions are derived

from human germline immunoglobulin sequences. In certain embodiments, however, such
recombinant human antibodies can be subjected to in vifro mutagenesis (or, when an animal

20  transgenic for human Ig sequences is used, in vivo somatic mutagenesis) and thus the amino acid
sequences of the Vy and V, regions of the recombinant antibodies are sequences that, while
derived from and related to human germline Vy and Vi, sequences, may not naturally exist within
the human antibody germline repertoire in vivo.

As used herein, "isotype" refers to the antibody class (e.g., IgM or IgGl) that is encoded

25 by the heavy chain constant region genes.

The phrases "an antibody recognizing an antigen" and "an antibody specific for an
antigen" are used interchangeably herein with the term "an antibody which binds specifically to
an antigen.”

The term “human antibody derivatives™ refers to any modified form of the human

30 antibody, e.g., a conjugate of the antibody aud another agent or antibody,
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I n anot her aspect, this disclosure provides antibodies that conprise
the heavy chain and light chain CDR s, CDR2s and CDR3s of 5Bl1, 5Bl a,
7D4, T7E4, 13B8 and 18D5, or conbinations thereof. The amno acid
sequences of the VH CDRls of 531, 5131a, 7D4, 7E4, 3013138 and 18D5
are shown in SEQ ID NGs: 13, 14, 15, 16, 17 and 18, respectively. The
am no acid sequences of the VH CDR2s of 5131, 5B la, 7D4, 7E4, 1338
and 18D5 are shown in SEQ ID NGs: 19, 20, 21, 22, 23 and 24,
respectively. The am no acid sequences of the VH CDR3s of 5Bl1, 53la,
7D4, T7E4, 1338 and 18D5 are shown in SEQ I D NGs: 25, 26, 27, 28, 29
and 30, res t of
5B1, 5B | a, %&ﬁ&gﬁg{lﬁn a}igzg% Hga{a%g,qgfdggs itferts %‘{@E%%F

33, 34,%Bjuenaeh ®aved ﬁglpab& garmlhye Oﬂ'iill@ﬂmnmanmmhalds;ﬁcﬁﬁ;quﬁrm&fselﬁﬁ@e ern

CDR2s of 7E4, 13B8 a own, in S

Non - 37, SRt g Mo gy e Pl SRR 2R S Bion e st
of the ﬁdkde@ﬁmﬁt}mﬂmﬁﬁﬂfraﬁﬁh@rk@éencgg% 13B8 and 18D5 are shown in
SEQ_J D NGs: 44, 45, 46, 47%? nd 48, respecti velg The CDR regions
ar e del i neat & 1§18} TrgTperic qesibedy é%/%lfeéﬂ? qdtraefgx to amtibodies inwhigh the Tayiable

Sequen Q@éoﬁ’geqﬁéﬁﬁe@ bidieRiled AOMRAL fé?lmd ik ‘361%?{51\{ Eg-lj}-ltsc?ﬂ%ﬂ&és a.%d erived

Departnent of  Health and 10 Huna SerV| ces I on
91- 324 2yom anothergpeaigs, sushias amatibofly inelieh Hhetvatiahle egionanqiene atoderived

= | ity ded

T o SRk i it 7 E Dottt ln SBAEhGds it denl B ROR AT apiipocy.

and CDR3d 3 esarsed heramdax\/ﬁmﬁbﬂmha(‘:@m;ﬁcaﬁyl bﬁiﬂRﬁ)t E.&:_qgg&g@ﬁ?’ dfteided to refe(:jr
ed .an er i es can xe
U D 207 a%"ati"ﬁéég‘bﬂﬁbﬁéw %L}?PF%&%M?W&@ sofni M o s RpJePIe @*@h&]

and COR? *avidr &sé(kn@ﬁﬂeferﬁm X MQVIGDBSQ mdle frefidtdy 9&NO° M or less

anti Fucosyl - ing Ml ecul e %f this disclosure. Fucosyl -
bi ndi ng of c eﬂﬂ'dKnata% ersHy iiBigndsad te agferse th@e@ﬁwhagrﬁgofa

t he bi ng| t he- Ex ELIS
B acor dREE 2'%@3’%%? o BERcASENEeRET ok B Kot Bk s eparelh g
n’at ch eClntehdI@ t@aﬁ’ér fo MSs%Bﬁﬁéﬁ rafd 3f2 pRRARMRR ﬁﬁlkfoﬂ%ﬁgeﬁaﬁtﬁaﬁﬁﬂrfi "Théltbrm

equence is replaced wiith a 20 structurally simlar” COR sequence(s).
L| k

s&p’ manewremss@atﬁéﬁ erstontetheidisseriaiinn constetiawhich isebmbRrY frogDie

1) o SREHRPAIEIEE R RSl e RSB o T

readi | wnap@iewsman be deteimained USmameﬂhde\kell ¢stablishetliin the artha prefenet! méthedrfdr
d d/
R L TR LR

sequend:é&seﬁﬁds no Suedth marmacm:re‘@)Systmnocl onal anti bodi es anti bodi es

aclet thi dbedFesear B3Rray ke o oy 50 FORGBInEHeE 0 RERUaY havpe

ant i ger 1 erliorfavipe Idsk,alort pestaably qoﬂm brSleRi%ind even mé@)préfedBIRVY ' CRBdess
vari abl e region CDRl_conp I’ISI%Q am nqg aci d sequence selected from

the gr dap? et pigeagHemesgrg ﬁﬁ@ﬂ)l”j?m@ﬂg c%varn@r other gripodgisotypey Hpr
a heavyeyeRglekn éiﬁﬁﬁ? ifdihg PorGRRAMS eﬂﬁo%ﬁ‘ A aﬁkz.g f@fmg%

sel ected fromt group gonsisting o D NGs; 19,
and 24;0r less, more P(@)TabIYH@ W ot lesg, nVﬁnamrabtﬂéem@gllﬁn IVCDRSSS(:onprl Si ng an

id dh C o f_SE
0,201 SGYUBREEHERLE LB by A AR B4Ry R T e
r eg| pn @ﬁﬂﬁlmanrapmneé'r mgludﬂs @lhvmbmtrs,d? §ﬂqanemats ané hecthedufiaigsudhhe gr oup

consi sting of SE 3 33, 34 nd 36 t
chain \}gpﬁlggffnep f ﬁ%’r %"gfeﬁgcoa‘f’? (oR ﬁﬂpalbé%‘a’lféﬂélgs’ g@i ected
fromthe gr Q@ioﬁ@i@e&k bflthlso:flscﬁEQdaEE deBriked in ﬁﬁtheﬁ&taﬂﬁ‘rﬁhtﬂé-foﬁilﬂdméz and

subsections.

=
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(f) a light chain variable region CDR3 conprising an am no acid
sequence selected fromthe group consisting of SEQ I D NGs: 43, 44, 45,
46, 47 and 48; wherein the anti body specifically binds
Fucosyl -GV, preferably Fucosyl-GVlL. 10 In a preferred enbodi nent,
the anti body conprises: (a) a heavy chain variable regi on CDRlL
conprising SEQ ID NG 13; (b) a heavy chain variable regi on CDR2
conprising SEQ ID NO 19; (c) a heavy chain variable regi on CDR3
conprising SEQ ID NG 25; (d) a light chain variable regi on CDRL
conprising SEQ ID NO: 31; 15(e) a light chain variable region CDR2
conpri sj 1. B3iboged (f) a light chain variable regi on CDR3
conpris anot her preferred enbodi nent, the

anti body coriei @Bbodles of this (imglosurh m\charaettamzed\bmpaﬂh{ﬂar ﬁﬁgﬂuﬁﬁl fobidies or

compr | PRGN Fipoties- i bt diRrtionaRs S Frestialy infksmsedrat
conpri prﬁ@raSﬁ@chs)fNﬂgl\gﬁ Pfedaratay,: dngﬂﬂhbé‘dz&iflﬁnyéfsé]@ﬁir@bﬁ@&o%c%ﬁdl with
SO | iRl ey Nerpl Wil of TX 19 Moorless i ho et Fiaeaylr QML andeagicsrof
CDR3 Coﬂﬂ‘iérdm"cldggre%ﬂaﬁ NChiht oné Br ABRIJTee RISk cﬁﬂa&%%%:[ Fnlt the

anti body comprises: 25(a) a eavg chai n vari able region
conpri si ng pegifingtly tEads(tp Fueosie@Ml; atshi n vari abl e regi on CDR2

conpri sing heav | e
comori o1 ng By R Gman smll el ARBH LR AMIS ten sEHCRTEEH
conpri si ng SERLR2BGINO : 33; (e) a light chal n varl abl e region
conpri si n abl e regi on
%%) c ogr i :E}rﬁ% %Eg t‘nw:%oa)sbmﬁs % Psucgsyl ?_?Mi &rhth a o 5 x O * M or less, bqnds to
Fucosyl-GM1 withaXpof 1 x 108 M or less, binds to Fucosyl-GM1 with a Kp of 5 x 10° M or
less, or binds to Fucosyl-GM1 with a Kp of between 1 x 108 M and 1 x 107 M or less.

Standard assays to evaluate the binding ability of the antibodies toward Fucosyl-GM1 are known
in the art, including for example, ELISAs, Western blots and RIAs, The binding kinetics (e.g.,

15  binding affinity) of the antibodies also can be assessed by standard assays known in the art, such
as by ELISA, Scatchard and Biacore analysis.

Monoclonal Antibodies 5B1. 5Bla. 7D4, 7E4, 13B8 and 18D3
Preferred antibodies of this disclosure are the human monoclonal antibodies 5B1, 5B1a,
20  7D4, 7E4, 13B8 and 18D35, isolated and structurally characterized as described in Examples 1
and 2. The Vy amino acid sequences of 5B1, 5B1a, 7D4, 7E4, 13B8 and 18D5 are shown in
SEQ ID NOs:1, 2, 3, 4, 5 and 6, respectively. The V|, amino acid sequences of 5B1, 5B1a, 7D4,
7E4, 13B8 and 18D5 are shown in 8EQ ID NOs:7, 8, 9, 10, 11 and 12, respectively.
Given that each of these antibodies can bind to Fucosyl-GM1, the Vi and V. sequences
25  can be “mixed and matched” to create other anti-Fucosyl-GMI binding molecules of this
disclosure. Fucosyl-GM1 binding of such “mixed and matched” antibodies can be tested using
the binding assays described above and in the Examples (e.g., ELISAs)., Preferably, when Vi
and Vy, chains are mixed and matched, a Vi sequence from a particular Viy/Vy, pairing is replaced
with a structurally similar Vi sequence. Likewise, preferably a V|, sequence from a particular
30  Vu/Vy pairing is replaced with a structurally similar Vi sequence.
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In anot her preferred enbodi nent, the antibody conprises: (a) a heavy
chain variable region CDORL conprising SEQ ID NO 16; (b) a heavy
chain variable region CDR2 conprising SEQ ID NO 22; (c) a heavy chain
vari abl e region CDR3 conprising SEQ ID NO 28; (d) a light chain

vari abl e region CDRL conprising SEQ ID NO 34; 5(e) a light chain

vari abl e region CDR2 conprising SEQ I D NO 40; and (f) a light
chain variable region CDR3 conprising SEQ I D NO 46. |n anot her
preferred enbodi nent, the anti body conpri ses: (a) a heavy chain
vari abl e region CDRL conprising SEQ ID NG 17; (b) a heavy chain

-

vari abl e regj (] . I.Sl.Ngl. | D NO 23: 10 heayy chajn
variabl e reg‘%hg‘%r COR 1§ gﬁ‘g# g#ﬂ%“%%lqsffemviés af‘éﬁg?%eqa'?l@?ﬁcy%]aﬁnﬁlbod}@ or
var i abl stigew bmdingpRiion diigpedfebmgriSg | D NO 35; (e) a light chain

vari abl e regj on CDR2 conpr.ising,SEQ I D NO 41; and, (f) a light
chain varia Earhéﬁ‘fycﬁ]?a’@%a@ﬁﬁﬁqns@ﬁ@ngﬁ@@ PO, agH seqyenge stléntgd from the

preferr BhRAiARHSEG e Nant1, Bosly is@s: 15(a) a heavy chain
var i abl%g?lggi on l%Rl _c%npri sing’ SEQQE%@BNCE).%?& (b) a heavy chain
variZabl e redibbaligtrbais yaprtlesiegtpnSEmprisingia anino acid sequen)e slded\ioncihai n

vari abl ' : Il 30; (d) a light chain
vari abl °§§8‘?‘§ﬁ“‘%@%‘gﬁ%ﬂ%ﬁﬁg’ %Eg *%236 (e) a light
cEa! n vari abrmrcla@mnmpmmh@m m]|-ng8pib§eraI??@uaﬁ§n?}}\@kl i ght
chain v@aria r eqi conprisin 1 48. is we nown
in the %tht%%g?av?'%g&)gg%ﬁ%&%ﬁ ',naﬁ?ﬁg’b”i'ﬁcgéntly fromthe CDRL and/ or
iy A oni ety e vt i - Sy

o ot o1 2 Do SIS o BBhL SRRy RANe winn Briieing g aeid symased SBQ
a commomm GORB gsequence. See, for exanple, Klinka et alL, British .1 of

25 Cancer 83(2):252-260 (2000) (descri bi na@t he production of a
humani zed a chpinvBBBle tRglamgompHsing Fie aminwscid seguenceaf i abl e

a
domai n BUL i i o) [ L, J
Bi oL 296: 33%%%%8@0?“%%‘5@9’6?%& %%?é‘%%“ﬁé%l{‘gﬁﬁa?ﬁ%‘% it séibence of8EQ
gl ycopribt W0r8; 2r (EGP2) anti bodi es using only the heavy chain CDR3

SEHENCS 8BRS T S BEpR b, e
SEQ ID NO:3; and (b) a light chain variable region comprising the amino acid sequence of SEQ
ID NO:9; or

(a) aheavy chain variable region comprising the amino acid sequence of

SEQ ID NO:4; and (b) a light chain variable region comprising the amino acid sequence of SEQ
20 IDNO:1G; or

(a) aheavy chain variable region comprising the amino acid sequence of
SEQID NO:5; and (b) a light chain variable region comprising the amino acid sequence of SEQ
ID NO:11; or

(a) aheavy chain variable region comprising the amino acid sequence of

25 SEQID NO:6; and (b) a light chain variable region comprising the amino acid sequence of SEQ
ID NO:12.

In ancther aspect, this disclosure provides antibodies that comprise the heavy chain and
light chain CDR1s, CDR2s and CDR3s of 5B1, 5Bla, 7D4, 7E4, 13B8 and 18D5, or
combinations thereof. The amino acid sequences of the Vi CDR1s of 5B1, 5Bla, 7D4, 7E4,

30  13B8 and 18D3 are shown in SEQ ID NOs:13, 14, 15, 16, 17 and 18, respectively, The amino
acid sequences of the Vy CDR2s of 5B1, 5B1a, 7D4, 7E4, 13B8 and 18D5 are shown in SEQ ID
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30 panel of humani zed anti-integrin avi33 anti bodi es using a heavy
and light chain variable COR3 donmain of a nurine anti-integrin a433
anti body LM609 wherein each nenber antibody conprises a distinct
sequence outside the CDR3 domain and capabl e of binding the sanme
epitope as the parent muring antibody with affinities as high or

hi gher than the parent nurine antibody); 13arbas et at, | Am Chem
Soc. 116:2161-2162 (1994) (disclosing that the CDR3 domain . 5

provi des the nost significant contribution to antigen binding);
Barbas et at, Proc. Natl. Acad. Set USA 9: 2529- 2533 (1995)

(8o DRt 56, AT 81,2408 94, RN B S b PE R e PHGTROER
ﬁ hai n (ﬁgBIaISBaatM éE@,gBBSBn?(DB]?S EabhmhefnesEQ I}Bplcmzsnms tzhezlmg shd B

eav chal n e nstrati n naln al one

Cont or FEPEHTRN B RUEY FTE FAyECeR Ao ST IsT 301, 35 PG B
10 749 (81896} smaxsm MENGE31 L ina3 334U9|5§§13@?J Fsécﬂwlx\z{&amﬁé é‘rhmefacﬁnl y

to a heavy

t he heavy chain arent po ecif
chai: SEIRTRORISHRr EDR2F 6o P Rknd Tio REf.d 35 st HEPT2eh ShoTainbHQ M dy
vas sulNogbens, 59 ook Pl 4l gﬁaaava POOhd b fgbgma odilficddBF B3, /iR 35 JF3RA,

of these reflerénces’i's here I ncot porate rence 1 nti
ent i ret%BIaA%BéLriﬁ-#n@ﬂBﬁ angi 1t8m5WI@ﬂ10MImSEQd&N@S 43,1Hd, 457, d6 it andi48c| osur e

d baodi L0 S
Pl oht © CRtR T TRR s B B T e e Gy o R & 2 5 BLEBD
r at antqumlSh(:ﬁ?) of i[B:bd i of bemonslogita) ﬂﬁhre&?ﬁifﬁh@ﬁtidxﬁ UCnng?pélﬁn?ﬁ of I—Ieahr:]h and
i ndi 0, Fucosy] - in some enbodi ments, suc
ant mﬁ%ﬁﬁWF%SﬁﬁiﬂhEaHPn#% é?%% v and/or |ight chain CDR3
donali nfr om @v&?ﬂrahé&ﬁﬁi Bf kel AABOAidstthn 811 16 Fm%mm 2R TRE &h{g@nibﬁ{dmg

bi nding with; (b) retain the functional characteristics;

t he sarﬁ@eczﬁc@mw@fﬁfédedmﬁy fsethe (AR &DR2PadF DB rrpiong, the %rﬁl@l&l,@m
the cora&la%?m%seaae&@g %{HS 7 | CPRY; é&yﬁﬁ% e m&gc nees an\%h}a%ﬁg%&ﬁfamhed»

aspects resent osur'e prOVI onal ant

conpr i dF ﬂgcme‘ fmm #ﬁ;‘e@nh@mbydlammdwe rmxxgchandamazcln altipRgh dmimnnbdidymmsi

;Ir:)]%t ahéré(%%ﬂh nﬁn ani’na Cwaﬁﬁgﬁ%ﬁe #its ’hu%g%gcgﬁg %8%%}31: hé 6

capabl eFubsyd§di bindiig moledubediofithit disfosmes yHuc@w GMitbinbiep off EIJC!'L%lﬁB%d

domain fr t,he . first h nt.ib repl aces .a domai

nurmn dRFEBEa e e FERR R Eibe R PingtiBgaees nomEd e aa e s
gener at(g gA FI4SA4) dsl&umam@@ffsy bpﬁkyeramtwnea 20DR!s8qiRhcSRALIN{He8 ahd datched,
bi nding, to FUCOﬁﬁ% GVIL Wthin sone enbodlnents such inventive

ant i bodheSDRInEPIRS; ang/op RDRGseansnee Hemwparictan ¥ nispqencedn sapiacesbirith a
dorgi N sﬁﬁa@tﬁﬂéﬂ%nﬁﬂdr@DPPet aﬁ‘éﬂl DREVisE, B heAE cmg&}[uen&é al%qnﬁe i ng

for binding with e functional char eristics; bi nd
t o t he Barkedephie @W@W%@D%vau@% Fraiml apartiduieg Nm@etaiememr@ffraé)s' is

the co r%@ﬁ@%e%wg st Jﬁélm 1At é]f)R@ t it%ﬂ%e red%% ?130 tlﬁlggfcﬂgdnly

Particu I ne ences ain'e
ant i bodskillet! artsiag ticit saz:webiiu red Vo ﬂwuﬁms can waaawetﬂiyaubsnmngahie er mmgs: ¥n

f rnd h bul
1 ot R NG i e e R sl A SR e Gl s
i msnoglisesed hergrfor mbirelonakanibbdies mbadlesr 931@ sBes wnb@m fIE_!;BB anll I8B5,

di scl osure pyovides an isol ated onal antlbody
St L gon bt ok AP AR DLOIOR S RSO OF A B TRRGElFTeA B ibocs,

regi on drhatigdnShihdify Poraenflercdf cohpri@iph ved from a hunman VH 3-48 gene,
wherein the antl body specifically binds Fucosyl-GMVL, preferably

Fucosyl - GvL & P-H%‘ﬁ’d’éhﬁ'ér"aﬁ@té% weiaCIRbepmprsing anamino aid sqayensestlected
provi degyfihd gehAldRe Wwﬁjl\@gtmbgﬁxﬁ @ 170, AE | gen-bi ndi ng

portion thereof, conprising a 10 |'ight ‘chain variable region that is
30 (b) 2 heavy chain variable tregion CDR2 comprising an amino acid sequence selected

from the group consisting of SEQ ID NQs:19, 20, 21, 22, 23 and 24;
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(b) conprises a light chain variable region that is the product of or
derived froma human VK L15 gene (which gene encodes the am no acid

sequence set fort h in SEQ ID NG 62); and (c) specifically
bi nds to Fucosyl - Exanpl es of anti bodi es having VH and
VK of VH 3-48 and VK L15, respectively, are 5B1, 20 5Bla, 7D4, 7EA4,

13B8 and 18D5. As used herein, a human anti body conprises heavy

or light chain variable regions that is "the product of' or "derived
from a particular germine sequence if the variable regions of the
anti body are obtained froma systemthat uses human gennli ne

i mmunogl obuI : C I zing..a transgeni
nouse carryi !r:ljdh %ﬁ%@%ﬁ%&@%ﬁﬁ%n&g@%@% %F@%ggﬁfgﬁgﬁe %ﬁe‘:%e%

i nt er esftoro thesgrowestingigtizg ¢AFHMID NOw26026 BE) 28029 emk3d; i brary di spl ayed
on phage w th t int Ahurran anti bo that is "the
pr 08 uctg of ' (g)r P@E%ﬁ%)gg Brbg‘?ﬁeglﬁn%@nc 78 ARA AGseawes selected from

SequenQBeQ@ﬂpb@nsﬁﬁﬁ@beEQdD&&)ﬁM@B2@B WBB%HBG the amno acid
sequence of the_ human, antibody to_the am no aci d sequences of human
germ i ne |tr(%ﬂ8§b 0y vl ablp Fegion) R P@nwﬁénemnn@waﬁqqﬁence selected from

| munoghoBulip Bm?s?s‘ﬁHEBFsBQITBtN(Ds'SS’Pb@SﬁShO 4 aﬁﬁz@%ﬁence (i.e.,

greatest %identit to e sequéence of the human anti body A human
anti body t hdd @hghttc empfmd%eteg@ﬂ CIR3 caerisingchnfamin acid yguetice séleated from
human v, tain amno acid

differ gﬁ% Ohggo%gm ggg%thﬂbssggggﬁ%ﬁgggqaﬁé%ge due to, for

exanpl e, natwhesdih ;hemntthdﬂspg:ﬁaaﬂaﬂamds Futaayl-GRH , prefaratlyeRiidogylabM]1.
int{od ct| on. of S|be1 di r“ﬁ 51(ébrrgﬁbatl on. However, a sel ected human

ant %o d 2RBPRS FHPqdiment. e AU{bod 6emEHISEY cal i n ani no aci ds sequence
to an am no(@cademqmn@anmegeﬁdmmmﬁ:g@x RO:17unogl obul i n
gene and co E‘ |d resi dues that |dent|%the human

ant i body as © BB eI FO* 1 $munogl obul i n
amno acid Wﬁé&@?&ha‘iﬁ veﬁfahl%&cg?&?@l)ﬁ% c()ﬁlg)ﬂsm% REOHIDay@esn i ne

sequences). In certain cases, a hunan an may be at | east 95%
or even at I(@sslightghain yamableyggion GDRIgmmpdisingiSEQ 1D NOBt no aC| d

minogl obulnE SEE AL AR RO £ R e o BN T, om
particul ar Nﬂnahglt@hgarvmlabrh@regxeq@Rbcmprismglm HyNOod3more t han 10
am no gcgi d |ff e e 1 aci d sequence encoded by the
human 3 ﬂ ”“nolBP%Jdl?}Fl?'t tﬁagﬁ@oﬁyﬁo%%qs[ “¥i n cases, the human

ant i body rray(a)dahédv&)chmﬁvamtﬂae iehipn CHR DEongt Big SEQVIY Hdbﬁn 4, 3, 2, or

1 am no ac ference fr t he 0 acid, se uence encoded by the
gernline | BaFBBE R Ve feﬁenm rﬂr& In yet

angjpher enb@ghi ameaty clidin adttabbqégio@tnmlcenﬂhaﬁg SEOQND N‘@*IB" i ses heavy
and |ight chain_varjable_regions conprising am no acid sequences that

are honol ogé%@@tfﬁnﬁﬁ%fﬁélpd%t@mémé HQI® ¥Peerred
t i1 bodi gt th
o o St o 4

desi red funct’i onal E@opertl es I bOdI es of
this di scl ot lightghain vasiebipiegion GHR3 cimprisbg HEQ 1) NOidles an i sol at ed

rmnocl a| ot vetidn a'cbli%(d eﬁgo&ggﬁtgﬁgmmq%ggg‘%n@ﬁagl on thereof, conprising a

heavy ¢ e region and a i'n variable region,
whesei n: (a) aheavy chm@az)arlaﬁlmregma\QDRhmmpmargl SH) B Neljlig n conprises

an am no acigd sequence. that..is at to an am no
aci d sequené@ §§ig%‘@t @amf"PB?RI? &Gy 69%@?5&1 Oﬁgiﬁ? =| D 25NGCs: 1,
2, 3, 4, 5 ghiEavy cham vanable réddn CDR3cofptsieN8EQ MO ak! e regi on
conpri ses arz ﬁ% uence that is at Ieast 80% honol ogous to
an am no am@gllééiﬁé ’é‘@e"‘} £gign Wr’é’rné SEEENNPE3; ng of SEQ ID
NGs: 7, 8, 9e)1R1ightkhandadidb] %ﬁg})@ qo0r nore of
the30fol | ow rgg) prlg erties: 3?)?@% he antibod %B@nds to Fucosyl GwviL

a 11ght chain variable reglon CDR3 compnsmg SEQ ID NQO:45.

In another preferred embodiment, the antibody comprises:
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(d) the antibody binds to the human small cell lung cancer cell |ine
DVS- 79 (Human SCLC ATCC # CRL-2049). I n ot her enbodi nents, the
Vu and/or VL am no acid sequences may be 85% 90% 95% 96% 97% 98%
or 99% honol ogous to the sequences set forth above. An anti body
having VH 5 and VL regi ons having high (Le., 80% or greater) honol ogy
to the VH and VL regions of the sequences set forth above, can be
obt ai ned by nutagenesis (e.g., site-directed or PCR-nedi ated

nmut agenesi s) of nucleic acid nol ecul es encodi ng SEQ | D NGs: 49, 50,

51, 52, 53, 54, 55, 56, 57, 58, 59 and 60, followed by testing of the

encoded alt i : i : |- functions
set forth |$1t5)(eg)h@éz}hlc#B ?%%Qﬁgg@sg@ﬁﬁs%l {:#Heﬁﬁsﬁlr?ﬁ:%llé(gﬁgmcﬁg’ays descri bed
herein. 10 Ab) adeavyuhain variablhecgier CORE chrapmdingyEQEDWE@R2L WO ami no
acid sequenci I S egﬁi.val e to, t ercent.identity between the two
sequences. T afbeé"?’% N VERARS 1EEOp SHIRENE R ESEYOSes i s a

function of (Hﬁ@liglﬁfmﬁhv@ﬁaﬂl@%@Rpﬁﬁﬁrisﬂff}%ﬁj‘ﬁﬁﬁ@):ﬁﬁ the sequences
(i.e.,%homl ogy = # of identical gole ons/total # of "positions x

100)°, t aki nd®) Atight@ainvariablsee gomppisiee SEQADNRX40emdt h of each
. whi ch , ik ' j f th
gap, whic g@egﬁgmcg%nlﬁlamék%foqéws ed}ﬁeﬁrfgg{rgﬁé%ggw&so the two

sequences. conpari son sequences rmnation of
per centnjagethed nrofetred embeodimant, the quighody somprissse acconpl i shed using a

mat hemat i cal it 9] in the.non-liniti exanpl e
bel ow. | (ﬂ;ﬁégfg)ée‘}rycc@%@%ﬂ??@&d%%%@m n&##m :gﬂsegugﬁce: can
be det er ni ndt) adieay dhain akighle dghon CDRE colvRysiSSEQIDWO:M; | er ( Conput .

Appj, Biosci,, 4:11-17 (19 whi has been 20 incorporated into
EhelaL o prl Y § %?ﬁfﬁ@%&l?n@%%gcoamﬁm;?@%w % esi due tabl e,

a gap | engt igpengltichaifvaddblengion (0L RefiRlsing SHQ th Non#ddi tion, the
percent identi tii bet ween two am no _aci d sequencés_can be determ ned

usi ng t he N&BUf dghirhaigratiabie sgiqy CRRZ cunpisingi$EQ A N 415and70) )

al gori t hm whhChjiBRehgeariatie RiRRI @ R cd il Rid Sy Ng.@gram i n the GCG
sof t war e p\ggflgagég?avai I al:;I e atg VAW, gc%.ng%rjrjl, usl ngl\gt ler a Bl ossum
62 nmat ripanetherprefaved embedimest, the sailpds comprisesi ght of 16, 14, 12, 10,

8, or 4 i f . sddditionally
or alternat i%@gFg?é‘&rr@%r‘)é@%?%}e§§é’u(‘é?l%ggm§?mﬁ$e&b9gée 1 i scl osure can
further be ubedhasvyachimuerigbls espitaCOR?2 tamprésiigO® B D MNEHPEh agai nst
public databases to,. for.e l.e, didentify, rel quences. Such
sear ches caRc eﬁ‘é?f’%ﬁ‘%%f‘%@ﬁé‘"?Eﬁ‘i@ﬂ@%‘“ﬁgé&ﬁﬁ@@ Sion 2.0) of
Al tschul , et(dpd light E88AValillle Rigloh CIZBeaibiisid. SH BPNON QL ei n sear ches
can be 30 perfornmed with the )(BLAST program score = 50, wordl ength
= 3 to obtail® afERFham rigklyrerndsDRS pemeritiusSEQ P A atEngody
mol geul es of(t)t&Jﬁgm@h&sﬁlvgﬁm&mgmmﬁwnﬂmqﬁbwm@ntS for

i

conpari son purposes, Gapped BLAST can be utilized as described in

Al tschul et 185 wel (1B %h)in MeGhehs HRCCHR3 BERainZRdpkhddds Froid e cO¥E
utilizin BLAé'IWeand Gaplpl)ed BLAST program;,amf heé%ef aul't ogé{ri)lz%ar(r:eter%d{)?‘r

t he respldB2 Aomaiptpgplenesap detgmingibe AgmingrrperiBeinsi)ancatibely fusedigngt®ee
' or oo Beriheediiple 3nd¥d S Saibabiy ORRLR i Mo SR0LEYS
heavy cipedificigabaseddrea regmon CERPpeqwsnng 2By exGbile, XonlGRIRA!. SBrdnisdnt b
| i.ght ' ' . i Si. 1
ceion e CAAT R 006 (h60 G R FRioBio B it au TR ey
Zpeci f ibleglgﬁmﬂme heawy heguariclsle dhasie %12{3 gﬂmmm %grml%i&?i;@oﬂi#ﬁ Beiboer
escri be rein_ (e, , L, , , Or,

conser V¢ vgﬂfﬂgg@é ‘lia %gﬁ%igi% @E‘b@fi?mﬁ?‘i‘ﬂ regARbaRt QPF% E}el% ghvperaptei-2 (EGP-
retai n H)harisiesdshBthglonRictht a8ak cRERLERI R§udke biGe plehtaMaeSMOSM ] ant-

anti bodi es of this disclosure. Accordin t hi s di scl osure provides

|
an | sol ol EPRSIDGRAST e+ BesyNard plcas Sei St SUBHG- 305 (1 998) (eatrivone 2

30  panel of humanized anti-integrin a,Bs antibodies using a heavy and light chain variable CDR3
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20(b) the light chain variable region CDR3 sequence conprises an

am no aci d sequence selected fromthe group consisting of amno acid
sequence of SEQ I D NGs: 43, 44, 45, 46, 47 and 48, and conservative
nodi fications thereof; and the anti body exhibits one or nore of the
followi ng properties: (c) specifically binds to Fucosyl-GWvL; and
25(d) the antibody binds to the human small cell |ung cancer cel

line DV5-79 (Human SCLC ATCC # CRL-2049). In a preferred enbodi nent,

t he heavy chain variable regi on CDR2 sequence conprises an am no acid
sequence selected fromthe group consisting of am no acid sequences

o 1 FeSTORE TRe T e iR S O R grtinceore

sequencengeispy d dsincaseqasice@uiidedhsSENRB A6 aHChE ¢ df%mdir%@th&léa‘?ﬁhoe itope
consi stl%ﬁ of am no acijd seqﬁ1 r}%es of SEQ I D NGs: 37, 38 , f
and 42, 2SHARPESR SRR APURedY Wt 3ifiikies asduch trdvighsr thap sheprennhavuripe antibodiy

embodi MBsthas dr BE, QAN CHENASHR. mnmlzq 63 El@bmd%&ngwﬁlé‘@a%fﬁa{ﬂlﬁes

an ani no acid sequence selected fromthe group consi st ng am no
aci & seljfovdesshe ppstsigyifinheosniriteition p antigen higding); Hachag 8¢ alaPeoc. Natl. Acad.

Feg on T SAaE AR g% Rk ERing ARGt Sy Al CoMEedindir i 5
the gr dh;retf‘@b@ﬁ&-ﬂ; &bﬂlﬂafandiﬁi-ab) againsit lmemu@twaﬁaldstE@td the h@ry&ﬂam 32an

o oea RSyl P BRRRY i Bt n B it (RS Pix demonstrain tht

i nt endettle C!Dmefoﬁ{ani ﬂo@dﬁ@&r&@lhﬂmdﬁ%ﬂpﬁdlﬁ&ty)m Di&%l efQR J‘Qitnmunol 157:739-
signifi %2(5)#{ i\({%e t or alter the binding characteristics of the
At o (Aouboe R e raline Ancles PO R of Bl FcsRseshEin GRS ofa
rodi {1 Cﬁé@ﬁ/ﬁly&ﬂ%@ﬂf‘é%b@@%o%eﬁ@j Qxaﬁf&%%&ﬂé’sfgé&ﬁﬁ:l %%ﬁds @Bﬂﬁmg

del eti ons fications can be i'ntroduced into an antlbo

di scl oskaber3py a@tbéi’ﬁﬂ&faél swf@eﬁnﬁtqm@@nwm specifieity efithe P%Gm“ﬁ*'ab)s Each of these

site-di agenesi s. Conservative

am no ar%l dén% lgy%t n are fégs?réiﬁﬁg I;’eﬂu% amno acid residue is

repI aced wi tArcardingly, n(wnéjm ccerteigi ds;ecth,a\thmg)raenﬁ riidchisei geovideai monoclonal
am no _aci d resi dues havi i hai.n%i have been

i es..of I.
ot o oAbl AR e i el i Brfi® GG o PR Rian
si de cmamnbsdy( auch as hymbue, onrayiantibely, hihsteirdiRemonetordl anhode is apdte of

(e.q. | ut ac unchar d pol ar side chains
(e.q., S@F%Fahléfcb"&@%?%g m ?Md%*@ SoLgy ‘?‘H dimeis e antihogies spmprising
cyst ei Néhe dk koS RGN RNG/ 0P ﬁgm%halh CDREdSRAA Bond @n&l-hmaéraﬂhm&iy ¥8hid\@pable

| euci ne, i sol euci ne, %ro i.ne, phenyl al ani ne, nethionine),

bet a- brafrfompgting & Rpdingsvithe () retain theo Amational sharateristian | (€L bindetp thp dame
ar ti i r I

o i BpbE R BB, 8 simild (AP RN I B0 SO ondihl BRRBAE Bop-flkan
regi onsangbodyn ant i body of th| s disclosure can be replaced wt h ot her

am no acid g gjélq%%tr g o al neﬁgcggsug ?r'oOLd{esamohé(cl?r%g tﬂ:’%d ﬁl%lplg%{lg

anti body can tes unct AFUnct
forth mne(ar)mcan tedv) aualbml@t olsdim LR 3ed dnahe fioona firsh Samys adlﬁsﬁm el as, for

her ei n. nt i bod| es t n the Sa Eoi t ooe ,
ot Bl s Rtk oblafog | frah f endtmRe meL aterp the first human
entgsdi fmllﬁbod)ilb b@adle&ﬁs@édiﬁ@ﬂ?@ﬂﬁ%ﬁ FabdsyRodTIesmdt WiddreiR kRACIHR3 HhBad

epi t ope, on Fucosyl - as any of the Fucosyl-GVL nonocl onal

ant i bodh@ &rghupgh @%M&%%la?eé 2 (DR3 dogainj la@onl@aan{ asibodyathat sHecking bindipe
to cro e&ﬁ&ﬂﬁfoﬁ Fﬁwsybenﬂn ﬂ&%eh&aﬂé‘é%@c%ﬂd 13%%&& wat% @Qﬂ@o §f smesifically

nDnocIonaI anti bodi es of di scl osure erred
t he reflirding® EWPFBBW § (Wxthm some embodiments, such 1nvent1ve antibodies cornpnsmg one

or more heavy and/or light chain CDR3 domain from the first human antibody (a) are capable of
30  competing for binding with; (b) retain the functional characteristics; (c) bind to the same epitope;

and/or (d) have a similar binding affinity as the corresponding parental first human antibody.
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30 cross-conpetition studies can be the nonocl onal antibody 5B1
(having VH and VL sequences as shown in SEQ ID NGs:1 and 7,
respectively), or the nonoclonal antibody 5Bla (having VH and VL
sequences as shown in SEQ ID NGs:2 and 8, respectively), or the
nonocl onal anti body 7D4 (having VH and VL sequences as shown in SEQ
ID NGs: 3 and 9, respectively), or the nonoclonal antibody 7E4 (having
VH and VL sequences as shown in SEQ ID NGs:4 and 10, respectively),
or the nonocl onal antibody 13B8 (having VH and VL sequences as shown
in SEQ5 ID NGs:5 and 11, respectively), or or the nonocl onal

ant i body 3813 (}ﬁ@&?%‘%ﬁ&@énﬁﬂm@u%&es as shown in SEQ I D NGs: 6

and 12, Specti vely i ng anti bodi es can be

i denti fied basexdain ambodimentgan antlttodymfcthl.éselomedmpmat bhé’ﬁiach&ﬁvhﬁable
D4, TE4 ndar ucos b| ndl ys. For

ex arrpl e g’ﬁ%ip g’r %p H}&%ﬁegnﬁ %&a%‘h P %ﬁhﬁé vadabde

t 0 denomgion diom a:parﬁarlar(mlimetlighnchmﬂiitmhﬂﬁagwbhhxbgéiiees of the 10current
di sc] osure. TJhe abili t of a test anti body to inhibit The binding of,
for “exanpl e, E%Biamlgﬁlué Hbprredampodimgng this @81951"‘3 P@Vﬁﬂ&é%VPh@Enonocloml

denonst h ]
7E4, T by, bEal adign E?’ﬁ%ﬂgﬁa %@Qgﬁgﬁ%ﬁ%ﬁl Behelf ChaheriaBdrBrion{ e s

sanme ephe Bisdugef prdeiypd figwa IH-B‘H@B{H 34Blzenc, pidreinniid antiBBs spmnﬁbﬁl]ﬁbmﬂm

on’ FucosyT o e oMU b B R o BodiBe AR St

nmonoc!| awavideseni ibdagd mSnodiortal mbodp,nmah entigen-dixtdinyostirien thesof) €om ?ﬁ?ﬁg’ £d

ant thodt L kT S BRERY OF el e B Rriro P Tt B ot i

usi ng ahe arrﬁhoby)ebecifmalﬁjnbindmbwbsylm/IMI&eﬁblﬁl*’l@oé#ﬂ(ﬁ\ﬂﬂ/ nye‘c/ano'iﬁ‘éi‘ﬂ)?é?&?eﬁ

di scl ose c‘%H_{Lel n aa *toartl n tel: to eng Qeer a nodi f

ant i body™ s disriogye Bﬁ’c PelapEbrdyy %ﬂﬁﬂb@nﬁ%m

t he sta}jotrﬂld]gha@&f la,ﬁghémtﬁamﬁmoﬁpody can be engi neered by nodi fy| ng one
or nore residues within one _or both variabl e regions

and/ or VL), (Moforesishi Beayy chiip Vé’h@%ﬁ%@ﬂ&@)ﬁ@?@éﬂ@mg oaqbﬁ;vbd fiaitehi n
ONe| 50T HIRELR V| RIB RN WhRS é‘a@icncp\g&'t é@gﬁah a¥id3kq hée%{‘ W& b;égelﬁ%o 61);

anti body can be engi neere 25 no ng re ues W
constant r egbknWSESfmglléR@A@W@lablﬁ repive that tséheefrbduct of of denieed ﬂm(nsa)huﬁfan

por 1 or nuaE L e B e e 5 RRuPIECCR PSP D e

pr edom nant I(y) stphcrlﬁwylybéndsm@Famsyl GRHI dues that are located in the six

heavy and Ii haLn co ment erm ning_regions (CDRs). For
This 30 1 caddmPlenar SHHOAGIeS EPais Lt a6 ot T BrAR Aael L Bvprstiacta e sBb
betxoeersBladivg, de4) 1 388t dndqdDgs Than sequences out si de of CDRs Because
CDR sequences ar respogm ble for nost antibody- _ antig

i nt er act i ong>s Ysgd pereig Rippanantigody, Wesrf@éwliﬁlﬁﬁh@hﬁft@b&ré&mﬂmﬁ is
mmc tde ﬁb&i&?éﬂ’"o@sdéi‘fveé ResTfal farinalay gahhmee el lme%ﬁéﬂ%)ggﬁﬁs Q%the

constructin eXPr ess| on vectors that I’ nclude sequences
speci f iatibrdnararhtginetEomae sygemihatvowhugan geming imowhoglaimiiordenes. Such

{
g, Ryagrh Ak UpbBrga Rt Nollh birdhl bSO RRELL ek §p e
at 2(51981@)1g¢na1funterem Sﬁ@@}lﬁ@ﬁhw@mmmur@gloémmgene(Ii:bﬁﬁﬁ)ilsﬁ’rasml ostake with
the antigen of interest. A human antibody that is “the product of” or “derived from™ a human

germline immunoglobulin sequence can be identified as such by comparing the amino acid

sequence of the human antibody to the amino acid sequences of human germline

immumoglobulins and selecting the human germline immunoglobulin sequence that is closest in
30 sequence (i.e., greatest % identity) to the sequence of the human antibody. A human antibody

that is “the product of”” or “derived from” a particular human germline immunoglobulin sequence
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Acad. See. U.S A 86:10029-10033; U.S. Patent No. 5,225,539 to
Wnter, and U S. Patent Nos. 5,530,101; 5,585,089; 5,693,762 and

6, 180,370 to Queen et at) Accordi ngly, another enbodi nent of
this disclosure pertains to an isol ated nonocl onal anti body, or
antigen binding portion thereof, conprising a heavy chain variable
region 10 conprising CDRlL, CDR2, and CDR3 sequences conprising an
am no acid sequence selected fromthe group consisting of SEQ ID
NGs: 13, 14, 15, 16, 17 and 18, SEQ ID NGs: 19, 20, 21, 22, 23 and 24
and SEQ I D NGs: 25, 26, 27, 28, 29 and 30, respectively, and a |ight

chai n var r rising CDR1 apnd CDR3 sequences
oo R Bt B o BB R Ao S BB SEBUSER T o sl
of SEQ fdRurhlso&dyriRsoniae mithtiofSoraniniihal SEQMBoNEBsiBiredRd 3RuatBY;

43, 44, 45, 46, 47 and respectlvely

40, 41 and 42 and S A8,

Thus, RHC S Sﬁgﬂﬁeggl%ﬁﬁ NQ?’H“X eloplly isty legst’ S0¥prerical iamedno aids sequence
monocl QBah affitd R9HiRaeneBincoall @y a Kkan %egﬁiimé'ﬁﬁﬁ lo%ﬁﬁq? Sfeland B¥ntains
contain different franework seduences Tromthese nt| 5| es.

Such f raminquerid r@éﬁ!@@ﬂ?@@d&éﬁﬁ uptan antiteddly fas being inharcwiid/conatasdias ds or

Por e apemife SRR i) LM RE of BhefHeid (ol IR AR
c haimn \mqﬁl@bdza) freggirtaim ogmsmhmmm dndbddyunaly Bdﬁattlelthet 0SVBas evenfuﬂ Maakt 96%, 97%,
o, mm e SR e AR S ol etef 10 e bfpoielGpatopec ncodedbydhe

(1991) @esussinesutkldBuli gines T\yﬁlcmm Mamas bedody BéHe8 Fom Eﬂéﬂl&m human
Edition, U.S. Dep artnegt of Health and Human_ Servi ces,

Publl c BerBlintgsduenre 3l display e poEoiian 10 amgno agid differericenom therpraino acid
Repert

& bups e GBI BE Rl o lin RMERGREKER, n FeluPPils, Bigtfofuan
Bi ol . 2miibgdyemay digplaypeimgrsdthang3, opevag noenoxalthan(419,921)or 'lAmimm diffgrente

E;Jgan %rré{ulq?\ﬂo a%ay;%%%%%ﬁ fie co eacLEl glﬁb';]/\lﬁ %%‘elat;eusage

expressly i ncor porated herein by reference As anot her exanple, the

Sgquences for human heavy and |ight chain variable
ﬁégg%g&ggﬂuﬁﬁ_ig%nd in the Genbank database. 30 For exanpl e,
the foI | owi g ybemgthes fabaligan) n andbsdprenis aiscloaid orhprisehRedvizarnd HibHyAD
nouse are, available in the acconpanyi ng Genbank accessi on nunbers:

1- 69 ( NBAFORDAR resioys COBBRYURE RKC Beid Fedusases that ars hoprolegotsiogbe ammonyid
024637)se@aﬁb@m&o?ftﬁé\&eﬁ%@éxﬁﬁaoa@gdé%n%@gﬂ ané\%zhe%ﬁlttheant%a@ k&mnttﬁke

fol | ow ng heavy chain germine sequences found in

nouse aesired fandtipnplorpperiiesof freastganosyhgMg ﬁﬁmﬂle&@ﬁbﬁsﬁaﬁbsmnb ers:

(NG 00

T Q20637) 1 SR GOT0A06P SR e oo Dy A oo,

(AJ 406Gi$)mg portlon theraof.epmptisifig aheawyckais ovguahiergiohand adight ahainhariable

antlbodle% of & s di scl osure are those that are structurally simlar

to the FgaﬁEmor sequences used by sel ected antibodies of this

di scl os ur e, e.g. (azhahdany cliain vdviabld rbngn %ﬁﬂﬁﬁﬁﬂ@ﬁiﬁo&eﬁu@dﬂ&ﬁ& th&i&ad D

hKIGl) r.the VK L15 framewor k seq SE use

b ef of 1B HYAERB IS aR BHOAE T aRHIcE S0 Lo RASreD SREEAG Qe ID

CDR3, ands:CDR3, senudmzes, and the VK CDR1, CDR2, and CDR3 sequences,

can be grafted onto framework regions that have the identical

sequence as that (Pdhmbishtshyinariablssegion cpmatises gn aminoi asidpsavenes tat #at ch

the f1agRBIY HEANRESOUR RIS ackl schlifhob R EHHEN BRSm G LGB Al

onto franework i'ons at contain one or nore nutations as tonpa e

to the]@@$ﬁd3ﬁeﬂbgé@éﬁéé§mdFor exanple, it has been found that in

certai e te residues within the

fr anemqpi&?ea%?ggﬁnk%s (%’lglo%] a?end}glﬁé %F\lﬁ%ntcgg) (Hﬁeant i gen bi nd| ng ability
(c) the antibody binds to Fucosyl-GM1 with a Kp of 1 x 107 M or less;
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20 properties (e.g., affinity) of the antibody of interest.
Site-directed nutagenesis or PCR- nedi ated nut agenesi s can be
performed to introduce the mutation(s) and the effect on anti body

bi ndi ng, or other functional property of interest, can be eval uated
ininvitro or in vivo assays as described herein and provided in the
Exanpl es. Preferably conservative nodifications (as di scussed above)
are introduced. The nutations may be am no acid substitutions,
additions or deletions, 25 but are preferably substitutions.

Mor eover, typically no nore than one, two, three, four or five

residues within i Accor di

anot her embodi neﬁg%ﬁ{@&g? n?%@ﬁéfl %Wr?fg]s cefldyegapeer @l DMR-79
ant i - Fuhsydn-SBYIC AMQOE-# CRAHF2049). | bodi es, or antigen binding portl ons

t her eof co risi .heavy chain_vari abl e regi on conpri.si

VH CDRL regii8 Bt ﬁ%PP‘%‘f“ﬁ@‘SéheQ ol HIEEgGid e IBeas sRay g Bl 060

group Ceyg g, @@%ﬂ;r @%dn%lf}égﬁs ﬂﬁthe duercas sek forthlbo@ dad §mt115?)ﬁﬁ ﬁ&:ﬂg\z no

acid sequence havi ng one, hree, four or five am no aci

subsk i tandiGrisgionehavinghish 6{9 5@%1 o waer)al@m;dmw Yioar®EQ, regoniichthe 3,

14, 15, /. n |
sequence&gee céscsteeg)q?lgag%r% Egép ]?erséllgéf) coﬁm S 8%831%:) Id%gﬁl@(:’r?g?ﬂ 4o} aﬁ‘%
22, 23 mndg@wsispof raplerichionalctulessecpdmrtEQ 2D INGp: 49{1&0 JyER, 5BJ3€ 65, F608T,

or five itutio del.etions, or adtlons conpar e
to SEQ%%@I{IEECI fd%"%;’i’ %ﬂ obi3e gipdsal %‘Sa“éb?/? griion (e, the
conpr i stuAgicas sﬁﬁbﬂﬂ@m’ic}%ildddﬁ@ﬁu@ S 3 ﬁﬁétﬁﬁ'lalf dsﬂ&i?s H&:@nﬁécﬂ@em

0,..or an amino acid

consj sting of SE 6, 27, .28, 29 and
s eq{Pence ha\/%%‘gsegh@ ein, Pe%"ﬁlﬂtﬁ’@mo\!%rbeweel‘ fweaminpAeid sequgnces is equivalent to
subst i tﬂd& &8st Iﬁhgxue@@&n%e %@hcﬁﬁeﬁ&% ahe GORBR Rttty Derfdeh ki t%eéfén%es

26, 27 , 29 and "30; I On conpri sing an am no
sequendé a§@¥°§€{1 afjthe PBWP?M idgniea) P@%%@}%gﬁf ad by the SEqDen®s Kids: % homebgy 33
34, 35

o 11 ve Aol 186iyBi B PO Rt fond R A06] ERrd o 0e AR e bt o7 B, al L
conpar dengtl oSEEh IgEP,N@d&lqed BQbe igBodw@dd fd Spamal Aignméet)of the\iiko GER@nces.

reg risi.n am _no sequence sel ed fromthe
ool o TIRPP AR et o2 ue B RGR ogrCerk iy bR %o ot osn ran
sequends daamnplg;hémﬂsmg ymathelee] alporithmOss ddsbiébed i the naflichiting examples
substitutions, deletions or additions as conpared to SEQ I D NGs: 37,
38, 39b 41 and 42; and (f) a VK CDR3 region conprising an am no

acid s equenceleﬁeheﬁtt 1a@htfty BétwbIEWa a8, ddMd SSicsd edﬁgaeqfete%ea 951&@%43
44, 45, 46, 47 and 4 or _an _am no acid sgguence havi ihggone

thr ee, aﬂgﬂsﬁhsarofﬁ WY%FW%%MIH%(GB@PV% doplohigscig 411dt174 %}whgbh@am

T[M}i@q , r
antl bgﬂl es of t I's discl osur a#ﬁ(gleﬁ%e thtﬁogse %%ﬁﬁﬂﬁ?]wn&w ]fel c@g‘% ﬁgﬁéggap
have bdemgthrperalty of {2 awbmeappenalty afife Inwilditiom the-pearedt identiw(betwcg'l twtcoamino

0V, BLAPELE £l A0 el TUPHRRIY a0
ant i boo[\‘l97(]§))mlge:xthnp.bhph basdeapircapofataddintbohe' GAE Ipmgmﬁ f'the IGEG)some

f k th di

spoct T 1Bk il B o wraeoE e R i SR et e BT EAMAT fugric
corgsai mndraggapwaight b£56,dUeR, I a8, 6 irfaf £ aflexpmh {vbi@hgﬁflﬂtlma semgence
fromwhich t ant | body is derived. Such residues can be identified
by conpari ngb‘qedﬁ naHy Pb@&?@‘?’%ﬁé@&)?‘l@t%s@&%ﬁ%@be pigsenh disejesig pavefurther
sequenqRsstd AR ”&ﬁbﬁﬂ”&e&lﬂﬁc@‘% Q‘P&i*x 4 &aﬂ:ﬁragﬁ Rt pubhc datdF3Les & é}ﬂpf%l)\ﬁmpe

7E4, am no acid resid in FRI') "of V11 is a seri’né

thi s rdd¢emineralaed mu@nm e%wbﬁ@hmhgs vt 3 pesfogaedsingthe M@mgau
|
EUCH NErye [k )%Emﬂsélﬁl %%’*ﬁh‘)‘géf T he9! Bbr 554 'Mﬁb]aéil?nu st gogem & {Hﬁgeea%be

configuration, € Sonat tions can
30 performed with the XBLAST program, score = 50, wordlength = 3 to obtain amino acid

sequences homologous to the antibody molecules of this disclosure. To obtain gapped
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5 be "backnutated" fromglutamc acid to glycine. Such "bacicnutated”
anti bodies are also intended to be enconpassed by this disclosure. As
anot her exanple, for 5El1, 5Bla, 7D4, 7E4, 13B8 and 18D5, am no acid
residue #23 (within FRL) of Vu is a valine whereas this residue in
the corresponding VH 3-48 gernline sequence is an alanine. To return
the framework regi on sequences to their gemline 10 configuration,
for exanple, residue #23 of the Vu of 5131, 5Bla, 7D4, 7E4, 13B8 and
1805 can be "bacicrnutated" fromvaline to al anine. Such

"baci cmut at ed” anti bodi es are also intended to be enconpassed by this

Cwi i n SEEaents o CPoBRR0 Bl IR R rPes bEAST 2 pEIERAATbLASR Rl e

cor r espad{1887)\Wickicl8cige Red. LH@ 7535308402 WaheantidiagBhASThad GappedBILLST

the franmework regian seqguences.to thei.r germi fi ati f.ar
exanpl o PR [ SRR ORt Y B e IO a8, A B EAR) can
val i ne 1R uaddaB&ewwiuebi.nlbngheswt at ed" anti bodies are al so intended

to- b% enconpassed by this disclosure. As anot her exanple, for
13B8; ami no acid residue #29 (within FR1) of VHis a | euci ne whereas

this resifnedibdwith Cof Qv AL MMliMGtNe 3- 48 gernline sequence is an
phenyl alanine. To 20 return the tramewrk regi on sequences to their

germ i ne confn ¢autait ¢nopodithents, ar antgiody of s diselosiSooniprisdse he’auvxnhaﬂzs.aﬂable
b k
bact oniAeLT S COREPORLEEORS sRUERE HEMIS cndl Tilorseiny (i s

di scl osweomprising CDRY, GD&2wad CDRAwelencdspwhadih, ond 3BGoes et tﬂﬁ@@Dl@ﬁqﬂ&ces
amq resi due #48 thl n FﬁZd)e of Vi’ Fthxl SO n a{nereas t
Fesiile PP C LR g Rncet Based o et ol e5iiped horon
val i ne. (4., 5Bl LﬂBla,tTE@ﬂf f7Ea [TE3BY de 18BG), ootV aneafodiBeatib the/@8r, BAd @Eerem
configurati og for rrpl e, ,resi d #48 (residue #13within FR2) of

the VH dfe 2ngodissTmsiintha desiss T Propeitipe i ibe PRt ugas i Md gnidbpeissef this
val i ne. gRepbure PACEGHMERL ﬁﬁl; d@dilcsslu&qﬂbeées%%so@ét bﬂ&c‘?&ﬁ?ﬂ:ﬂ%&bpﬁr aigen
enconpassed by this drscl osure. ano er exanpl e

and 18Ddbinding pestioctherep® sorapisingaheay @hmmvmbe regionconaprisiRICRRE, GRR2, and
whergas i r nce

o IR S oo b dlig o ORI o R DS 8T ERT

ger nl i neequendesguireacinon, for exanpl e re5| due #84 (re5| due #18 wi t h| n
FR3) of the VII o g adh%iaD‘?m Qﬁgg ated" fr.om seri.ne tf
aspar agi ne. Such EB S AsAY R g Variabl 5%%‘?% ée%'legcf? OHPE TSR ponayet
engo;fpaS&MndE)SeIebﬂleﬁ fiirsthe gBonbeonsiviiag beﬁmemeeldcsécédehmeQ IDSNOSF] 125,26, 27,
nmodi fication involves mutating one or nore residues within 5 the

f r amewor® 195N, 2 copsraketive ppndificgtions gherepdy ¢ CDR regions, to renmove T

cel boepi topes 10 {aiciiun: tiyoaizbiitend €DRBAql AEBRRSRRE S 34188 adill e

anti body. This approach is also referred to aS "dei nununi zati on"
s descHrEERdlcpiat o We EEANP cPRRENB0! FIBine felpawicnesmell S RONOs:43, 44, 45,

2003015304 8 482ihcRloRdorvdive Al ch D Merdl granat 1 ve L0 modli i cat i ons

made within the framework regions, 10 antibodies of this
di scl osure may bethemgtlhe?e'ree&hlbﬁeonmmﬁfﬂldfﬁlloa\ang pmpertigst hi n t he Fe

region, typically r ngﬁ\g tlonal properties of the

anti body, such as(cie?‘%ﬁcﬁ Yﬁﬂﬁlg’ﬁﬂgsﬁ Hfl fixation, Pc receptor

bi ndéng, gnd/or a) ilgemtitedeliodtd ﬂmgiuhuﬁamany'éllblmglcgr:tofet_yceclilﬁl(nemsmre,

an anti 0 i may be chemically nodified (e.g., one

or nor e%gﬁ‘é?ﬁ %g{‘erﬁ?cg;%@@z{@ae attached to the anti body) or be

nodified to a4 pfefdriea egibyseesemt aﬁe AR Varidble &%@{ tBR2 @aﬁeﬁee dORfpBises an
t hese enbodi nents I s

functional properties ({1F i body. Each o
descri b8HRAAY 8"3?‘3? “?)‘8 Ouﬂfé’nﬁéﬁ‘ﬂﬂe‘? |aﬁ§n‘b4°1‘§ eapensesof SEQ Ha
Fe regi qod®, bhall, @i %Qﬁd Bk dnﬂ@%eﬁ%h%aﬁi@&ﬁic:aUOns tHefbo®28d ﬁ{gq%ﬂ{ SRit -

t he hinge region 0 is nodified such that the nunber of -cyst el ne
30  variable region CDR2 sequence comprises an amino acid sequence selected from the group

consisting of amino acid sequences of SEQ ID NOs:37, 38, 39, 40, 41 arid 42, and conservative
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20 further in U S. Patent No. 5,677,425 by Bodnmer et al. The nunber
of cysteine residues in the hinge region of CHlL is altered to, for
exanple, facilitate assenbly of the light and heavy chains or to

i ncrease or decrease the stability of the anti body. I n anot her
enbodi ment, the Fe hinge region of an antibody is nutated to decrease
the biological half life of the antibody. Mre specifically, one or
nore amno acid nutations are 25 introduced into the CH2- CH3 donai n

i nterface region of the Pc-hinge fragnent such that the antibody has
I mpai red St aphyl ococcyl protein A (SpA) binding relative to native

et ai | RORRCp et T alangrle S B RHOGR ok 3p BRY R sppléebidt Cor,

enbodi mestyentheomprisesmcyming acid deduicnet sebcheah toecbe gn‘ohp chnisisting bfahinb atit

life. 30 Variou h For exa re of
he 1 of 1ATRE I SERNENRORTE, 6 T3P B, S¥LasBiati g mdikeslins Thezeot
descri beHe iight thadn vidaibidvegiya. CI&%Q?&&U&Z@C&rﬂpﬁ&ﬁﬁlamﬁb'fa@iﬂ% deH&d sﬁélecfe& from
i ncrease, the biological half |ife, the antlbg\gé be altered wthi

the H iB¢ eierp FRISERE PharainR agid seqiences pEJQ IR NGY Bk, 334%%@5@@@@@

t aken fromd-yaive 200FicHioR hdiordonai n of an Fc region of an 19gG as
described 1n U S Patent Nos. 5,869,046 and 6, 121,022 by Presta et at

5l n yet ot hepﬁséﬁﬁbhﬁfﬁﬁnﬁls term{somervetive ssauenge ahﬂé’met@rbylsnmphcbdltmg:fento

l east o ) @ aﬁcﬁﬁ!ﬂgdf? \)%{ shgrf'il{]cqgl ?ﬁ%cgé :ﬁﬂe}':ﬁ'x% s él?ﬁ)(fh%lsalcgﬂglcg pfthe

alter the effector function or ex
nor e aniantbedtyi costagiigethe evhirdor apid seiamoe. aficH comnduesmaampatﬂ)% incRidle amino

et 97 c ol AR PREkf ol ay TabGHiolh b Bapdefrd o #uifoesy of

ef f ect orthisidiselasurb by stafdad Rshbifgesdibive 8thb bt ublH addiel difeite® ultdpBndlR 881
10 anti hod é:he ef fector, Ilgand to which af f | nity is altered can be,

for exarhstemedigteg mytageneis  Cofscavave@mIRQ ARl bRTIUEPRS aEmpIes ib1ihich thejagino

appr 0aC hcidsredARRGE HpRied Hithuh ko At il leHg% st te c'h'aﬁ Famfied oS 21
and 5, 648, 260, both by Wnter et at I n anot her exanpl e, one or

nor e am%n%q@é%@w%@mg sitnibn sifleicheinglkave beeaxdefined inghoart. 3 Bhese fhiiep

it i'Boay Fflafandbedl GuRbi BN AR, HEh, SERRE BB ARl thains
corrFI emﬁag g@pﬁwlcﬁemk ghlsemc amd); mngha(@ﬂ@lar ﬁge chays({e. g?glycms aﬂpaagmdaed
in further, detajl. i at ent u t al

In anot Hatiie, RST RS, ¢ n%m oF %?133 c:v,\#%%e g:gp\%ppaéa; ra)&\égl ‘?%‘?rﬁméﬁ"l HoANg
posi ti on&hﬁ’éi leuaing, 1203&1oﬁﬁeepﬁilihe,r1:fhdn}tlﬂartxﬁ£ hehiorthé)Shetd-Bemetet Iside ¥haths %g

antibody,to fix co rrent hi s a proa descrjbed fuyrther in
Publ | catyb%mwa‘@&}ez 9 T‘“BEJ 9@5 ﬁldafﬁ@méwc’&ﬁsm%ﬁy lalanipg, yptophya,

Fe negi Qiistide)TOMius] &R dr endré emBRSLIdIBEIRE Wltlﬁrb’th@tmh%%:%ﬁﬁ bm%ns&iy of this
medi at e anti body dependent cel |l ul ar cytotoxicit

i ncr eas é11%°PPéuf5FFIP he Te?laﬁ?d VHE o5t 388 Cid gosidigs f—"@?ﬁ tg%%?@}ﬁ&ﬂe Q!i?m famllY and
modi fyi Rge ARGAUnBETyCcaR B AtAGb LR tabed HRR b0 e WinRtRRL bt ¥ in?0) and (d)

above) using the functional assays described herein.

25  Antibodies that Bind to the Same Epitope as Anti-Fucosyl-GM|1 Antibodies of this disclosure

In another embodiment, this disclosure provides antibodies that bind to the same epitope

on Fucosyl-GM1 as any of the Fucosyl-GM1 monoclonal antibodies of this disclosure (..,

antibodies that have the ability to cross-compete for binding to Fucosyl-GM1 with any of the

monoclonal antibodies of this disclosure). In preferred embodiments, the reference antibody for
30  cross-competition studies can be the monoclonal antibody 5B1 ¢having Vi and V|, sequences as

shown in SEQ ID NOs:1 and 7, respectively), or the monoclonal antibody 5Bla (having Vg and
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Publ i cati on WD 00/ 42072 by Presta. Mreover, the binding sites on
human 1gGL for FcyRl, Fcyffil, FcyRIIl and FcRn have been mapped and
variants with inproved binding have been described (see Shields, R L.
et al. (2001) Biol. Chem 276:6591-6604). Specific nutations at 30
posi tions 256, 290, 298, 333, 334 and 339 were shown to inprove
binding to FcyRIIl. Additionally, the follow ng conbination nutants
were shown to inprove FcyRI Il binding: T256A1S298A, S298A1E333A,
S298A/ K224A and S298A/ E333A/ K334A. In still another enbodinent,
the glycosylation of an antibody is nodified. For exanple, an

LR e G RO e —

I ncr eas dhavileg ¥f; fndVi yequéncehies shotvinkio SEQfIDrNGﬂB g, respectivebd) Biqhy dr at e

di ficat , f al
Tore si CRUOPRPUBEY EABIVIOE PHART ThatBreeeD SURpoREh S 0dD e and 10,
exanpl e re.@B&lv@Iy) e g zﬂmamnapar@bsagbﬁi}ag ('HEhﬁQVHGﬁd'VQ%c{{EH&sraE@{o & 4ED

in elimnpation one or_ npre variable regl on framework ycosy ati on
n

sites t dViNe¥ éﬁsl/d INE F?PP%F&W@IY@W @bgmr%anp@lﬁ entihogy 18D6 éhavgzg:m and Vy,
agl ycosyt h&@ amoﬁﬂﬁrs%@?ﬁ) at;nf:l'lg dlteé’pegt?veﬁ e giéh &Bés—c}%%péh{xg émbodIes

antigen. Such an approach is describ her det al
Pat ent @®be Elemﬁﬁdsza@edamwcth@r @ilityge trdsy-c@opate with 5B1, SB1apdDI4 t]mnBSB&/oror

al t er natjigygl; e that ha al ter

gl ycosyl ap;go%?ta@dt%{: lg'%{;sop}g%%%c& g’?e ARt gd?iﬁg?ﬁ A9 V%ﬁé@gﬁ‘gassays
D1 Sact | g Ol ChBe S0 1 Rt Uroe.  SUeh aLT6r ot acomtLat | on et o s s
navdObe SHTR AMGETET Al HOTYAC ASL itody RreRbH B R ging ph A epoEe e
Such carspohyziyg R4, MBS qaa.t)s CtB :Fu@@ 1 Gma&eﬁﬁﬁmlrdte%ftﬁ&l t@é'testfaﬁﬁb&asr%aﬂ' e,
expressing the with altered osyl ati on

machi nef§" p%ﬂ‘@%ﬁlt ggé F@F‘e@‘bllﬁ%gwsﬂﬁ @ﬁbﬁ*ﬁ@ﬁft‘?@?“}m%ﬁ@ 1tpad fhus binds
descri begltheRarhé epi ﬁ){b& oA P RINGRA é&sﬁi 91§dah9914 79 1588 & W§qntag)ref grred.

express reconbi nant antibodi es of this disclosufe to t eby
an ant i §B&@gdivient the antibesty thatipinslsyo theisame epitape en Hngrisl-GMieasd 1), SBD, 7D4,

l'in ferase FUT8
1185 MU A oLl A S AR89 ST
t he Ms70b4 prepbred nd nkdteNE¥ 0&scobed inltheBsanhpdesk f ucose on their

car bohydrates. The Ms704, Ms705, and Ms709 FUT84- cell |ines were
created by the targeted disruption of the FUT8 gene in CHO D&4 cells

usi ng t \Hagiheptdaehebiifvéahtbsdiésee U. S. Patent Publication No.
20040110704 % Ya@e e& g,l and Yamane nuki et 25 at (2004)
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gene, which encodes a fucosyl transferase, such that antibodi es

expr ess@édiitodysiigh godified @?@Y@?ﬂy hgve altryestaropasiissl feemh he Sléﬁ]tlm&mmbmlng 4n

el i mna
descr i bght?g)ld?%lg?ﬁéeaﬁ\?gn E vae ﬁ-{owggﬁ%%ﬁ%cﬁgw &E) Va“able
fimose wegiansdl oy Yo endprgVncios exampde within ooe ntimotecCDR eegmlsﬁudxoe gmhim @E or

ot myol aetelby e R DA EREHIT,ES dh bt B b AR

03/ 2358 8wdifyinprestuas vihinrthdemsantmgioaf), f&ﬂ-d@ampnelto Hitdrehe dfBRiok Mﬁbﬁ@) of
W th regfceg qplllty to attach fucose to Asn(297)-1inked
car bohy B Yal so resulting in hypofucosylation of antibodies

expressed i nOhBQ,tpe RO SariabRI rk 16ﬁ@ﬁg1ﬁée$i(ﬁg§mt@ilﬂﬁ efolmedk CBR £r8H2) - 1
CT Publ.ication V\(g 99/ 54342 by Urana et

Di a Che 26733-26740) .
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gl ycosylochted isfhe sa3Rav &1d%ight ch 1
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réason, the amino acid sequences within CDRs are more diverse between individual antibodies

than sequences outside of CDRs. Because CDR sequences are responsible for most antibody-
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and can be applied to the anti bodies of this disclosure. See for
exanple, EP 0 154 316 by Nishinura et at and EP 0 401 384 by Ishi kawa
et al. 25 Methods of Engi neering Anti bodies As di-scussed above,
the anti-Fucosyl -GVl anti bodi es having Vu and VK sequences di scl osed
herein can be used to create new anti-Fucosyl -GVl anti bodi es by

nodi fying the VH and/or VK sequences, or the constant region(s)
attached thereto. Thus, in another aspect of this 30 disclosure, the
structural features of an anti-Fucosyl-GML anti body of this

di scl osure, e.g. 5B1, 5B la, 7D4, 7E4, 13B8 or 18D5, are used to

create r es. th ret
at |eas t%Il b %ﬁ%{lﬁ)shg# prgsg%lgr?% %/XPE#E? %X thpnbang%dslggﬁét the prope?hes of
di scl os Bp@;ﬁcsmatlhraléx odpurritigrgtibelidsbyaeydtruchifig e;lﬁmss:ex awgpdre thad fivlude ODR €
CDR regions of .5B1, 5 7E4, 13R8 or nmut at i ons
Chor oo SSRGS S e Presifictietbilly ormeing S0+ i OhtodrreNiBIoRk Fegpasss fiom
and/ or @tdm?érm@%bdc@ vﬁﬂﬁﬂff&eﬂt@ﬁbﬁd‘ﬁﬁﬁﬁe& E. QCRm@hrﬁﬁﬂlt LYEtQﬂQ{'l%rJ\%re
antlP )%givé 5 anti bo |e§ of this disclosure, di scusséd above.

t

Ot he JaRss; B PORIS ﬁh?&tvfaﬁrézuﬁ?@é%e@wpb&wh (1989) Brasy Naids
sect | onAcIJ@eeet@sw 86108981 0084 LerrPatté]ﬁI\%”SQQﬁ%Q ROV 01§, Pﬂ&t%s

more of the VH and/or VK sequences provid ereln, Or° one Or nor

CDR r egPoi8,10het, 2%5%08976,68%, @dtﬁlsﬂe%e?ﬁ@ﬁm@ecwtaml body, it is not

ot body” havAScorRils! R odienfenniURE iR Al i Bollodonpatpna
her ei n, amnbadjyeorcamgmrlandlﬁ)g fddbbon thgieoficoinpasiegh hedRgichain vafidbe region
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anti - Fu%g%ﬂ coRfkisaRtdIRO e BAd EDRS: seéﬁ:ﬁ@és cgﬁlgﬁ'blgé B9amirdo)achl s@@?e

chain varli abl e rgglon antlbody s uence conpri sequ
sel ect egeleqtediremahggrovipcansisinge P NEEQ 1 B2, ra@s3413$ adi36, ﬁ,Q WENOE27,

o 1o 385950 AZ8Ha0gR Rge! an-cé o 40 AP UR ERSIE Y TS,

t he groepitedissicettaimghoVn SRV DDBquﬁﬁxcchﬁ’ m&%ploﬁz&l af@baidet SBI, 5B b4 /70¢,

(i) a hai able |bod uenc co risL .a
CDR1 segi&'g h@B(‘s 1§D?§§C Y om 91 greai]%ﬁ?e‘g ng efl??é @E‘iﬁ %&E‘ 31,
32, 33, 34, Soclafdndtork sedubiki?s satheasitsinseh et pelicl Mo databaes @ﬂ]ﬂlbllshed
consi sti 7, 38, 39, 40, 41 and 42, and/or _ a

sequencE sveeﬁ@alfwﬁemgf ing ARy SRRG AN fFos e, rﬂeenh@DM 45,

46, 267 8&fhedd®s for human heavy and (iBit cﬁhﬁﬁfahﬁlﬂe AdoidneRds @A Be AN Bfei"YBase”
residue wthin the heavy chain variable reIgl on anti body sequence e

and/ or bu@an gyFling gequanceslaiahese savadahle an thet sy atysmnane ope.cam.ee
| east oRewP aalntieiad prat 'ePQZdM 98 BB NGRes B Bhoteins of Immunologn(::ﬁ)lgerest Fli%l

expressing the altered anti body ‘sequence as a prote
mol ecul Editisnoll SgiPepastignt olidenliband Bamag Serviess g dpRubdicatith Iéoo@rl 9421 he

The ol t SORina L MR i Che Repetfof F ik ObOBR Vg BERER
al | 2f EMtFm}cGtwpabf‘ﬁﬁ smumtmﬂobxffdmtﬁwewmyd@wt msmmwm
descri beg%her %'ox 1. \fynt n Ld{b%@;%ﬁlﬁggro e i es %ﬂ%ﬁ Vi ut agse@r\;%glsa

limted
W th a Bioed Biks in their Ushe® Eul. €S Bimunol. 24:827-836; the contents of each of which are

expressly incorporated herein by reference. As another example, the germline DNA sequences

£

for human heavy and light chain variable region genes can be found in the Genbank database.
30  For example, the following heavy chain germline sequences found in'the HCo7 HuMAb mouse
are available in the accompanying Genbank accession numbers: 1-69 (NG_0010109,
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(b) binds to the human small cell lung cancer cell |ine DV5-79 (Human

SCLC ATCC # CRL-2049). 5The functional properties of the altered

anti bodi es can be assessed using standard assays available in the art

and/ or described herein, such as those set forth in the Exanples

(e.g., flow cytonetry, binding assays). In certain enbodi nents

of the methods of engineering antibodies of this disclosure,

mut ati ons can be introduced randomy or selectively along all or part

of an anti - Fucosyl - GML 10 anti body codi ng sequence and the resulting
nodi fied anti-Fucosyl -GVL anti bodi es can be screened for binding

1 1 1 t
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this di sseérgt AL Rart 88 2B%ed bRD ﬁ%@m&e I%ﬁhgfcoggﬁ &{&%r Rl 4

contai n i ntronic sequences. In a pre erre dlnen NUC elc
aci d i s campaEd i gemlme snshess c Faixdmplet Itthhs Iseedrf@uﬂd(ﬂm nrecea:tam instances it

obt aine al hni
s e L
t r ansge rvimling ai:ehtganf ﬂy:l angbdfdyr(me eigntiBoPdtai LN b3 SQBQQSI 3580089135,6930762 and

furtherfb@gg’gb COdI ng the |I|ight and heavy chains of the
ant i bod E?/ Fleé”ﬁﬁ ridoma can be obtained by standard PCR
anplificati ommeﬁ oﬁ{lﬂihblég'e%@l@ﬂlﬂﬂmdﬁtﬁm iFQY makid AR 3d fé@idﬁbmﬁhin the

from an |rmunoLgY ene library (e.g usi ng phage di spl ag )
t echni qUes3 %TPBl BRI IARS Farions in thstsly Tapiaveeners geare piadingr om
t he goi bradpérics P gf eftinaeh cSFtEéﬁiuﬁ L dfertRl. aaMlAaS teanﬁlmﬁm 'p@%;n
are thospzc‘p\eénco the VH and VOL sequgnces of tﬁe . %15%9 Ediated

7E4, 13 Bwt%ﬂenqmn&@ PEEPBRed to aﬁtorlwdh@muta@m(s)swubm@f@t enaditiody binting, or
VI seqyy ?ﬁﬁcﬁgnéﬁﬂog égm lEe4eval]n§§§ it r§ %%%qa&%}{g as 4 crihd

| D NGs: 9 50, 51 respectively
encodi n Qaeteheandlpre‘eqwmtb&;l%m‘mﬁﬁl Prﬁahbly camrvaﬁEﬂmodJ:ﬁB&l@B (as idobssad e
shown | rz!xbosv% are mtro ucef? 'T. e6mut§t¥dns ?n8ay b569aumno acn:? Substitutions, additions or deletions,
25  but are preferably substitutions. Moreover, typically no more than one, two, three, four or five
residues within a CDR region are altered.

Accordingly, in another embodiment, this disclosure provides isolated anti-Fucosyl-GM1
monoclonal antibodies, or antigen binding portions thereof, comprising a heavy chain variable
region comprising: (a) a Vi CDR1 region comprising an amino acid sequence selected from the

30  group consisting of SEQ ID NOs:13, 14, 15, 16, 17 and 18, or an amino acid sequence having

one, two, three, four or five amino acid substitutions, deletions or additions as compared to SEQ
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10respectively. Once DNA fragnents encoding VH and VL segnents are
obt ai ned, these DNA fragnents can be further manipul ated by standard
reconbi nant DNA techni ques, for exanple to convert the variable
region genes to full-length anti body chain genes, to Fab fragment
genes or to a scFv gene. In these manipulations, a VL- or VH encodi ng
DNA fragment is operatively |inked 15 to another DNA fragnent
encodi ng anot her protein, such as an antibody constant region or a
flexible linker. The term"operatively |linked", as used in this
context, is intended to nean that the two DNA fragnents are joined

such th n i e e. two DNA fragnents
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| nt er estand g2:fand (BaiVx éﬁR—"’ egion Qepuisingen mdo eddiseghersn derMﬂhﬁpm the group
Ser vice d _DNA f.ra nts engconpassi
Chedd  Sardhile B RBRARHIBRY Y, 15 48 Aha a8 os b AR Wi BOVTRESRE, B,
l'i ght chizies fmmﬁ'naanmmgacnhsm:anutﬁrmmlele&pmomddﬁohﬁiﬁmﬂlpﬁﬁﬂ$6 aBQ ID
region, is a kappa constant region.
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VH and adg &y %‘HE‘@%‘ desidyss vy %l@éprafsc»agc@r}frw&tys&%e @pprgu@ oé Higiantibody.

probgi N Typickily kR etk Mblil’ﬁ@ﬂidﬁ@ Bre Infid8 @5ldRYe ke fithBXhdleict) e#ﬁa@
(see e.g., Bird et at (1988) Science 10 242:423-426; Huston et at

(1988) RRblodyNafar exasaple, ongepposth g, ‘hackuuE®e 3enans Gadrt Brmywerk regidues to the
1990
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this disc onal ant i I"es he presen
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the nurine system Hybrido
region sequences to their germhne configuration, the somatic mutations can be “backmutated” to

the germline sequence by, for example, site-directed mutagenesis or PCR-mediafed mutagenesis
30 (e.g.,residue #11 of FR1 of the Vi; of 7E4 can be “backmutated” from serine to leucine).
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20 production in the nmouse is a very well-established procedure.

| nruni zat i on protocols and techniques for isolation of immunized
spl enocytes for fusion are known in the art. Fusion partners (e.g.,
murine nyel oma cells) and fusion procedures are al so known.
Chineric or humani zed anti bodi es of the present disclosure can be
prepared based on the sequence of a nurine nonocl onal anti body
prepared as descri bed above. DNA encoding the 25 heavy and |ight
chai n i nnnunogl obulins can be obtained fromthe rnurine hybridoma of
i nterest and engi neered to contain non-murine (e.g., hunman)

techni ques. A5 naSR ARG, K opd, TRALTRR DRI Sty elbbecidaryine #1s
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Publ i cattydhis NiSclosNgP-01/ 14424 to Korman et at
As another example, for 7D4 and 18D35, amino acid residue #84 (within FR3) of Vyisa

30  serine whereas this residue in the corresponding Vi 3-48 germline sequence is an asparagine. To

return the framework region sequences to their germline configuration, for example, residue #84

30



I n anot her enbodi nent, human anti bodies of this disclosure can be

rai sed using a nouse that carries human i mmunogl obul i n sequences on
transgenes, and tranchonosones, such as a nouse that carries a human
heavy chain transgene and a human |ight chain transchronosone. Such
mce, referred to herein as "KM m ce", are described in detail in PCT
Publ i cati on WO 502/ 43478 to Ishida et al. Still further, alternative
transgeni ¢ ani mal systens expressing human i nmunogl obul i n genes are
available in the art and can be used to raise anti-Fucosyl -

anti bodies of this disclosure For exanple, an alternative transgenic

system . %a kic n..Re used; such
mce ar r@%ﬁ%ﬂﬁ?&z u?FRﬁi\ﬁ' or ex }f’m“ﬁm@é’ﬁt Qfﬁg}mga?%%@s%@ﬁ fo

6, 075, 1&baragingl SpdoSaclenutatsd’ ﬁﬁlboé]asiaxﬁ als6 Intéfidd toobdancbepbhsappby that at
Mor eover,, .alternative transchronosom c ani mal systens expressing
human |ﬁ§ﬂ é ‘obulin genes are available in the art and can be used

to raise antAnétueaasyd ofEinenatl br@difi@ﬁnd?ﬂ‘ inbd et nSlitSHlgQsH b?mo?@fesﬁﬁé%rmib?n
m ce. carrying both a human heavy chain transchronosone and hunman

light cHEiSREneREReioRo¥SYen Withingne o mers GRR ragions oaemeyn Tigell afitopesd;
such mi Gerchy ?ed@@éﬁﬂé eﬁnm BRI Zi A %rﬂetanﬁgo%ga)nﬁg %malgﬁgé y;&éﬁf&&%

USA 97:722-727. Fur her nore, cows c rryln
chai n t#anebwpeHEdONS Bndrﬂadescnbehn(fe&crddlmﬂn"[hs tBaBnaPublchtmewa et at

(2002) gy 20:889-894) and can be used to raise
anti - Fuigg)ts)’g %(%H%gntr bod ?es of this disclosure. Human nonocl onal

anti bodi es ol altiition ot sltdresive to madifiaitins md@wamammem¢mkwﬂm regions,
di sp ay, scree Jlbr r|e h nmyunogl obul I'n
qenth acfiRn T S1BR i et e mraied Foubade moHertien® HbPIbT e eitRe
est abl i iyprdlly eﬂthfior,&f dr mePe funbB6naC ¥RPENISS oitﬂlcsantﬁ@&}e BhciNRSserum KAR1AO9;
5,403, 484; and 98 to L dner et at; U S tent Nos. 5,427,908

and 5, SEWPIqEent XEHWe C gReenipr 19}115%: alﬂéioémug%gep@d%gelhd@ qytioxicity.
6,172, Jﬁi—r}kﬁné\f'éc?ﬁﬂ‘einﬁb& Hi CadS

o 501 dngieangt Bladiubdy Gl Sgﬁagegls b8 8 aﬁ%lm&dégédoéfs’t SO ¢ s
et at zé%m%mm%er%mﬁmheﬂm@p@mdﬂmls mipdifidddie aiter itwglyaisglatide again
pr r have een

P cPns DL onfokd fifbiidhal Hofetll EEnOUIRI. BHAS: f21 SaDRlRaERL
upon i ndegeribedtin futheSirt4il beloe. Thenwtelsring b tbsidnes if the Fx@piohés thit B.the EU

Pat ent 1{}9 %ﬁ;@ 996 and 5,698,767 to Wlson et at 30 I mruni zation
of Human Tg When human I g mce are used to rai se hunan
ant i bodi es dhohélbﬁb@ﬂrﬁ:@h’rp&rﬂﬂuﬁagesegbh 8 CH1 afodifed SHON PaZ 86 nibbr &F cysteine

purified . qr enrr edG%EePa n of , Fucosyl - GVL anti gen and/ or
r econbifisifresEy s dypee F‘ij%o’é’ﬂea%ﬂ/l?" fgragagsd. &f@& anproach és described

deswf i brahépi tpsrtrereﬁmbl 5,617,485 by(HRRE «Nat gh
Fishwild, D. et al, 81996 (El byt har ﬁa@ﬁ%r("wﬁa‘m%‘imm&

PCT PubFNgEFCRiIgR $ aliengslifo okon exgomle, facilitpie asemblyeafabe jjghttand heavy shains

Wil T beyrfs ifirddeeliSictieadfe sRATLy tc;f%efd(n'ﬁﬁ&y nfusion. For exanple, a
purified or reconbinant preparation (5-50 isg) of Fucosyl-GM antigen

can be used Inenothenembedimdns theFebinggregion ef knantbpdy istroutatad htcydecrease the

Pucosyl REREAEH 8 ot e BRNEAT: Srocd el e Bdimmae o SR B PEES
% t2 vanirmdjserhmlto @erﬁﬂqgﬁ3 dhmain 1hi&ﬁfacetx’egoﬂ,6fmé a‘as]ggah iffag meﬁesuere&ﬂprael
en|n| i nmuni intra Wi antr enrn
conpl et®” ﬁ%&%&“@pﬂﬁdﬁmgc‘?% ‘gié%%)é‘r‘;] HVPFC'hmge
i Muni zibadmSpA umdtng Thistipptoact xs@bsdﬂbé@xmhh&%etalmn Us:qmln@ﬂs 6,165,745
Fr eund'’ %@g}%\égg However, adjuvants other than Fretuid' s are al %0
cti

found t ve. In addrtron whol e cells in the absence of

adj uvant ar g bAYAG chbolitadll 8 dubOIP AR 1 TR T

be nonitored over the course of the i mmunization
Various approaches are possible. For example, one or more of the followmg mutations can be

introduced: T252L, T2548S, T256F, as described in U.S. Patent No. 6,277,375 to Ward.
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20 Usual Iy both HCo7 and HCol 2 strains are used. In addition, both
HCo7 and HCol 2 transgene can be bred together into a single nouse
havi ng two different human heavy chain transgenes (HCo7/HCol2).
Alternatively or additionally, the KM nouse Imstrain can be used, as
described in Exanple 1. 25 Generation of Hybridomas Produci ng Human
Monocl onal Anti bodies of this disclosure To generate hybri domas
produci ng human nonocl onal anti bodi es of this disclosure, splenocytes
and/ or |ynmph node cells from i mmni zed m ce can be isolated and fused
to an appropriate immortalized cell line, such as a nnuse nyelona

cel | sultrn |do n,be r.een

o oduct ROABR alfyis Hreeoue PtiosR Rl R AR e Snighy SRt Eledoriitip o or
30 suspensegios toodons & Bdlﬁagbk‘éﬁﬁﬁl@ﬁbih&ﬁgfeﬁﬁfgﬂeltﬂ!éﬁ BoAEVo bR FATHEdomain
fused to_ one-sixth _the numger of P3X63-Ag8. 653 nonsecretrgf nouse

myel onn@f aekq EsioRPER Iagas degahedip Us- %%HPE@ 5,88P08¢ aud 6,921,022 yhRyesta et

single gell suspensions of splenic | ynphocytes frominunized mnce
can be fused using an electric field based el ectrofusion nethod,
using a q/t olnpigt gibet w@@mﬂﬁwﬁ@chaegzbnfsuaéﬁemd by Irepdaaingas desitstome @@jh@acid

Pul se Q JF N I r | at ed.at .

alppr OXi malt e?% Xcﬁ@'eggnt nort %ﬁ %gltﬁy %%D#GE%P}:@%& %%08?3?P gﬁf&%%odgy Far

one weekxampde)lbaé bomoterantindbdidd selegied Glorcaasiao aeid iresidues I?nd# ]?3 gIZﬁS AIBTNBIT,
an urther

d sodi Her nd VA
cont ai i 1 39068y heeb e s S E i tgred Gt eitamto g Ui hesashadyhes
c ondi t i aﬂaterdmﬁﬁmty ﬁ;%aﬁ)éff@ﬁd& lighd e Q&¥EinS HRinfigenliAfdifg alilﬁ!yQ)Y@EEd Parent

i{Eer sb%r Q}o dI[ ut am_ne, 5nmM HEPES, 0. 055
r cipit 88}( h& rffecas ligand 6 hichadiinity s altered oo bﬁgf%ﬁxmplwm(ﬁw@mtoa At
| X HypOih@@lmoﬁﬁaoﬁéﬂt'6?E‘ﬁlﬁ%lbﬂeﬁthms%?ﬁ%aéﬂ'ié‘-&sc%éh i g&rﬁl 146 Bl

10 added 24 hours after fusion After one we Sculture
i n medi Mg isH2H2é and A H45260, ey Bimterepplaced with HT. I ndi vi duaI

wel I's can th@antaaeéar r&egnéﬁarb” g%u[ooara&;% &e&fﬁgﬁ%&%ﬂm!ﬁe St gggﬁ%n

anti bodi es ce exte ive occurs
obser veshdiEiahh pe sfplased #ith lermw ameiteacadﬁesxldmjguch dex thieiangbdaythas dosras

can, be at.ed, i nd if still positive, for 119G
¢ helhonGEF bRFEanRREEAREE R Bhe i nl donenfi svrotbsitii Ty s
l'i mi ti ngppiddclity dudcribbidgn Sirthbr detsilind). O/ fert Mos ()82, 93¢ bgWhispR@r &N Vitro
to generate smal |l anounts of antibody in tissue cul ture nedi um for

char act er i z 2djagpther exam O FT TRSFE RUMAR AL AV Teihim#ming geidgssitions 231

sel ect eghd30rrsI ARG 16 ARy AEPMB abillty I¥Ahd AdtBb P AN & J,Iﬁa% b
monocl onal ar?tr body purlrgﬁlcatr ona1 i 3%@ﬁrnat ant sfcan beprtlr ter edg choa(:h

concent s dewgibpd fusther irBGThPubjicatipnolx Wgi93p hby Rodineint gl ei n A- sephar ose
(Phgy maci a, Iﬁ'}%ﬁﬁ{o@l’{@)éxangﬁe,%e]FQ mrg]i'c:':h'ﬁf Hddik g(ﬁoqﬁ{'}e%@ ﬂ%ﬁﬁgg{ By agﬁiaodé' to

el ect rophoresi’s and hi gh ‘perftorma I qui d chromat ogra 0 ensur
puri t y. matistelantipasty d§p¢ndﬁnmllrdmmoram®h@d@©@) andico iPRSeagerttle affimity of the

t be det D280 ct
Cons 11 cAiliop @k 3R FRPreld G Y At R oY ik o Beids e kol hgsitignsy,
-80 C. I Sﬁ f t N@np t
of thi ﬁ%’fm& ze;g e 25?55%3.?;@%6? DO 268 ROMITI0ST 2006, 2781 200 08 %S
or oduc o2 356, RIA00.20% 20h a0b 051 5i0n s Plhly 108 GTO5eIm3N% 312 315, 320, 322,
conn na3240326)f32ve32©rr®3m§3\f 3%3&@33*3%31#%8 ang, eyt §%“%?§gatsg03“ss 389,

net hods as i s wel nown in the ar MOTTi son’

Sci ence39§2914i21@§:)419 430, 434, 435 37, ‘@%arrﬁBg Thléamrpac'éssdasmbealrﬂmberdn BET
or anti RhAs arti
full -1 engq% tF ‘324? ?’QJS CRai NS eo"(r:eg’(r\?g% mglﬁlgﬁit et “6’91393%%59’5 eyR1,
ol ecul BeyRID, Bl:*fRZI/I and FcRn have been mapped and variants with improved binding have been
described (see Shields, R.L. et al. (2001)J. Biol. Chem. 276:6591-6604). Specific mutations at
30 positions 256, 290, 298, 333, 334 and 339 were shown to improve binding to FeyRIIL
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techni ques (e.g., PCR anplification or cDNA cloning using a hybridona
t hat expresses the antibody of interest) and the DNAs can be inserted
i nto expression vectors such that the genes are operatively linked to
transcriptional and translational control sequences. In this context,
the term"operatively linked" is intended to nean that an anti body
gene is ligated into a vector such 5 that transcriptional and
transl ati onal control sequences within the vector serve their

i ntended function of regulating the transcription and translation of
the anti body gene. The expression vector and expression contr ol

sequenc

e "SRRG RaE) 4RABNE iR SpRBIRAN Bhnitviete 0% RS RORITBIRE
can be MSeAS2H8AR2A98A&IIBAL SZMK@MAomd SANBA/EIABAMEIIAA. both genes
are inserted.,i e cto 0. ant d genes
are msertedW#’ﬁganPﬁ‘g Eedé '?toﬁ %89 g?‘é ’S’Péy é)rsxampe
ligatio @nqgly@@m@émnb@f dantRFdde gzta Qﬁb eﬁnﬁ;s&y Iaekst gifcoeﬁﬁﬁ&gdm;%ésﬁamn can
fragnent and vector, bl unt en ation no restriction sit

are predepitgred tph@newm) ealﬁereazfeéhﬁ;ﬂf@ thbeﬂnﬂé’ndiefqregﬁlﬁms Su¢h qan@hydrate

ant | bod i
ot | podRRIAERGH AR Y NSFRRAR, D8 LOAML A ERAALE f Hhe LETG! cosytan

expr essivotinbe eaftodiiseauatse. dior exHmple, heeavgmcﬂeannnmmmlmaﬂltuam ckn hmade
chain 1?1? g? &ltt & hmlg %o falt gre(%i/ eabgﬁ?gagiao% g:%%r Sﬁjgg}?c%}ﬁ%{) ?eég%{hgyfeby

segnment operative

and t he elﬂﬁu&&aggmylaﬁomeha'situ eﬂu;ch lag]yds’cﬁgllatl@n i-dase 1rﬁl:ea§£‘@8’&ﬂ1thofﬂien t he
vectlg ﬂgﬂl ti.onal I SI t er nat (%% tege re i nt eﬁresm on
voctOr  ERIbAH Eqatizeny i Rspachds oD 3% NSE- 1 he

ant i body, mhasmadd ePI@SAOSECERIdl. The anti body chai n gene can be
cloned into the vector such_that the signal peptide is |inked

in-frame to OHtgRRyPrAdemativaly gy apibody gargbr mpdsthatdas pmalipesdyperele
signal paR sgﬁﬁloﬁagacpes @Hyﬁoﬁ&@ﬁgle&’%ibb&y ﬁa‘gﬁ@%ed&%g&hgﬁm%f fhcosyl residues

het er ol ogous si gnal peptid . si'gnal pepti
non- i menaginsibady havirgimeteaged Lsnctmgd?dtszstwwme Sarlt #ltzoxilglydoaylatigepaterns

the 15eC Q0P ARt RARIERAIP MBS AL Aic ébhﬁtﬁ of bR ARL Sy ahoPydsas

regufatory sequences € expression o
chai n gemedfidatiors cab b aeciomphbhed b}'hkr emnple, ﬁeggad;satgcthg/atﬁﬁqdﬁhaehost &e]l with

e LR BB PR SR Sl il B

t ranscr idpdctibgt M@rthd dransd hivemsaf asthos camat 1hhﬁ£iM1 mapmsgeaﬂﬁbméw aftibodies of
regul at ory sequenceg are descri bed, exarrpl e, in Goeddel (Cene

Expr esstihdpgenssiodhse WHW@FHUEEH‘.‘Z Yﬂﬁ‘l aigted el osyhgtinge Ko exampla thegg
D egn, Ghed HORNM) Ms’f(b‘_'; a}‘iﬁ Ms?b@la@@ﬂk%ﬁdo@;‘}lﬁ%s@éfage@@ﬁ@ Fﬂ‘I‘Sl (Elﬁﬁa {1yt he art

that the design expressi on vector, incl e sél’ection

of r eguﬁmo@ylyme&ﬁ@ﬁéh@e@ thwwﬁhmp@sseé mtheﬂ\és?%ﬂés » g7 cel lings
the hosg, £@hdosd %1 ﬁ?lrtc ﬁ%&?ﬁt > Oy etNi§rol %S’yos%n@g@fm- gJII lﬁ'{)ﬂnféi‘e

desired, etc. erre egu at'ory sequencés st cell
expr ess icrsmteid vy Ithectargeted disregtomefiths AUTRtgede ineCHOMDGé tedls abing 0fo mapbiceent

expr essi ters and/ or hance .
Gort ved "FRah el S D piftceon St 200871/ PhBadG pbond ARRSEORnuc o
adleaew il $200€1)33g>techﬂcfie‘3wd@r&7\6m@§) nimg ﬂfoﬂ{eﬁbﬁhnh}fIS QmBA EI76, MMyB%mamt aé

po yona erna ive VLT sequences_ may, be use
such as 9 h ﬁ%&%ﬁﬁ a]lth ‘Elir% E %&Tﬁ $F%ﬁ’31 ‘gf‘rem@ifis Rifegos¥k her
regul at %ﬂsf&hﬁnﬁf&h%& anfesed eﬁﬁreesscﬂiﬁesaaﬁé cdIl B8 xhivhalypotuc h&h@ﬁ%

such as t e, SRa rom)t er system ch contai ns sequences rom t

SV40 eafidpcige SReBinagpabe Aoy éﬁéwfl@rrqhtmnza@se cHavgt elihrise dpsasibecell lines
| eukem upydntdve b YoQ@eIilzyﬁ{E%EﬁQﬁﬁ for' addﬁ{bg LosE 1988 N- 5&('53(1&% mﬁle‘?élat blnd>s/ to the

8:466-472). In addition to the ant chain gen san
30 Fe regmn of the antibody or does not have the enzyme activity, for example the rat myeloma cell
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el ectroporation, cal cium phosphate precipitation, DEAE-dextran
transfection and the like. Although it is theoretically possible to
express the anti bodies of this disclosure in either prokaryotic or
eukaryotic host cells, expression of antibodies in eulcaryotic cells,
and nost 25 preferably manmalian host cells, is the nost preferred
because such eukaryotic cells, and in particular manmalian cells, are
nore |likely than prokaryotic cells to assenble and secrete a properly
fol ded and i nmunol ogically active anti body. Prokaryotic expression of
anti body genes has been reported to be ineffective for production of
hi gh vyi i ' S it : . R .£1985).

| nmunol ggg?'%g?a q{gcllgR%g)tﬁB@)ggjﬁjg er ré%tl n"ggr%)’ an E%S]E’regfg fiFssm%’ or? Vatiant
expr ess iy cdlielineebeniBiceldm withmedusediatality of attdeh Sucodd wcA me2978-linkel ude

Chi Ov N i ncl udi hfr- CHO cells,
Goscr i bEMOPAE TSRS tortl e ot oslain Bf wtfboflds Prorsgegiin thgt hostoglh(see
77: 42162%238Rieldssedl.. widl 200 DHFRos €lremt m:mmbmo?. BCY-PubBé&atidg 90| bed

in R J. and P. . Sharp_(1982) Ml . Biol. 159:601:621),.NSO
myel 6na93)§?f‘{3% ana! pd W&Esaigeﬂé@ﬁff giginegred 40 pYRIess ghycoprgteinmedifying

NSO 5 t il ; L ;

e ex e T T T D) 3 s
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osiO . PRaf A rirdSe B bR ARt E A ok Bt eht i st it sasy!
medi um usidogs B askbodiae(Darehtthop AILL ki &ag1005) BrBéHRdS4:5STRERCt eri zati on

of Antibody Binding f.Q Antigen Antibodies of this disclosure can be
tested for b‘Eﬂ ‘?%&ﬂ?é’ﬁg the@iibasies hersin tg?(*dﬁﬁq’"é‘?mﬂlsteg by thindiscleurga

Briefl i ti iRt ' B
0.25 119 o e h PRy e Rr s ota R,
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F ' o . .
Lo R WOl A E5LoRERCT IS R0 ol R ATRHRRL Srb80,

i ncubat saflencorditioms amwhich one agmote FES: groypsftecorhel ataehed o thoatitibsdy ar antibody
goat - antj - hu I Pcrspect fic.polvel onal 20 reagent). conjugated to
o Kal | i Prer b b BESlasoR 6Bk o of B ERARRphof A Ry Bon, o
405-650. Fref or obl v mice bl ohdoyel b Lo b ohear i rarsrl ba
- . Prefer ., ce which deyel op t i ghest titers w e
used T ofsch il e thim “Polypiione Alveol 15 inleaderkio norpesa iy, of thadoras oEPHG
usegp t othathe Bednaised iRl Prot& RO WidAGS nfdné 1 2804 iﬂléb)g@t o%iytbx -
Fucosyl-é&% |nnun§%§n. Fyq%hdonas that bind with high avidity fo 55
Fucosy| Pexthyene vt popripetariens glyqokraeleimidea &t eqrfaiteambadiyeents, dheentibesinto
each hypggi yan i : I a@sthdaél . : .
ELI SA) | BE DL TRlad i Gy d Bl RIc Bndiay ! BRI b ol aliNE R Kfvirfin diar

C, and #uscanbeiaprlitg totheiantibedigsmd this discloshiee. pigeifoyexample, EROASY 1316ht
ant i bodies; L ect ' 5)%’@3@ e grown in two-liter
spi nnerﬁ%‘&gef%r&go%plogﬁgﬁa nlgiﬁ'g%d%/et%ﬁri fication. Supernatants can

be 231 tered and 30 concentrated before affinity chromatography wth

protein i hatose (.Pharmacj.a, Piscataway, NJ). Hinted 1gG can be
checked™ S 45%%8&@%4@ and hi gh performance Ii quid

chr omat ogr aphy diseusssdsbo e, e dntiyFucddye. G f@ibodiel MViRNVE afd Ve sexehapged
into PB ana t he co%%g]gt ation can b_gﬁ det erm ned by, 01) 280, usi n
u§

, OV, g
1.43 B freper i crefifenemecuspen-CMt Fpduriss by mpdgiing the VH
al i quot gglyangl. sehiNriRek, 8f the@Bnstant region(s) attached thereto. Thus, in another aspect of this

30  disclosure, the structural features of an anti-Fucosyl-GM1 antibody of this disclosure, e.g. 5B1,
5B1a, 7D4, 7E4, 13B8 or 18DS3, are used to create structurally related anti-Fucosyl-GM1
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5To determne if the selected anti-Fucosyl-GJVL nonocl onal anti bodi es
bind to uni que epitopes, each antibody can be biotinylated using
comercially avail abl e reagents (Pierce, Rockford, IL). Conpetition
studi es usi ng unl abel ed nonocl onal anti bodi es and bi otinyl at ed
nonocl onal anti bodi es can be perforned using Fucosyl-GMVL coat ed- ELI SA
pl ates as descri bed above. Biotinylated mAb bi ndi ng can be detected
wth a strep-avidin-allcaline phosphatase 10 probe. To determ ne
the isotype of purified antibodies, isotype ELI SAs can be perfornmed
using reagents specific for antibodies of a partlcular i sotype. For
exanpl e et.erm ne_t.he iso e of .ant i body,
wo 15 oPeiReleS e SR PR R onalprPstb R B OB E oS e g a
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30 one, some or all of the functional properties of the anti-Fucosyl-GM1 antibodies described

herein, which functional properties include, but are not limited to:
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Cyt ot oxi ns can be conjugated to anti bodies of this disclosure using

| i nker technol ogy available in the art. Exanples of |inker types that
have been used to conjugate a cytotoxin to an antibody include, but
are not limted to, hydrazones, thioethers, esters, disulfides and
pepti de-containing linkers. A linker can be chosen that is, for
exanpl e, susceptible to cleavage by low 25 pH within the | ysosonal
conpartnent or susceptible to cl eavage by proteases, such as

prot eases preferentially expressed in tunor tissue such as cat hepsins
(e.g., cathepsins B, C, D). For further discussion of types of

cytotoxins, |inke and r ¢ r 4l agents to
anti bodi es, see a@ tlllfn?y fwsy?%g ﬁ’ﬂ%@"h@r gﬁﬂ‘iﬂv‘e Rev.
55:199- 215; Tr ai (b) biddto tliﬂhlaﬂlan se20IQ3) hiparemler deMQbMSlWT?MHﬁh'S eL.C
52: 328- 337 @é_]‘ & (2003) 30 Cancer Cell 3:207-212; Alen,

(2002) er 2:750-763; Pastan, |. and Kreltnan R J
(2002) Curr Opln I nvestig. Drugs 3:1089-1091; Senter, P.D. and
Spri nger, (2001) Adv. Drug Deliv. Rev. 53:247-264.
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30  techniques. For antibodies expressed by hybridomas (e.g., hybridomas prepared from transgenic

mice carrying human immunoglobulin genes as described further below), cDNAs encoding the
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I n anot her aspect, the present disclosure features bispecific

nol ecul es conprising an anti Fucosyl -GWVL anti body, or a fragnent
thereof, of this disclosure. An antibody of this disclosure, 5 or

anti gen-bi ndi ng portions thereof, can be derivatized or linked to
anot her functional nolecule, e.g., another peptide or protein (e.qg.,
anot her anti body or ligand for a receptor) to generate a bispecific
nol ecul e that binds to at least two different binding sites or target
nol ecul es. The anti body of this disclosure may in fact be derivatized
or linkd to nDre t han one ot her functional nDIecuIe to generate

mul tis i i
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30  gene (as well as a Fab light chain gene) by operatively linking the VL-encoding DNA to another

DNA molecule encoding the light chain constant region, CL. The sequences of human light
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25 4,954,617, the teachings of which are fully incorporated by
reference herein. These anti bodies bind to an epitope of Fcyl21,
FcyRI'l or FeyRIIl at a site which is distinct fromthe Fey binding
site of the receptor and, thus, their binding is not bl ocked
substantially by physiological levels of IgG Specific anti-FeyR
anti bodi es useful in this disclosure are mAb 22, mAb 32, mAb 44, mAb
62 and mAb 197. The hybridoma producing mAb 32 is available fromthe
Anerican Type 30 Culture Collection, ATCC Accession No. HB9469. In
ot her enbodi nents, the anti-Fey receptor antibody is a hunmanized
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Al ternatively, both binding specificities can be encoded in the sane
vect or and expressed 15and assenbled in the sane host cell. This
nmethod is particularly useful where the bispecific nolecule is a mAb
X mAb, InA. b x Fab, Fab x F(abl)2 or ligand x Fab fusion protein. A
bi specific nolecule of this disclosure can be a single chain nolecule
conprising one single chain anti body and a binding determ nant, or a
single chain bispecific nolecule conprising two bindi ng determ nants.
Bi specific nolecul es may conprise at |east two single chain

nol ecul es. 20 Methods for preparing bispecific nolecules are
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i ntravenous, intranuscul ar, subcutaneous, parenteral, spinal or

epi dermal adm nistration (e.g., by injection or infusion). Depending
on the route of adm nistration, the active conpound, L e., anti body,
i mrunoconj uage, or bispecific nolecule, nay be coated in a materi al
to protect the conpound fromthe action of acids and ot her natural
conditions that may inactivate the 30 conmpound. The

phar maceuti cal conpounds of this disclosure may include one or nore
pharmaceutically acceptable salts. A "pharnaceutically acceptable
salt" refers to a salt that retains the desired biological activity
of the parent co es no ar undesi r,ed
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10 Therapeutic conpositions typically nmust be sterile and stable
under the conditions of manufacture and storage. The conposition can
be formul ated as a solution, mcroenul sion, |iposone, or other
ordered structure suitable to high drug concentration. The carrier
can be a solvent or dispersion mediumcontaining, for exanple, water,
et hanol, polyol (for exanple, glycerol, propylene glycol, and liquid
pol yet hyl ene glycol, and the like), and suitable m xtures 15 thereof.
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coating such as lecithin, by the nmaintenance of the required particle
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Dosage unit formas used herein refers to physically discrete units
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30  suspensions of splenic lymphocytes from immunized mice can be fused to one-sixth the number

of P3X63-Ag8.653 nonsecreting mouse myeloma cells (ATCC, CRL 1580) with 50% PEG.
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In sone nethods, two or nore nonoclonal antibodies wth different

bi ndi ng specificities 30 are adm ni stered sinultaneously, in which
case the dosage of each anti body adm nistered falls within the ranges
i ndi cated. Antibody is usually adm nistered on nultiple occasions.
Intervals between single dosages can be, for exanple, weekly,

mont hly, every three nonthgs or yearly. Intervals can al so be
irregular as indicated by neasuring blood | evels of antibody to the
target antigen in the patient. In sonme nethods, dosage is adjusted to
achi eve a plasna antibody concentration of about 1-1000 jig /m and
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For example, to express the antibodies, or antibody fragments thereof, DNAs encoding

30  patia] or full-length light and heavy chains, can be obtained by standard molecular biology
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conmpound to inhibit, such inhibition in vitro by assays known to the
skilled practitioner. A therapeutically effective anobunt of a

t herapeutic conpound can decrease tunor size, or otherw se aneliorate
synptonms in a subject. One of ordinary skill in the art would be able
to determ ne such anounts based on such factors as the subject's
size, the severity of the subject's 10 synptons, and the particul ar
conposition or route of adm nistration sel ected. A conposition
of the present disclosure can be adm nistered via one or nore routes
of adm ni stration using one or nore of a variety of methods known in
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30  expression vector, including the selection of regulatory sequences, may depend on such factors

as the choice of the host cell to be transformed, the level of expression of protein desired, efc.
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Clin. Pharmacot 29:685). Exenplary targeting noieties include folate
or biotin (see, e.g., US. Patent 5,416,016 to Low et at); nannosi des
(Urezawa et at, (1988) Bi ochem Biophys. Res. Commun. 153:1038);

anti bodies (P.G Bloeman et aL (1995) FEBS Lett. 357:140; M Owais
25et at (1995) Antim crob. Agents Chenother. 39:180); surfactant
protein A receptor (Briscoe et at (1995)Am Physiol. 1233:134); pl20
(Schreier et al. (1994)1 Biol. Chem 269:9090); see also K. Keinanen;
M L. Laul ckanen (1994) FEBS Lett. 346:123; J.J. Killion; 1.J. Fidler
(1994) I rmunonzet hods 4:273. 30 Uses and Methods of this disclosure
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tunors. ?@Fa% stells. cxnression ofgutiberdiesiin edaryatip cgls, asdmost
comgaul ncﬁrbﬁfhbly mammalian host cells, is the most preferred because such eukaryotic cells, and in

particular mammalian cells, are more likely than prokaryotic cells to assemble and secrete a
properly folded and immunologically active antibody. Prokaryotic expression of antibody genes
has been reported to be ineffective for production of high yields of active antibody (Boss, M. A.
and Wood, C. R. (1985) Immunology Today 6:12-13),

30 Preferred mammalian host cells for expressing the recombinant antibodies of this
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wi th ot her imunogeni c agents, standard cancer treatnments or other

anti bodi es, as described bel ow Anti -fucosyl GVL nonocl onal
anti bodi es have been denonstrated to nedi ate potent CDC directed
agai nst fucosyl GVL positive cell lines (Livingston PO et at (1994)J

Cin 5 Oncol. 12: 1036-44; Brezicka et aL (2000) Cancer | nmunol

| munot her 49:235-42). Further, it has been reported that the

conpl enent activation, induced by nonocl onal antibodies specific to
fucosyl-GML, in conbination with cytostatic drugs result in
synergistic cytotoxic effects on facosyl-GVL expressing cells lines
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30 | ynphomas), enbryonal carcinomas, undifferentiated carci nomas of

t he rhino-pharynx (e.g., Schrnincke's tunor), Castleman's disease,
Kaposi's Sarcoma, nultiple nyel oma, Wal denstrom's nacrogl obul i nem a
and ot her B-cell |ynphonas, nasopharangeal carcinomas, bone cancer
skin cancer, cancer of the head or neck, cutaneous or intraocul ar
mal i gnant nel anoma, uterine cancer, rectal cancer, cancer of the anal
regi on, stomach cancer, testicular cancer, uterine cancer, carcinonma
of the fallopian tubes, carcinoma of the endonetrium carcinoma of
the cervix, 5 carcinona of the vagina, carcinoma of the vulva, cancer
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Fucosyl - GML-rel at ed di seases. Exanpl es of Fucosyl-GVvL-rel at ed

di seases include, anong others, lung cancer (including small cel

| ung cancer and non-snall cell lung cancer). 15Suitable routes of
adm ni stering the anti body conpositions (e.g., human nonocl onal
anti bodi es, multispecific and bispecific nol ecul es and

i mmunoconjugates ) of this disclosure in vivo and in vitro are well

known in the art and can be selected by those of ordinary skill. For
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| gA-receptor bearing cells. If desired, effector cells can be
obtained fromthe subject to be treated. The target-specific effector
cells can be adm nistered as a suspension of cells in a
physi ol ogi cal |y acceptabl e solution. The nunber of cells adm nistered
can be in the order of 108- le but wll vary depending on the

t herapeutic purpose. In general, the anobunt will be sufficient 25to

obtain localization at the target cell, e.g., a tunor cell expressing
Fucosyl-GM and to effect cell killing by, e.g., phagocytosis. Routes
of admi nistration can al so vary. Therapy with target-specific
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Accordingly, patients treated with anti body conpositions of this

di scl osure can be additionally adm nistered (prior to, sinultaneously
with or followi ng adm nistration of a human anti body of this

di scl osure) with another therapeutic agent, such as a cytotoxic or
radi ot oxi ¢ agent, which enhances or augnents the therapeutic effect
of the human anti bodi es. I n ot her enbodi nents, the subject
can be additionally treated with an agent that nodul ates, e.g.,
enhances or inhibits, the expression or activity of Fey or Fey
receptors by, for exanple, treating the subject with a cytokine.
Preferred cytokines for adm nistration during treatnment with the
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fact or Bipedficdfleculpsanul ocyt e- macr ophage col ony-stinul ating factor
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20  includes bispecific molecules capable of binding both to FcyR or FcaR expressing effector cells
(e.g., monocytes, macrophages or polymorphonuclear cells (PMNs)), and to target cells
expressing Fucosyl-GM1. These bispecific molecules target Fucosyl-GM1 expressing cells to
effector cell and trigger Fc receptor-mediated effector cell activities, such as phagocytosis of an
Fucosyl-GM1 expressing cells, antibody dependent cell-mediated eytotoxicity (ADCC), cytokine
25 release, or generation of superoxide anion.

In an embodiment of this disclosure in which the bispecific molecule is multispecific, the
molecule can further include a third binding specificity, in addition to an anti-Fc binding
specificity and an anti-Fucosyl-GM1 binding specificity. In one embodiment, the third binding
specificity is an anti-enhancement factor (EF) portion, e.g., a molecule which binds to a surface

30  protein involved in cytotoxic activity and thereby increases the immune response against the

49



Ant i gen | muni zation protocols utilized as antigen

Sal nonel | a m nnesota adsorbed fitcosyl-GVL 5 ( Northwest

Bi ot herapeutics, Inc.). Tronsgenic HuMab and KM mce'm Fully human
nonocl onal anti bodies to Fucosyl-GVL were prepared using the HCo7,
HCo12, HCo7+1-1Col 2 strains of HuMab transgenic mce and the KM
strain of transgenic transchronosom c mce, each of which express
human anti body genes. In each of these nobuse 10 strains, the
endogenous nouse kappa |ight chain gene has been honbzygously

di srupted as described in Chen et aL (1993) EMBO .1 12:811-820 and
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t hese mfiagmesttor ailigandthat bieds ta algiven mdialeae. ki, ghintizeabna tecepiog eftEthereby

KCo5, as described in Fishwild, et al (.1996) Nature Bi ot echnol ogy

- oas. BRI orno cnpsrSiopnht el of e dtRE dtesirinanis o e b gFoRB FarEet

transge - deser | d S . . {10, 429 545, 806;

5. 625, B! %ﬁ%sﬁ%@%##ﬁ%ﬁg‘;ﬁ% O carbind LF {6 ptopor et el

heavy chatigdn! PAREAE0Eyake SRB&HaRRheh i i 1O

exampl o 2 b 01] 144247 The HCo?+Hcglgfagf%%%%ﬂlg@ﬁgge{ﬁ%@h%%’?emt

and t he fiomdhe epfity §o whichithe firstand gegped bimfiing spegifieities hind JFor gkamplefhe 8620

transch j i AP STel j o0

{hose. oFTaRc ARt Ry f99A(dn def il aeubio el g i CDRLIRGHR s fhe
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Fucosyl ?f%\)éﬂw?lyul\/ab mce and KM mcem were immunized with Fucosyl - GVL
y

adsor be ophilization onto the surface of acid treated
Sal ddnel | a Mmoresaibed{po,thessiecilicandleinibs of thicdiscldsies JompBe ey @binding

i mmuni zati gn..sch s 25 for, HUMab m ce_are described in Lonber N.
et al (TSI (5P Onb BT Or nariibodh FeppeN et prlnineca 2. Fuighekab'
Nat ure B{ab)gah) ot 9G)glt 4haiB %% Thd ardibddPily BB bé & EhiQRaNOr R8I +84 dintle

mce were 6-16 weeks of age upon the fast infusion of antigen.
Tr ansgenr syminénalgragmennthencatuich at a Byperad diogle ehajn ¢doshud s described in Ladner

subcut an I 5. (,SC ) Wt i,gen in.c l.ete Freund s adjuvant tw ce,
B Y Bl SN o A Dkt S B S P B bt
| MU zat | onky)onéleibotifiten@nid E8ding BoeciTeRBlrah ¥l FRUR6r i§ pARide . The

i mmune response was nonitored by ELISA (described bel ow) of séra

obt ai neBroRPdeRal artikodyythe bigding o Bhich isnaiblasked bxhuvanf imsmuseglobwlind {1g6).

anti - f ugQsyla Mk i f.on fUusions, ce
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and r enclwainosdm¢ heThpk genes efaide atotalrofefelve v nembldve Mr selible Riceptyei ng
To_sel ect HuMab or KM m ceTM produci ng

Anti - Fucosvl - Ant i bodi es:

ant | bodi*ELPRR SRR FORRBin R E oY BEFor ASHR R ATRAHRIAF D ke TRICE D it
tesb@d pPyrRAhl(EH18F HR%E bidraraynrbhR{EM b F afRid 1
nat ur al ?Yucosgyl - C§/I1 pur :bfi ed fromeit H(lg% fct?g%cg ﬁoaﬁgﬁr}ér?@ggse y Hohi

t r ansf eChammaeldyRI isre?2 KiNomplevelstwiBtlosHoes hjphuafficty, fot monymeric fgGoiros - 10°
bovi ne E{@u n (Matreya, Inc) was solubilized in nmethanol at 1 ng/m

and passively adsorbed onto pol ypropylene mcroliter plates, 50

ul/wel |, by @hd prdfydtidg add ch@ameizeRes Rt g pféﬂérre@l‘a%tirfrg/ﬁmﬁo@io‘nﬁlraln?ﬁbodies
plates coated wth rel ated control anti qgns such as 15 were
pr epar e@egescaibed by Fanges eradn PCIrPublieation WQES0085 2end ibdHB Rateniboay

| apes 3 j 9 i Rqin P .Or
1497, ¥ el Ll 0L, g
i mruni zbidd e sreepipe ofBcRd, RegRBEac Foyldlllat asite which adistihef fosm the2FdyGikidingadite
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mAb 62 and mAb 197, The hybridoma producing mAb 32 is available from the American Type
30 Culture Collection, ATCC Accession No. HB9469, In other embodiments, the anti-Fey receptor
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20 anti bodi es each conjugated to horseradi sh peroxi dase (HRP). After
washi ng, the plates were devel oped with TMB substrate and anal yzed by
spectrophot oneter at OD 450nm M ce that devel oped the hi ghest
titers of anti-fucosyl-GVL anti bodi es were used for fusions. Fusions
were perforned as descri bed bel ow and hybri doma supernatants were
tested for anti-fucosyl-GML activity by ELISA. 25 Generation of

Hvbri domas Produci ng Human Monocl onal Anti bodi es to Fucosyl - GVL:

Spl enocytes were isolated fromthe HuMab(r) mce and KM m ceTm and

were fused to a nouse nyel oma cell |ine either usi ng PEG based upon
st andar ghifioly RGGunaaf &hﬁﬁ{d{f‘n@oﬁb g a
Cyto Pul se IQ%rge charﬁger cel Ssllagﬂag ec Q[fﬂe(p&/cﬁ]@u r&

Sci encesgharaotgizaticd afithaBd 23 B@lbOﬂW@@eSCﬂbhélrr@maianm,dgFm o, (tﬁ%jﬁ.ﬁ Imﬁfuaol 155
th f bodi
gl o LR850 LT SN oAy YRS Btk niibsBg oo Bie was

wer e f udgdsited abthe-Aroeridah TtybeCnlﬂ‘ll’sﬂoll@ﬁnoﬁmtﬁkg&séﬁﬁtdh%Aﬁmtdnﬂ%as

nous el ona ceII CRL 1580) or SP2/0 non-secreting nouse
nyel rra%@F‘f°§SI? Ié['gl]:_EﬁQZSM) usi ng 50% PEG (Sigma). Cells were
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dit 013,
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t helHaT 105351 e PISHR ROV IR eRgode s verRb plicanatively sphicedriesmernlrane d
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ant i bodi es. brido specil I ng act|V|ty in the
ELI SA amgagcy@@mrvphegee eroamphlahc webnegtiopylid-a@Sil fcjesc biutmo totbsdreetfecfop kel

specifig ndi n ucos d

hor1 done T bR b R M BRI O A PR e AN o TeA, whieh iacs
ver e  suficred&dhupoieckpaburk @asftoltinéseactbys GOBFtdr TV IR M GHbn, TS of EISH|996)HQ
stable sub-cl ones were then cultured in vitro to generate smal

noltht s wa%#ﬁwé%ﬁdmnw(%&g 423r4¢0)s Four RagiRIwpect mpmnlormh@tﬁnd@;

iﬁ[)eﬁ['o*r???‘féa‘a?ﬁ%%eﬂﬁ SEBA AT YRRt oRigk e B e Bfing Bain
pr oducehasmfo‘éemdmdsﬁbed@wﬁmtenmnhml endl] Ue9HUY phadol 4811766)0r purification

of nonocl ona) t|-fu syl-GWL for further characterization.

20Hybr | dorraa]%ﬂo%qég d Eey W*&H@#B@gewwt%sﬁg use inphebispreific reedsculrsrad this
sel ect egisd1Qdurd bHch &@r@é l Bk

of hunansnorlll{)cl onlgsig 1<l';1nt| b?)‘lgfg%re%éﬁm&@?n?m ﬁé?%%@étof%%g{ g%%&d@%ﬁe
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t he 5B di
obt a nesl Frons hao el sctfis RE ADEE SRA0S) QRS (bR L8 ©
r espect antighy presrutatign of amfijzens) immimmlfmnqgms tarpstedeas ﬁleaequenced usi ng
t andard encin e cle am._no
Zm d sequencezleiéq‘}f I mﬁ%%fﬁonaic]ﬁrgﬁ’ a’\?%\?rfigfﬂf e%e@#‘ nangtk’ ‘g%s i lﬁli‘ En8eown
i n Fi guemplbyeddn chei Bisp‘éEﬁclﬂiblNﬁle%Q)f dildidc]osiRSRE ifutivg | cYimeric and humanized

25  monoclonal antibodies.

The bispecific molecules of the present disclosure can be prepared by conjugating the
constituent binding specificities, e.g., the anti-FcR and anti-Fucosyl-GM1 binding specificities,
using methods known in the art. For example, each binding specificity of the bispecific
molecule can be generated separately and then conjugated to one another. When the binding

30  specificities are proteins or peptides, a variety of coupling or cross-linking agents can be used for
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The nucl eoti de and ami no acid sequences of the light chain variable
region of 5B1 are shown in Figure 1B and in SEQ ID NO 55 and 7,
respectively. Conparison of the 5B1 heavy chai n i mmunogl obul i n
sequence to the known hurman germ i ne i nmunogl obul i n heavy chain
sequences denonstrated that the 5Bl heavy chain utilizes 5 a VI
segnent from human germine VIl 3-48, a D segnent fromthe human
germine 1-1, and a JET segnent from human gerniine JET 6b. The
alignnent of the 5B1 VII sequence to the germine VII 3-48 sequence
is shown in Figure 7. Further analysis of the 5B1 VIl sequence using
t he Kab ' ] ' 1 he | k- ihen
of tho Paa e Rto B B O o S i Ak ek phiteh A0 BB 09T o
and 7, swedinimidgrascelylfitoaceBite (B TS, 3 edidijobisdpimbenseicacid) (DTNB), o-

Co i f the 5B1 i in i bul j

cnown rRERE s (AR, S Gr e el SR L) ana
denonst sufostciniiaidyl AEN-bBleimiddhietsyblotiiahé-2 @arboxhte FRUFEINICEY Wt eg.
humgn gennl i ne Vi é%g and a JK iigment from human gennline MC 4. Tﬁe
al i gnmehPpYsky geals @84, L déade 26T H80nEug MAeriah L 19R) Prox. degudsendeSeis

A ent -t g . _ .
shown i psirisgi8648)8 OtHe? nl%mohbﬁ{cm’a@@{o\ééaécﬁﬁcdtlﬂﬁfggslggh?)ﬁ%‘a@@ggﬁﬁ. Wit b

t he Kabat System of CDR regi on determ nation I neat1 on

of the 18.dh¢-18hdirpnremraal. Sretcd Z0:5lei)oand Glsoniterwd (198 Higlmwmeol B

and 8, Ry | : ) . i ) Th
o0, . EEA0 0 B8 Al 00t SSERSE LARLMOC, o e om
r egi on Ritrcb BbamankECes {Borkfond, Ei)gure 2A and in SEQ I D NO 50 and 2,

respectivel y,,20The. nucl eoti.de and i NO i.d sequences of the |ight
chai™ vari ab%el}{é[lﬁi%@ﬁu@fslj lggﬁﬁaée lef’ﬁﬁ iC%EECW%WI%S P
NG 56 ashdfhe of der@edriniteils Ying s iof €3 19b hedg chiha Ih%épé}rﬁdﬁl'b@l'?'@)referred

i mmunogl obuli n sequence to,the ]Jténgwn hunan g&;‘m i.ne i mmunogl obulin
heavy  CHAPHILENIEREEES el SPPLIEH 1 $rmiah Heotstmber et rsidues,

utili zesreferably GRIPRAtO EoriBaibAEN gernline VI1 3-48, a D segnent from
t he human ge?m ine 1- 25@15@, and a_JET segnent from human germine JET

6b. The al i ghipatively. bat binding spesiBitercne Be ersodebingbs samerisclr andexpeessed
SeqUENCH di SsesHiviin : -VH...
SeaoncE SR il SnOhd ol T bBled T BRI el P il

t he delmpleerle e wAbKhrABaudd xdhbi Fab G2 CDRZamidFAOBsine gioteis. AS

shown in Figures 2A gnd 7, and in SEQ |ID NGs: 14, 20 and,k 26, . i
r espect MeRerific my this disclgpure an bepp Single chain meleayle comprisiagpstinglachain
sequencatihedy 4 <HRkAe SERIME TR R ol BRR Hd1dc] |
sequences _de)lrmnst_r ated that the 5B Iga Il g%?épgﬁgil;ir#aﬁdlll ?Ez)xggnghgwo
segment bipdipgrdefermiinanife rispasificyroleadesanay comprissefdenshivorsingle ¢hainamolecules,

gerY | Neadto: Bl GARRRE e 28 - b7
U D o "edbadion Pafutld HERD nitlels aneduliea REMERSE 11 0.8 BB A
VL sequi@h203s Uy Paleat N@abats, 9800 5t PODR Nuedicoh,88E1 & nUSaPatemt Nuenber
to the | At f e.li ai e i Qn S
(2 e, 9 A6 80k Sy PGSR NGB 8055 U 5908 ot
respect$,08,§53; U.S. Patébidlunibet £253,498; antiUSrPaentahinbes 5p82/868s of the
heavy chain yari ab ' of . 7 re.shown in Figure 3A_ and .in_SE
| D Klé 51 :'in i dllng Qttglgi’fesg%fgﬁ molecules to their specific Itargeté alill be confirmed l::y, for R
25  example, enzyme-linked immunosorbent assay (ELISA), radioimmunoassay (RIA), FACS
analysis, bioassay (e.g., growth inhibition), or Western Blot assay. Each of these assays
generally detects the presence of protein-antibody complexes of particular interest by employing
a labeled reagent (e.g., an antibody) specific for the complex of interest. For example, the FcR-
antibody complexes can be detected using e.g., an enzyme-linked antibody or antibody fragment

30  which recognizes and specifically binds to the antibody-FcR complexes. Alternatively, the
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The nucl eoti de and ami no acid sequences of the light chain variable
region of 7D4 are shown in Figure 3B and in SEQ 1) NG 57 and 9,
respectively. 10Conparison of the 704 heavy chai n i nununogl abulin
sequence to the known hurman germ i ne i nmunogl obul i n heavy chain
sequences denonstrated that the 704 heavy chain utilizes a VH segnent
(torn human gemline VH 3-48, a D segnent fromthe human gernline
1-1, and a IIl segnent from human germine JH 6b. The alignnment of
the 704 VII sequence to the germine VH 3-48 sequence is shown in
Figure 7. Further analysis of the 704 VII sequence 15 using the Kabat

t ' o i | t he del i neat i f th
oo s R LR GRUTAIE A LAl Qi Frfihan Rt A eRimiine
and in eﬁﬁ@)d}&m:rdcﬁoacﬂiel}ataﬂelﬁamdmﬂﬂi--fﬂﬁimmmr@mﬁsﬁ; ferRadipl,
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segnent. from human gernline KC 4. The alignnent of the

sequendEreiy)- tThe refiegetivaisotore eandegleteaied b sich meromas the use efiamecoBnter or a
Furt her i uence using the Kabat system of CDR
regi on sg&ﬁg%t%@n%%ﬁﬁ{%&%%ﬁ{é%&@g” neation of the |ight chain CDRL,
CDR2 and CD3 regions as shown in Figures 3B and 8, and in SEQ ID

NGs: 33,;,39 %@d‘é? reslecti vely. 25The nucl eotide and am no acid

sequen _ in variable region of 7E4 are shown in
Fi gure 4A and ahdth&lagpdet) ti@résénedistichure 1R6WE&!d do@lpdsition, e.g , aiM8rmaceutical
nucl eoti de and am np,aci d sequences of the |ight chain variable
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sequence to the known human 30 gennline i mmuhogl obul I'n heavy chain
sequen e FREora SEeh emnositines mey inelide pne ord qombiriatipn 08(eag. Wb or more

cori 1 it ) BB 8 infifoobiudsdor orRoi HEFDbIch LS 1 AU or
al i gnmeemple, & plermEtuies] serqprsitioa of this Hisclgeretinemnytiss dansieglopnge | S

h in..Fi 7. Furth i t 4 .\ | i th
i S g e R R et
t he heavjigahaithat GBRIcon{Entttd aétlV@idsegi ons as shown in Figures 4A and
7, and in SEQ ID NOs: 16, 22 and 528, tively. . Co
ot the 7E4 MREHRRCHEAHAIHSHON YEus HiFioalnshe En b alminigamAM RameiRsion
ger m i ARerhpyTHAQEdIbIHEd With bBB 28RS Po@@:aﬂlﬁ&gﬁé c&ﬁﬂﬁ&%nr{ ARy tRAhcIhdEan

7E4 light chain utilizes a VL segment from human gernline VK L15 and
a JK saghdivcosy-GMhentbadyelthe preecny disglosurp eombinefhwitinet ledst onpeotirgamt

S e Qe NGRr4rPmbidS, %ﬁﬂﬂngﬁlgé%sslaﬁﬁagéﬁtq ‘f)le% of %@%ﬁ%ﬁk&gﬁt@%}%@caﬁ'be Jﬂ?eddBR

Further anal ysi's of th 4 VL sequence usin stem o
regi on cambimaripmieraph afecdgsaribed iregrdatbr detail hebyw of the eetidn gtses bfithe a@ifbies

CDR2 a jﬂgpgi .ons as shown in Figures 4B and 8, and in SEQ ID
NGs: 34?’9 ar%%lg%? respectively. The nucl eotide and am no acid

sequences ofAstused haeiny " phixaiaceut@allpdiceptaidg barrie inchABSamr smddlicofvehn,
Figure 5A and in,.SEQ.1 D NO.53. an . respectively. 15The_nucl eoti de
R L e e L L e I L N Pl g R
ar e@ssheents,nffiguike thdBarithybioloBietlly E3rh:ibR. Paderdbly, the SRAEGH ik ¥Eikable for

intravenous, intramuscular, subcutaneous, parenteral, spinal or epidermal administration (e.g., by

injection or infusion). Depending on the route of administration, the active compound, i.e.,
antibody, immunoconjuage, or bispecific molecule, may be coated in a material to protect the
compound from the action of acids and other natural conditions that may inactivate the

30  compound.
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Conparison of the 13B8 heavy chai n i munogl obul i n sequence to the
known human germ i ne i mmunogl obul i n heavy chai n sequences
denonstrated that the 13B8 heavy chain utilizes a VH segnent from
human germine VH 3-48, a D segnent fromthe human germine 1- 20 1,
and a JH segnent from human germ ine JH 6b. The alignment of the 13B8
VH sequence to the gerrnline VII 3-48 sequence is shown in Figure 7.
Further analysis of the 13B8 VI|I sequence using the Kabat system of
CDR region determnation led to the delineation of the heavy chain
CDR1, CDR2 and CD3 regions as shown in Figures 5A and 7, and in SEQ
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18D5 VI Lhsiesddensife Podalife 8 1Eikee VH 3-48 sequence is shown in Figure
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syst em of CDRPhamgagentivel eompiosition efithisdibclosurk hbso delyiinehadei aophanfiacetitcally
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also be desirable to include isotonic agents, such as sugars, sodium chloride, and the like into the
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intercalation into the nenbrane for 15 mnutes at 37C, followed by 30
m nutes at roomtenperature with occasional m xing throughout. Cells
were centrifuged at 1000 rpm for 10 m nutes. The supenate was

di scarded and the "dopedThells were resuspended at a density of 4 X
106 cells/mM in PACS buffer (PBS without Ca or My +1% human serum +2%
PBS + 2nM 5 EDTA). Simlarly, control cells were prepared "doped"
wth a related antigen such as GML or with no antigen. Exanple 4.
Characterization of binding specificity and bindi ng kinetics of

anti - Fucosyl - GML human nonocl onal anti bodi es Bi nding specificity by
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secondary ar ‘%’ ﬂ%ﬁ‘gﬁ“?ﬁb&ﬁ F30,PerRIPAFRG Y TINGQsEeTating theagtivg compewnd in the
LOXI N SB@@feld Amount in an appropriate solvent with one or a combination of ingredients enumerated
above, as required, followed by sterilization microfiltration. Generally, dispersions are prepared
by incorporating the active compound into a sterile vehicle that contains a basic dispersion
25  medium and the required other ingredients from those enumerated above. In the case of sterile
powders for the preparation of sterile injectable solutions, the preferred methods of preparation
are vacuum drying and freeze-drying (lyophilization) that yield a powder of the active ingredient
plus any additional desired ingredient from a previously sterile-filtered solution thereof.
The amount of active ingredient which can be combined with a carrier material to
30 produce a single dosage form will vary depending upon the subject being treated, and the

particular mode of administration. The amount of active ingredient which can be combined with
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Cell lines expressing fucosyl-GML (H-4-11-E or DM5 79) were suspended
in culture 10 nedium and di spensed into mcrotiter cell culture
plates at 7500 cells/well. Serial dilutions of test antibodies and

i sotype controls are prepared in culture nmediumand mxed with a 2:1
nol ar excess of saporin conjugated secondary anti body (HunZapTM
Advanced Targeting Systens, San Diego, CA [1T-22-25) for 1 hour on
ice. Antibody plus saporin conjugate m xtures were then m xed with
cells and incubated at 37C, 48-72 hours. Cell viability was neasured
with the 15 addition of MI'S (Pronmega) OD. is read after a further 4
hour in i | to
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In some methods, two or more monoclonal antibodies with different binding specificities
30  are administered simultaneously, in which case the dosage of each antibody administered falls

within the ranges indicated. Antibody is usually administered on multiple occasions. Intervals
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The ability of the anti-fucosyl-GVL HUMAb 7E4 to recogni ze

fucosyl -GVL by | HC was exam ned using clinical biopsies of small cell
| ung carcinoma (SCLC) and non-small cell lung carci noma (NSCLC).
25For i nmunohi st ochem stry, Snm frozen sections (Ardais Inc, USA)
prepared fromclinical biopsies of small cell [ung carcinoma (SCLC)
and non-small cell lung carcinoma (NSCLC). After drying for 30

m nutes, sections were fixed with nethanol (at roomtenperature for
10 minutes) and air-dried for 5 mnutes. Slides were rinsed in PBS
and then pre-incubated with 10% normal goat serumin PBS for 20 nmin
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wer e t akenpasitidnpphibe present dlsclosure employed, or the ester saIt or am1de thereof the route of

administration, the time of administration, the rate of excretion of the particular compound being

employed, the duration of the treatiment, other drugs, compounds and/or materials used in
combination with the particular compositions employed, the age, sex, weight, condition, general
25 health and prior medical history of the patient being treated, and like factors well known in the
medical arts.
A "therapeutically effective dosage" of an anti-Fucosyl-GM1 antibody of this disclosure
preferably results in a decrease in severity of disease symptoms, an increase in frequency and
duration of disease symptom-free periods, or a prevention of impairment or disability due to the

30  disease affliction. For example, for the treatment of tumors, a "therapeutically effective
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wer e random zed based on nmean tunor volune (about 200 mMmB) into six
groups of eight mce each for subsequent antibody therapy. On days 8
11, 15, 18, and 22 post-inplantation, mce were injected
intraperitoneally (i.p.) as the follow ng groups: (A PBS (vehicle
control); (B) human 1gGlL (isotype control) at 30 ng/ kg per nouse; (C
anti - Fucosyl - GML nonocl onal 5 anti body 5B1 at 10 ng/ kg per nouse; (D)
anti - Fucosyl - GVML nonocl onal anti body 5B1 at 30 ny/ kg per nouse; (E)
anti - Fucosyl - GVL nonocl onal anti body 7E4 at 10 ng/ kg per nouse; or
(F) anti-Fucosyl-OML nonocl onal anti body 7E4 at 30 ng/ kg per nouse

Th . : : . : : ‘ q
ow 1 ov et @bl dadb RN o8 fbnd Sy By b O a3 200 oAty
el ect r obyi @ Ignstadiont 4lVo,carki ere preforablyshyvas ianstrabasi 084 ahdsidbmad preferably by
di i I oo ht i dt.h x .l ength)..and,.t I ..

cal out <t dgrt o Rlate dh el PSR i BP ootk s gl tamor
dur at i ogroath danedeexgaatedrizinn ahbdal gays) systvinGRedieifve of bifitadyl iz Bdmuh Andrhie
tunmors ached. a _desi gnat t unor, .end- poi nt, (a_particul ar tunpr

vol Uire AlTRAED: BEBPTRAEOLSTPAHESR s preluated bermmipig thyrability of he

di s conf&&ﬁlgoaﬁd & 18R{bAY subh ARG, vERYBYRESR tlmxj)\%%{;))tge Jﬁll@ﬁ%ﬁgp«% 9:;] her

the anti-Fucosyl - GVL nonocl onal anti bodi és del ayed t unor
t he daytherapeticalbaeffrstiveanein aée berapetio campowmsandeirease sunorBeforof t he

7E4 an . |a1: %H o] b s signifi tl

del ayego@%%r“osr%%{regg#%o%ﬁl%ar e g?gﬁgcgh%é’?gﬁ | ssok(?@lﬁléh‘g%lﬁm)gﬁ% e(‘%@éo
Tabl e 1deterfiine suph abouhyfs bfséd emsiwh &ppeaasthe eutjet'slsize tbepesniipof thakibiedi'be
30 / kg treat r QU showi ng a_greater. e nse.in each case.
vor v emirb it A0 e s Bier SoltbtliPp Be B SR m T RBE0R ek Dody ot 30
ng/ kg never A eanpesitichQFGhapreseand{sdiadrecad e BlaihisteteDvia v R0 froG80of
mB at the termnation of the study on day 61. Table 1. Treatnent
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upon the desired results. Preferred routes of administration for antibodies of this disclosure

15  include intravenous, intramuscular, intradermal, intraperitoneal, subcutaneous, spinal or other
parenteral routes of administration, for example by injection or infusion. The phrase "parenteral
administration” as used herein means modes of administration other than enteral and topical
administration, usually by injection, and includes, without limitation, intravenous, intramuscular,
intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,

20  transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular, subarachnoid, intraspinal,
epidural and intrasternal injection and infision.

Alternatively, an antibody of this disclosure can be administered via a non-parenteral
route, such as a topical, epidermal or mucosal route of administration, for example, intranasally,
orally, vaginally, rectally, sublingually or topically.

25 The active compounds can be prepared with carriers that will protect the compound
against rapid release, such as a controlled release formulation, including implants, transdermal
patches, and microencapsulated delivery systems. Biodegradable, biocompatible polymers can
be used, such as ethylene viny] acetate, polyanhydrides, polyglycolic acid, collagen,
polyorthoesters, and polylactic acid. Many methods for the preparation of such formulations are

30 patented or generally known to those skilled in the art. See, e.g., Sustained and Controlled
Release Drug Delivery Systems, J.R, Robinson, ed., Marcel Dekker, Inc., New York, 1978.
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60 Anti-7E4 (10 ng/kg) 57 Anti-7E4 (30 ng/kg) >61 To exam ne
whet her Fucosyl -GWML continued to be expressed by the DM679 cells in
vi vo, binding of nonocl onal antibodies 7E4 and 5B1 to DMB79 cel |l s was
anal yzed by PACS prior to inplantation and after recovery of DWV679
cells fromuntreated tunors. The anti bodi es bound pre- and
post-inplantati on of DVb79 cells denonstrated that Fucosyl - GVL
expression 5 levels were nmaintained in vivo (Figure 11C). Fi gure
15A shows that all control mce (Goups A and B) except one reached
the tunor end-point well before day 61. Figure 15B shows that the
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Mean V
osmotic drug delivery system. These patents are incorporated herein by reference. Many other

such implants, delivery systems, and modules are known to those skilled in the art.

15 In certain embodiments, the human monoclonal antibodies of this disclosure can be
formulated to ensure proper distribution in vivo. For example, the blood-brain barrier (BBB)
excludes many highly hydrophilic compounds. To ensure that the therapeutic compounds of this
disclosure cross the BBB (if desired), they can be formulated, for example, in liposomes. For
methods of manufacturing liposomes, see, e.g., U.S. Patents 4,522,811; 5,374,548; and

20 5,399,331. The liposomes may comprise one or more moieties which are selectively transported
into specific cells or organs, thus enhance targeted drug delivery (see, e.g., V.V. Ranade (1989)
J. Clin. Pharmacol. 29:685). Exemplary targeting moieties include folate or biotin (see, e.g.,
U.S. Patent 5,416,016 to Low ef al.); mannosides (Umezawa ef al., (1988) Biochem. Biophys.
Res. Commun. 153:1038); antibodies (P.G. Bloeman ef al. (1995) FEBS Lett. 357:140; M. Owais

25 etal (1995) Antimicrob. Agents Chemother. 39:180); surfactant protein A receptor (Briscoe et
al. (1995) Am. J. Physiol. 1233:134); p120 (Schreier ef al. (1994) J. Biol. Chem. 269:9090); see
also K. Keinanen; M.L. Laukkanen (1994) FEBS Lett. 346:123; 1.J. Killion; IJ. Fidler (1994)
Immunomethods 4:273.

30  Uses and Methods of this disclosure

59
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The antibodies, antibody compositions and methods of the present disclosure have
numerous i vitro and in vivo diagnostic and therapeutic utilities involving the diagnosis and
treatment of Fucosyl-GMI1 mediated disorders. In a preferred embodiment, the antibodies of the
present disclosure are human antibodies. For example, these molecules can be administered to
cells in culture, in vifro or ex vivo, or to human subjects, e.g., in vivo, to treat, prevent and to
diagnose a variety of disorders. As used herein, the term "subject" is intended to include human
and non-human animals. Non-human animals includes all veriebrates, e.g., mammals and non-
mammnals, such as non-human primates, sheep, dogs, cats, cows, horses, chickens, amphibians,

and reptiles. Preferred subjects include human patients having disorders mediated by Fucosyl-

-GMI activity or having disorders coincident with a Fucosyl-GM1 mediated activity. The

methods are particularly suitable for treating human patients having a disorder associated with
aberrant Fucosyl-GM1 expression or increased Fucosyl-GM1 presence. When antibodies to
Fucosyl-GMI are administered together with another agent, the two can be administered in either
order or simultaneously.

Given the specific binding of the antibodies of this disclosure for Fucosyl-GM]1, the
antibodies of this disclosure can be used to specifically detect Fucosyl-GM1 expression on the
surface of cells and, moreover, can be used to purify Fucosyl-GM1 via immunoaffinity
purification.

This disclosure further provides methods for detecting the presence of Fucosyl-GM1
antigen in a sample, or measuring the amount of Fucosyl-GM1 antigen, comprising contacting
the sample, and a control sample, with a hurnan monoclonal antibody, or an antigen binding
portion thereof, which specifically binds to Fucosyl-GM1, under conditions that allow for
formation of a complex between the antibody or portion thereof and Fucosyl-GM1. The
formation of a complex is then detected, wherein a difference complex formation between the
sample compared to the control sample is indicative the presence of Fucosyl-GM1 antigen in the
sample.

Fucosyl-GM1 is expressed in small cell lung cancer, but not detected in normal lung or
other tissues (Nilsson et al. (1984) Glycoconjugate J 1:43-9; Krug et al. (2004) Clin Cancer Res
10:6094-100). An anti-Fucosyl-GMI antibody may be used alone to inhibit the growth of

cancerous tumors. Alternatively, an anti-Fucosyl-GM1 antibody may be used in conjunction
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- Anti-5B1 (30ng/kg) 174 85 172 84 - Anti-7E4 (10ng/kg) 177 85 175 84
12.5 % (1/8) Anti-7E4 (30ng/kg) 116 90 141 87 25 % (2/8) Thi s
study indicates that, in a nurine tunor nodel, treatnment with

anti - Fucosyl -GVL anti body functions in a dose dependent nanner and
has a significantly greater effect on tunor growth than the vehicle
and isotype controls. The anti-Fucosyl-GVL anti body treatnent also
did not cause the mce to |l ose weight or result in. any other
significant side-effects, indicating that

with other immunogenic agents, standard cancer treatments or other antibodies, as described
below.
Anti-fucosyl GM1 monoclonal antibodies have been demonstrated to mediate potent

CDC directed against fucosyl GM1 positive cell lines (Livingston PO et al. (1994) J Clin

5 Oncol12:1036-44; Brezicka et al. (2000) Cancer Immunol Immunother 49:235-42). Further, it
has been reported that the complement activation, induced by monoclonal antibodies specific to
fucosyl-GM1, in combination with cytostatic drugs result in synergistic cytotoxic effects on
fucosyl-GMI expressing cells lines (Brezicka and Einbeigi (2001) Tumour Biol 22:97-103).
Finally, anti-fucosyl-GM1 monoclonal antibodies have also been reporied to inhibit the

10 engraftment of fucosyl-GM1 expressing tumor cells in nude mice (Brezicka et al. (1991) It .J
Cancer 49:911-8). These data support the development of a fully human monoclonal antibody to
fucosyl-GM1 as an immunotherapeutic for the treatment of SCLC either alone or in combination
with chemotherapeutic agents.

Preferred cancers whose growth may be inhibited using the antibodies of this disclosure

15 include cancers typically responsive to immunotherapy. Non-limiting examples of preferred
cancers for treatment include lung cancer (including small cell lung cancer and non-small cell
lung cancer). Examples of other cancers that may be treated using the methods of this
disclosure include colon cancer (including small intestine cancer), lung cancer, breast cancer,
pancreatic cancer, melanoma (e.g., metastatic malignant melanoma), acute myeloid leukemia,

20  kidney cancer, bladder cancer, ovarian cancer and prostate cancer, renal cancer (e.g., renal cell
carcinoma), glioblastoma, brain tumors, chronic or acute leukemias including acute lymphocytic
leukemia (ALL), adult T-cell leukemia (T-ALL), chronic myeloid leukemia, acute lymphoblastic
leukemia, chronic lymphocytic leukemia, lymphomas (e.g., Hodgkin’s and non-Hodgkin’s
lymphoma, lymphocytic lymphoma, primary CNS lymphoma, T-cell lymphoma, Burkitt's

25  lymphoma, anaplastic large-cell lymphomas (ALCL), cutaneous T-cell lymphomas, nodular
small cleaved-cell lymphomas, peripheral T-cell lymphomas, Lennert's lymphomas,
immunocblastic lymphomas, T-cell leukemia/lymphomas (ATLL), entroblastic/centrocytic (ch/cc)
follicular lymphomas cancers, diffuse large cell lymphomas of B lineage, angioimmunoblastic
lymphadenopathy (AILD)-like T cell [ymphoma and HIV assocjated body cavity based

30  lymphomas), embryonal carcinomas, undifferentiated carcinomas of the rhino-pharynx (e.g.,

Schmincke’s tumor), Castleman’s disease, Kaposi’s Sarcoma, multiple myeloma, Waldenstrom®s
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5 these anti bodies are safe and well tolerated (Figure 17). Indeed,
the anti-Fucosyl-GVML anti bodi es showed a percent tunor growth
inhibition (TM% ranging from81l to 90 % on day 32 (Table 2). In
addition, treatnment with antibody 7E4 at a 30 ng/ kg dose resulted in
25% of the m ce being tunor free. The present disclosure is not to be
limted in scope by the specific enbodi ments 10 descri bed herein

| ndeed, various nodifications of this disclosure, in addition to

t hose described herein, will becone apparent to those skilled in the
art fromthe foregoing description and the acconpanying figures. Such
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as. 5Bl eardidoMK offiR¥albspian tikks arcinoma of the endometrium, carcinoma of the cervix,

5  carcinoma of the vagina, carcinoma of the vulva, cancer of the esophagus, cancer of the small
intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the parathyroid
gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the urethra, cancer of the
penis, solid tumors of childhood, cancer of the bladder, cancer of the kidney or ureter, carcinoma
of the renal pelvis, neoplasm of the central nervous system (CNS), tumor angiogenesis, spinal

10 axis tumor, brain stem glioma, pituitary adenoma, epidermoid cancer, squamous cell cancer,
environmentally induced cancers including those induced by asbestos, e.g., mesothelioma and
combinations of said cancers.

Furthermore, given the expression of Fucosyl-GM1 on various tumor cells, the human
antibodies, antibody compositions and methods of the present disclosure can be used to treat a

15 subject with a tumorigenic disorder, e.g., a disorder characterized by the presence of tumor cells
expressing Fucosyl-GMI including, for example, lung cancer (including small cell lung cancer
and non-small cell lung cancer), colon cancer (including small intestine cancer), melanoma (e.g.,
metastatic malignant melanoma), acute myeloid leukemia, lung cancer, breast cancer, bladder
cancer, pancreatic ¢ancer, ovarian cancer and prostate cancer. Examples of other subjects with a

20  tumorigenic disorder include subjects having renal cancer (e.g., renal cell carcinoma),
glioblastoma, brain tumors, chronic or acute leukemias including acute lymphocytic leukemia
(ALL), adult T-cell leukemia (T-ALL), chronic myeloid leukemia, acute lymphoblastic
leukemia, chronic lymphocytic leukemia, lymphomas (e.g., Hodgkin’s and non-Hodgkin’s
lymphoma, lymphocytic lymphoma, primary CNS lymphoma, T-cell lymphoma, Burkitt's

25  lymphoma, anaplastic large-cell lymphomas (ALCL), cutaneous T-cell lymphomas, nodular
small cleaved-cell lymphomas, peripheral T-cell lymphomas, Lemmert's lymphomas,
immunoblastic lymphomas, T-cell leukemia/lymphomas (ATLL), entroblastic/centrocytic (cb/cc)
follicular lymphomas cancers, diffuse large cell lymphomas of B lineage, angioimmunoblastic
Iymphadenopathy (AILD)-like T cell lymphoma and HIV associated body cavity based

30  lymphomas), embryonal carcinomas, undifferentiated carcinomas of the rhino-pharynx (e.g.,

Schmincke’s tumor), Castleman'’s disease, Kaposi’s Sarcoma, multiple myeloma, Waldenstrom’s

62



VHa.a. 7/D4 34 VK CDR1 as. 7E4 4 VH a.a. 7E4 35 VK CDR1 a.a. 13B8 5
VH a.a. 13138 36 VK CDR1 as. 18D5 6 VH a.a. 18D5 37 VK CDR2 a.a. 5131
7 VK a.a. 5B1 38 VK CDR2 a.a. 5B la 8 VK a.a. 5131a

10

15

20

25

30

macroglobulinemia and other B-cell lymphomas, nasopharangeal carcinomas, bone cancer, skin
cancer, cancer of the head or neck, cutaneous or intraccular malignant melanoma, uterine cancer,
rectal cancer, cancer of the anal region, stomach cancer, testicular cancer, uterine cancer,
carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoma of the cervix,
carcinoma of the vagina, carcinoma of the vulva, cancer of the esophagus, cancer of the small
intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the parathyroid
gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the urethra, cancer of the
penis, solid tumors of childhood, cancer of the bladder, cancer of the kidney or ureter, carcinoma
of the renal pelvis, neoplasm of the central nervous system (CNS), tumor angiogenesis, spinal
axis tumor, brain stem glioma, pituitary adenoma, epidermoid cancer, squamous cell cancer,
environmentally induced cancers including those induced by asbestos, e.g., mesothelioma and
combinations of said cancers.

Accordingly, in one embodiment, this disclosure provides a method of inhibiting growth
of tumor cells in a subject, comprising administering to the subject a therapeutically effective
amount of an anti-Fucosyl-GM1 antibody or antigen-binding portion thereof. Preferably, the
antibody is a human anti-Fucosyl-GM1 antibody (such as any of the human anti-Fucosyl-GM]1
antibodies described herein). Additionaily or alternatively, the antibody may be a chimeric or
humanized anti-Fucosyl-GM1 antibody.

In one embodiment, the antibodies (e.g., human monoclonal antibodies, multispecific and
bispecific molecules and compositions) of this disclosure can be used to detect levels of Fucosyl-
GM!1 or levels of cells which contain Fucosyl-GM1 on their membrane surface, which levels can
then be linked to certain disease symptoms. Altematively, the antibodies can be used to inhibit
or block Fucosyl-GM1 function which, in turn, can be linked to the prevention or amelioration of
certain disease symptoms, thereby implicating Fucosyl-GM1 as a mediator of the disease. This
can be achieved by contacting an experimental sample and a control sample with the anti-
Fucosyl-GM1 antibody under conditions that allow for the formation of a complex between the
antibody and Fucosyl-GM1. Any complexes formed between the antibody and Fucosyl-GM1
are detected and compared in the experimental sample and the control.

In another embodiment, the antibodies (e.g., human antibodies, multispecific and

bispecific molecules and compositions) of this disclosure can be initially tested for binding
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activity associated with therapeutic or diagnostic use in vitro. For example, compositions of this
disclosure can be tested using the flow cytometric assays described in the Examples below.

The antibodies (e.g., human antibodies, multispecific and bispecific molecules,
immunoconjugates and compositions) of this disclosure have additional utility in therapy and
diagnosis of Fucosyl-GM 1-related diseases. For example, the human monoclonal antibodies, the
multispecific or bispecific molecules and the immunoconjugates can be used to elicit in vivo or
in vitro one or more of the following biological activities: to inhibit the growth of and/or kill a
cell expressing Fucosyl-GM1; to mediate phagocytosis or ADCC of a cell expressing Fucosyl-
GM1 in the presence of human effector cells; or to block Fucosyl-GM1 ligand binding to
Fucosyl-GM1.

In a particular embodiment, the antibodies (e.g., human antibodies, multispecific and

bispecific molecules and compositions) are used in vivo to treat, prevent or diagnose a variety of

- Fucosyl-GM1-related diseases. Examples of Fucosyl-GM1-related diseases include, among

others, lung cancer (including small cell lung cancer and non-small cell lung cancer),

Suitable routes of administering the antibody compositions (e.g., human monoclonal
antibodies, multispecific and bispecific molecules and immunoconjugates ) of this disclosure in
vive and in vifro are well known in the art and can be selected by those of ordinary skill. For
example, the antibody compositions can be administered by injection (e.g., intravenous or
subcutaneous). Suitable dosages of the molecules used will depend on the age and weight of the
subject and the concentration and/or formulation of the antibody composition.

As previously described, human anti-Fucosyl-GM1 antibodies of this disclosure can be
co-administered with one or other more therapeutic agents, e.g., a cytotoxic agent, a radiotoxic
agent or an immunosuppressive agent. The antibody can be linked to the agent (as an
immunocomplex) or can be administered separate from the agent. In the latter case (separate
administration), the antibody can be administered before, after or concurrenily with the agent or
can be co-administered with other known therapies, e.g., an anti-cancer therapy, e.g., radiation.
Such therapeutic agents include, among others, anti-neoplastic agents such as doxorubicin
(adriamycin), cisplatin bleomyein: sulfate, carmustine, chlorambucil and cyclophosphamide
hydroxyurea which, by themselves, are only effective at levels which are toxic or subtoxic to a
patient, Cisplatin is intravenously administered as a 100 mg/ dose once every four weeks and

adriamycin is intravenously administered as a 60-75 mg/ml dose once every 21 days. Co-
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administration of the human anti-Fucosyl-GM1 antibodies or antigen binding fragments thereof,
of the present disclosure with chemotherapeutic agents provides two anti-cancer agents which
operate via different mechanisms which yield a cytotoxic effect to human tumor cells. Such co-
administration can solve problems due to development of resistance to drugs or a change in the
antigenicity of the tumor cells which would render them unreactive with the antibody.

In one embodiment, immunoconjugates of this disclosure can be used to target
compounds (e.g., therapeutic agents, labels, cytotoxins, radiotoxoins immunosuppressants, etc.)
to cells which have Fucosyl-GM1 cell surface receptors by linking such compounds to the
antibody. For example, an anti-Fucosyl-GM1 antibody can be conjugated to any of the toxin
compounds described in US Patent Nos. 6,281,354 and 6,548,530, US patent publication Nos.
20030050331, 20030064984, 20030073852 and 20040087497 or published in WO 03/022806,
which are hereby incorporated by reference in their entireties. Thus, this disclosure also provides
methods for localizing ex vivo or in vive cells expressing Fucosyl-GM1 (e.g., with a detectable
label, such as a radioisotope, a fluorescent compound, an enzyme or an enzyme co-factor).
Alternatively, the immunoconjugates can be used to kill cells which have Fucosyl-GM1 cell
surface receptors by targeting cytotoxins or radiotoxins to Fucosyl-GM1.

Target-specific effector cells, e.g., effector cells linked to compositions (e.g., human
antibodies, multispecific and bispecific molecules) of this disclosure can also be used as
therapeutic agents. Effector cells for targeting can be human Jeukocytes such as macrophages,
neutrophils or monocytes. Other cells include eosinophils, natural killer cells and other IgG- or
IgA-receptor bearing cells. If desired, effector cells can be obtained from the subject to be
treated. The target-specific effector cells can be administered as a suspension of cells in a
physiologically acceptable solution. The number of cells administered can be in the order of 10%-
10° but will vary depending on the therapeutic purpose. In general, the amount will be sufficient
to obtain localization at the target cell, e.g., a tumor cell expressing Fucosyl-GM1 and to effect
cell killing by, e.g., phagocytosis. Routes of administration can also vary.

Therapy with target-specific effector cells can be performed in conjunction with other
techniques for removal of targeted cells. For example, anti-tumor therapy using the
compositions (e.g., human antibodies, multispecific and bispecific molecules) of this disclosure
and/or effector cells armed with these compositions can be used in conjunction with

chemotherapy. Additionally, combination immunotherapy may be used to direct two distinct
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cytotoxic effector populations toward tumor cell rejection. For example, anti-Fucosyl-GM1
antibodies linked to anti-Fc-gamma RI or anti«<CD3 may be used in conjunction with IgG- or
IgA-receptor specific binding agents.

Bispecific and multispecific molecules of this disclosure can also be used to modulate
FcyR or FeyR levels on effector cells, such as by capping and elimination of receptors on the cell
surface. Mixtures of anti-Fe receptors can also be used for this purpose.

The compositions (e.g., human antibodies, multispecific and bispecific molecules and
immunoconjugates) of this disclosure which have complement binding sites, such as portions
from IgG1, -2 or -3 or IgM which bind complement, can also be used in the presence of
complement. In one embodiment, ex vivo treatment of a population of cells comprising target
cells with a binding agent of this disclosure and appropriate effector cells can be supplemented
by the addition of complement or serum containing complement. Phagocytosis of target cells
coated with a binding agent of this disclosure can be improved by binding of complement
proteins. In another embodiment target cells coated with the compositions (e.g., human
antibodies, multispecific and bispecific molecules) of this disclosure can also be Iysed by
complement. In yet another embodiment, the compositions of this disclosure do not activate
complement.

The compositions (e.g., human antibodies, multispecific and bispecific molecules and
immunoconjugates) of this disclosure can also be administered together with complement.
Accordingly, within the scope of this disclosure are compositions comprising human antibodies,
multispecific or bispecific molecules and serum or complement. These compositions are
advantageous in that the complement is located in close proximity to the human antibodies,
multispecific or bispecific molecules. Alternatively, the human antibodies, multispecific or
bispecific molecules of this disclosure and the complement or serum can be administered
separately.

Accordingly, patients treated with antibody compositions of this disclosure can be
additionally administered (prior to, simultaneously with or following administration of a human
antibody of this disclosure) with another therapeutic agent, such as a cytotoxic or radiotoxic

agent, which enhances or augments the therapeutic effect of the human antibodies.

66



VH CDR2 ma. 18D5 55 VK n.t. 5B1 25 VH CDR3 a.a. 5B1 56 VK n.t. 5Bl a
26 VH CDR3 a.a. 5131a 57 VK n.t. 7D4 27 VIl CDR3 a.a. 7D4 58 VK n.t.
7E4 28 VH CDR3 a.a. 7E4 59 VK n.t. 13138 29 VI| CDR3 a.a. 13B8

10

15

20

25

In other embodiments, the subject can be additionally treated with an agent that
modulates, e.g., enhances or inhibits, the expression or activity of Fey or Fey receptors by, for
example, treating the subject with a cytokine. Preferred cytokines for administration during
treatment with the multispecific molecule include of granulocyte colony-stimulating factor (G-
CS8F), granulocyte- macrophage colony-stimulating factor (GM-CSF), interferon-y (IFN-y) and
tumor necrosis factor (TNF).

The compositions (e.g., human antibodies, multispecific and bispecific molecules) of this
disclosure can also be used to target cells expressing FeyR or Fucosyl-GM1, for example for
labeling such cells. For such use, the binding agent can be linked to a molecule that can be
detected. Thus, this disclosure provides methods for localizing ex vivo or in vitro cells
expressing Fo receptors, such as FeyR or Fucosyl-GM1. The detectable label can be, e.g., a
radioisotope, a fluorescent compound, an enzyme or an enzyme co-factor.

Also within the scope of the present disclosure are kits comprising the antibody
compositions of this disclosure (e.g., human antibodies, bispecific or multispecific molecules, or
immunoconjugates) and instructions for use. The kit can further contain one more more
additiona] reagents, such as an immunosuppressive reagent, a cytotoxic agent or a radiotoxic
agent or one or more additional human antibodies of this disclosure (e.g., 2 human antibody
having a complementary activity which binds to an epitope in the Fucosyl-GM1 antigen distinct
from the first human antibody). Kits typically include a label indicating the intended use of the
contents of the kit. The term label includes any writing, or recorded material supplied on or with

the kit, or which otherwise accompanies the kit.

The present disclosure is further illustrated by the following examples which should not
be construed as further limiting. The contents of all figures and all references, patents and
published patent applications cited throughout this application are expressly incorporated herein

by reference.
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CDR1 ma. 5131 62 VK L15 germine a.a. Cainms 1. An isolated human
nonocl onal anti body, or an antigen-binding portion thereof,
conprising a heavy chain variable region that conprises CDRl, CDR2,
and CDR3 5 dormains; and a light chain variable region that conprises
CDR1, CDR2, and CDR3 domai ns, wherein: (a) the heavy chain variable
regi on CDR1 conprises SEQ ID NO 16; (b) the heavy chain variable
region CDR2 conprises SEQ ID NO 22; (c) the heavy chain variabl e
regi on CDR3 conprises SEQ ID NG 28; 10(d)the light chain variable
regi on CDR1 conprises SEQ I D NO 34; (e) the light chain

vari abl e region CDR2 conprises SEQ %‘ﬂ%‘c‘}l‘%; and (f) the light
chain variable regi on CDR3 conprises SEQ I D NO 46,

Example1: Generation of human monoclonal antibodies against Fucosyl-GM1

Antigen
Immunization protocols utilized as antigen Salmonella minnesota adsorbed fucosyl-GM1
5  (Northwest Biotherapeutics, Inc.).

Transgenic HuMab and KM mice™
Fully human monoclonal antibodies to Fucosyl-GMI1 were prepared using the HCo7,

HCo12, HCo7+HC012 strains of HuMab transgenic mice and the KM strain of transgenic
transchromosomic mice, each of which express human antibody genes. In each of these mouse
10 strains, the endogenous mouse kappa light chain gene has been homozygously disrupted as
described in Chen ef al. (1993) EMBO J. 12:811-820 and the endogenous mouse heavy chain
gene has been homozygously disrupted as described in Example 1 of PCT Publication WO
01/09187. Each of these mouse strains carries a human kappa light chain transgene, KCo3, as
described in Fishwild ez al. (1996) Nature Biotechnology 14:845-851. The HCo7 strain carries
15  the HCo7 human heavy chain transgene as described in U.S. Patent Nos. 3, 770, 429; 5,545,306
5,625,825; and 5,545,807. The HCol2 strain carries the HCo12 human heavy chain transgene as
described in Example 2 of WO 01/09187 or example 2 WO 01/14424, The HCo7+HCol2 strain
carries both the HCo7 and the HCo12 heavy chain transgenes, The KM strain contains the SC20
transchromosome as described in PCT Publication WO 02/43478. All of these strains are

20  referred to herein as HuMAb mice.

HuMab and KM Immunizations:
To generate fully human monoclonal antibodies to Fucosyl-GM1, HuMab mice and KM

mice™ were immunized with Fucosyl-GM1 adsorbed by lyophilization onto the surface of acid
treated Salmonella Minnesota (Northwest Biotherapuetics, Inc.). General immunization schemes

25  for HuMab mice are described in Lonberg, N. et al (1994) Narure 368(6474): 856-859; Fishwild,
D. et al. (1996) Nature Biotechnology 14: 845-851 and PCT Publication WO 98/24884. The

mice were 6-16 weeks of age upon the first infusion of antigen.
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wherein the anti body specifically binds to Fucosyl-GW 152. The

anti body of claim1, wherein the antibody binds to the human snal |
cell lung cancer cell line DM5-79 (Human SCLC ATCC # CRL-2049).

3. The antibody or antigen-binding portion thereof of claiml or 2,
conprising a heavy chain variable region that is at |east 95%

I dentical to the am no acid sequence of SEQ 20 ID NGO 61; and/or a

| ight chain variable region that is at |east 95% identical to the
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car¥d erfrom immunized mice were tested by ELISA as described by Fishwild, D. et al. (1996). Briefly,

natural fucosyl-GMI purified from either fucosyl transferase transfectant cell lines (Northwest
Biotherapeutics, Inc.) or from bovine brain (Matreya, Inc) was solubilized in methanol at 1
mg/ml and passively adsorbed onto polypropylene microtiter plates, 50 ul/well, by air-drying at
room temperature for 1-2 hrs. Similarly, plates coated with related control antigens such as GMI
15  were prepared as a counter-screen for cross reactive antibodies. Assay plates were then blocked
with 250 pl/well of 1% ovalbumin in PBS for 1 hr at room temperature. Dilutions of plasma
from fucosyl-GMI1 immunized mice were added to each well and incubated for 1-2 hours at
ambient temperature. The plates were washed with PBS and then incubated for 1 hour at room
temperature with either a goat-anti-human IgG Fc or with goat-anti-human IgM Fc polyclonal
20  antibodies each conjugated to horseradish peroxidase (HRP). After washing, the plates were
developed with TMB substrate and analyzed by spectrophotometer at OD 450nm.
Mice that developed the highest titers of anti-fiucosyl-GM1 antibodies were used for
fusions. Fusions were performed as described below and hybridoma supernatants were tested for
anti-fucosyl-GM!1 activity by ELISA.

25  Generation of Hybridomas Producing Human Monoclonal Antibodies to Fucosyl-GM1:

Splenocytes were isolated from the HuMab® mice and KM-mice™ and were fused to a

mouse myeloma cell line either using PEG based upon standard protocols or electric field based
electrofusion using a Cyto Pulse large chamber cell fusion electroporator (Cyto Pulse Sciences,
Inc., Glen Burnie, MD). The resulting hybridomas were then screened for the production of

30  antigen-specific antibodies.
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15 10. An i mmunoconj ugate conprising the anti body or

anti gen-bi ndi ng portion thereof of any one of clains 1 to 8, |inked
to a therapeutic agent, such as a cytotoxin or a radioactive isotope.
2011. A conposi tion conprising the i munoconjugate of claim10 and a
pharmaceutically acceptable carrier. 12. An isolated nucleic acid

nol ecul e encodi ng the anti body or antigen-binding portion thereof of
any one of clains 1 to 8 25 13. An expression vector conprising the
nucleic acid nolecule of claim12. 14. A host cell conprising the
expression vector of claim13. 3015. A nethod for preparing an
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cel | | uh@18awitk highhicods] L lutamine and sodium pysuvate) plus 5 mM HEPES, 0.055 mM 2-
mercaptoethanol, 50 mg/ml gentamicin and 1x HAT (Sigma, CRL P-7185). After 1-2 weeks,
cells were cultured in medium in which the HAT was replaced with HT, Individual wells were

10 then screened by ELISA (described above) for human anti-fucosyl-GM1 IgG and IgM
antibodies.

The hybridomas with specific binding activity in the ELISA assay screen were further
tested by FACS (described below) for specific binding to fucosyl-GM1 adsorbed to mammalian
cells. Hybridomas exhibiting the highest specific binding by ELISA and FACS were sub-

15  cloned at least twice by limiting dilution. The resulting stable sub-clones were then cultured in
vitro to generate small amounts of monoclonal antibody in tissue culture medium. The ELISA
screen was repeated to confirm the activity of the sub-clones. The sub-clones with highest
activity in the ELISA were scaled up to produce sufficient conditioned medium (typically 1L) for
purification of menoclonal anti-fucosyl-GM1 for further characterization.

20 Hybridoma clones 5B1, 5B1a, 7D4, 7E4, 13BS8, 13B8a and 18D5 were selected for
further analysis.

Example2: Structural characterization of human monoclonal antibodies 5B1, 5B1a, 7D4,
7E4, 13B8 and 18D5

The ¢cDNA sequences encoding the heavy and light chain variable regions of the 5B1,
25 5Bla, 7D4, 7E4, 13B8 and 18D5 monoclonal antibodies were obtained from the 5B1, 5Bla,
7D4, 7E4, 13B8 and 18D5 hybridomas, respectively, using standard PCR techniques and were
sequenced using standard DNA sequencing techniques.
The nucleotide and amino acid sequences of the heavy chain variable region of 5B1 are
shown in Figure 1A and in SEQ ID NQ:49 and 1, respectively.
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SEQUENCE LI STI NG <110> Medarex, Inc. Vistica, Cynthia Holnmes, Eric H.
Branms, Peter Wtte, Alison Cardarelli, Josephine M <120> HUVAN
MONOCLONAL ANTI BODI ES TO FUCOSYL- GML AND METHODS FOR USI NG

ANTI - FUCOSVL- GML <130> MDX 0126PC <140> WO PCT/ US2006/ 061817 <141>
2006- 12- 08 <150> US 60/ 748915 <151> 2005-12-08 <160> 69 <170>
Patentln version 3.5 <210> 1 <211> 122 <212> PRT <213> Honp sapi ens
<400> 1 du Val Gn Leu Val GIl Ser Ay Ay @y Leu Val Gn Pro Ay
G u 151015 ser Leu Arg Leu Ser Cys Val Ala Ser Ay Phe Thr Phe Ser

Arg Tyr

10

15

20

25

30

The nucleotide and amino acid sequences of the light chain variable region of 5B1 are
shown in Figure 1B and in SEQ ID NO:55 and 7, respectively.

Comparison of the 5B1 heavy chain immunoglobulin sequence to the known human
germline immunoglobulin heavy chain sequences demonstrated that the 5B1 heavy chain utilizes
a VH segment from human germline VH 3-48, a D segment from the human germline 1-1, and a
JH segment from human germline JH 6b. The alignment of the 5B1 VH sequence to the
germline VH 3-48 sequence is shown in Figure 7. Further analysis of the 5B1 VH sequence
using the Kabat system of CDR region determination led to the delineation of the heavy chain
CDR1, CDR2 and CD3 regions as shown in Figures 1A and 7, and in SEQ ID NOs:13, 19 and
25, respectively. ‘

Comparison of the 5B1 light chain immunoglobulin sequence to the known human
germline immunoglobulin light chain sequences demonstrated that the 5B1 light chain utilizes a
VL segment from human germline VK. L15 and a JK segment from human germline JK 4. The
alignment of the 5B1 VL. sequence to the germline VK 1.15 sequence is shown in Figure 8.
Further analysis of the 5B1 VL sequence using the Kabat system of CDR region determination
led to the delineation of the light chain CDR1, CDR2 and CD3 regions as shown in Figures 1B
and 8, and in SEQ ID NOs:31, 37 and 43, respectively.

The nucleotide and amino acid sequences of the heavy chain variable region of 5Bla are
shown in Figure 2A and in SEQ ID NO:50 and 2, respectively.

The nucleotide and amino acid sequences of the light chain variable region of 5Bla are
shown in Figure 2B and in SEQ ID NO:56 and 8, respectively.

Comparison of the 5B1a heavy chain immunoglobulin sequence to the known human
germline immunoglobulin heavy chain sequences demonstrated that the 5B1a heavy chain
utilizes a VH segment from human germline VH 3-48, a D segment from the human germline 1~
1, and a JH segment from hurnan germline JH 6b. The alignment of the 5B1a VH sequence to
the germline VH 3-48 sequence is shown in Figure 7. Further analysis of the 581a VEH
sequence using the Kabat system of CDR region determination led to the delineation of the
heavy chain CDR!, CDR2 and CD3 regions as shown in Figures 2A and 7, and in SEQ ID
NOs:14, 20 and 26, respectively.

Comparison of the 5B1a light chain immunoglobulin sequence to the known human

germline immunoglobulin light chain sequences demonstrated that the 5B1a light chain utilizes a
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202530 Lys nmet Asn Trp Val Arg Gn Ala Pro Ay Lys Ay Leu Qu Trp
I1e 354045 Ser Tyr Ile Ser Arg Ser Ay Arg Asp Ile Tyr Tyr Ala Asp
Ser Val 505560 Lys Ay Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn
Ser Leu Tyr 65707580 Leu G n Met Ser Ser Leu ArgAsp Qu Asp TimAl a
Val Tyr Tyr Cys 859095 Ala Gy Thr Val Thr Thr Tyr Tyr Tyr Tyr Phe
Gy Met Asp Val Trp 100105110 Ay Leu Ay Thr Thr Val Thr Val Ser Ser
115120 <210> 2 <211> 122 <212> PRT <213> Hono sapiens 2/15 <400> 2
GQu Val dn Leu Val Qu ser Ay Ay Ay Leu Val Gn Pro dy Qu

VL segment from human germline VK L15 and a JK segment from human germline JK 4. The
atignment of the 5B1a VL sequence to the germline VK 115 sequence is shown in Figure 8.
Further analysis of the 5B1a VL sequence using the Kabat system of CDR region determination
led to the delineation of the light chain CDR1, CDR2 and CD?3 regions as shown in Figures 2B
5 and 8, and in SEQ ID NOs:32, 38 and 44, respectively.,
The nucleotide and amino acid sequences of the heavy chain variable region of 7D4 are
shown in Figure 3A and in SEQ ID NO:51 and 3, respectively.
The nucleotide and amino acid sequences of the light chain variable region of 7D4 are
shown in Figure 3B and in SEQ ID NO:57 and 9, respectively.
10 Comparison of the 7D4 heavy chain immunoglobulin sequence to the known human
germline immunoglobulin heavy chain sequences demonstrated that the 7D4 heavy chain utilizes
a VH segment from human germline VH 3-48, a D segment from the human germline 1-1, and a
JH segment from human germline JH 6b. The alignment of the 7D4 VH sequence to the
germline VH 3-48 sequence is shown in Figure 7.  Further analysis of the 7D4 VH sequence
15 using the Kabat system of CDR region determination led to the delineation of the heavy chain
CDR1, CDR2 and CD3 regions as shown in Figures 3A and 7, and in SEQ ID NOs:15, 21 and
27, 1espectively.
Comparison of the 7D4 light chain immunoglobulin sequence to the known human
germline immunoglobulin light chain sequences demonstrated that the 7D4 light chain utilizes a
20 VL segment from human germline VK L15 and a JK segment from human germline JK 4. The
alignment of the 7D4 VL sequence to the germline VK L15 sequence is shown in Figure 8.
Further analysis of the 7D4 VL sequence using the Kabat system of CDR region determination
led to the delineation of the light chain CDR1, CDR2 and CD3 regions as shown in Figures 3B
and 8, and in SEQ ID NOs:33, 39 and 45, respectively.
25 The nucleotide and amino acid sequences of the heavy chain variable region of 7E4 are
shown in Figure 4A and in SEQ ID NO:52 and 4, respectively.
The nucleotide and amino acid sequences of the light chain variable region of 7E4 are
shown in Figure 4B and in SEQ ID NO:58 and 10, respectively.
Comparison of the 7E4 heavy chain immunoglobulin sequence to the known human
30 germline immunoglobulin heavy chain sequences demonstrated that the 7E4 heavy chain utilizes

a VH segment from human germline VH 3-48, a D segment fiom the human germline 1-1, and 2
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151015 ser Leu Arg Leu ser Cys Val Ala Ser Gy Phe Thr Phe Ser Arg
Tyr 202530 Lys net Asn Trp Val Arg Gn Ala Pro Gy Lys Ay Leu GQu
Trp Val 35_ 4045 Ser Tyr lle ser Arg Ser Ay Arg Asp Ile Tyr Tyr Ala
Asp ser Val 505560 Lys Gy Arg Phe Thr Ile Ser Arg Asp Asn Al a Lys
Asn Ser Leu Tyr 65707580 Leu G n net Asn Ser Leu Arg Asp A u Asp Thr
Ala Val Tyr Tyr Cys 859095 Ala Ay Thr Val Thr Thr Tyr Tyr Tyr Tyr
Phe dy Met Asp Val Trp 100105110 - -dy H's Ay-Thr-Thr Val - Thr
Val - Ser-Ser 115120 <210> 3 <211> 121 <212> PRT <213> Honb sapi ens
<400> 3 Ju val Gn Leu Val u Ser Ay Ay Gy Leu val Gn Pro Gy

S U 1519 3efibnoth bl RHRRL S, MR liBhRer S e TS 2"

germline VH 3-48 sequence is shown in Figure 7. Further analysis of the 784 VH sequence

using the Kabat system of CDR region determination led o the délineation of the heavy chain

CDR1, CDR2 and CD3 regions as shown in Figures 4A and 7, and in SEQ ID NOs:16, 22 and
5 28, respectively.

Comparison of the 7E4 light chain immunoglobulin sequence to the known human
germline immunoglobulin light chain sequences demonstrated that the 7E4 light chain utilizes a
VL segment from human germiine VK L15 and a JK segment from human germline JK 4. The
alignment of the 7E4 VL sequence to the germline VK L15 sequence is shown in Figure 8,

10 Further analysis of the 754 VL sequence using the Kabat system of CDR region determination
led to the delineation of the light chain CDR1, CDR2 and CD3 regions as shown in Figures 4B
and 8, and in SEQ ID NOs:34, 40 and 46, respectively.

The nucleotide and amino acid sequences of the heavy chain variable region of 13B8 are
shown in Figure 5A and in SEQ ID NO:53 and 5, respectively.

15 The nucleotide and amino acid sequences of the light chain variable region of 13B8 are
shown in Figure 5B and in SEQ ID NO:59 and 11, respectively.

Comparison of the 13B8 heavy chain immunoglobulin sequence to the known hurnan
germline immunoglobulin heavy chain sequences demonstrated that the 13B8 heavy chain
utilizes a VH segment from human germline VH 3-48, a D segment from the human germline 1-

20 1, and a JH segment from human germline JH 6b. The alignment of the 13B8 VH sequence to
the germline VH 3-48 sequence is shown in Figure 7. Further analysis of the 13B8 VH sequence
using the Kabat system of CDR region determination led to the delineation of the heavy chain
CDRI1, CDR2 and CD3 regions as shown in Figures 5A and 7, and in SEQ ID NOs:11, 17 and
23, respectively.

25 Comparison of the 13B8 light chain immunoglobulin sequence to the known human
germline immunoglobulin light chain sequences demonstrated that the 13B8 light chain utilizes a
VL segment from human germline VK L15 and a JK segment from human germline JK 4. The
alignment of the 13B8 VL sequence to the germline VK .15 sequence is shown in Figure 8.
Further analysis of the 13B8 VL sequence using the Kabat system of CDR region.determination

30 led to the delineation of the light chain CDR1, CDR2 and CD3 regions as shown in Figures 5B
and 8, and in SEQ ID NOs:35, 41 and 47, respectively.
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202530 Lys met ASH Trp Val Arg Gn Ala Pro Ay Lys Ay Leu Qu Trp
val 354045 Ser Tyr Ile ser Arg Ser Ay Arg Asp Ile Tyr Tyr Ala Asp
ser val 505560 Lys Gy Arg Pile Thr Ile Ser Arg Asp Asn Ala Lys Asn
Ser Leu Tyr 65707580 Leu G n net Asn Ser Leu Arg Asp Qu Asp Thr Al a
Val Tyr Tyr Cys 859095 3/19 H's Ay Thr Thr val Thr val ser ser
115120 <210> 4 <211> 122 <212> PRT <213> Hono sapiens <400> 4 Gu
Val Gn Leu Val Qu Ser '"fly Ay Ay Leu Val Gn Pro Ay du 151015
Ser Leu Arg Leu Ser Cys Val Val Ser Ay Phe Thr Phe Ser Arg Tyr
202530 Lys nmet Asn Trp Val Arg Gn Ala Pro Ay Lys Ay Leu Qu Trp
e The nucleotide and amino acid sequences of the heavy chain variable region of 18D35 are

shown in Figure 6A and in SEQ ID NO:54 and 6, respectively.

The nucleotide and amino acid sequences of the light chain variable region of 18D5 are

shown in Figure 6B and in SEQ ID NO:60 and 12, respectively.

5 Comparison of the 18D5 heavy chain immunoglobulin sequence to the known human
germline immunoglobulin heavy chain sequences demonstrated that the 18D5 heavy chain
utilizes a VH segment from human germline VH 3-48, a D segment from human germline 1-1,
and a JH segment from human germline JH 6b. The alignment of the 18D5 VH sequence to the
germline VH 3-48 sequence is shown in Figure 7. Further analysis of the 18D5 VH sequence

10 using the Kabat system of CDR region determination led to the delineation of the heavy chain
CDR1, CDR2 and CD3 regions as shown in Figures 6A and 7, and in SEQ ID NOs:18, 24 and
30, respectively.

Comparison of the 18D3 light chain immunoglobulin sequence to the known human

germline immunoglobulin light chain sequences demonstrated that the 18D5 light chain utilizes a

15 VL segment from human germling VK L15 and a JK segment from human germline JK 4. The
alignment of the 18D5 VL sequence to the germline VK L15 sequence is shown in Figure 8.
Further analysis of the 18D5 VL sequence using the Kabat system of CDR region determination
led to the delineation of the light chain CDR1, CDR2 and CD3 regions as shown in Figures 6B

and 8, and in SEQ ID NOs:36, 42 and 438, respectively.

20 Example3. Preparation of cells doped with Facosyl-GM1

Cells were prepared that contained fucosyl-GM1 embedded in the plasma membrane for
use in binding assays. Purified fucosyl-GM1 was solubilized in a 1:1 mixture of
chloroform:methanol in a glass tube and evaporated to dryness under nitrogen. PBS without Ca
or Mg was added to the dry fucosyl-GM1 such that the concentration of antigen was 200 pg/ml;

25  anemulsion was created by vortexing for 5 minutes followed by sonication for 5 minutes. A
suspension of target cells, typically HEK 293 (human kidney, ATCC #CRL-1573) or Daudi
(human Burkitt’s lymphoma, ATCC # CCL-213) was prepared in PBS at 2 x 10° cells/ml. Equal
volumes of fucosyl-GM1 emulsion and cell suspension were mixed to a final concentration of

100 pg antigen/10° cells/ml. Cells plus antigen were incubated to allow fucosyl-GM!1
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354045 ser Tyr Ile ser Arg Ser Gy Arg Asp Ile Tyr Tyr Ala Asp Ser
Val 505560 Lys Ay Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser
Leu Tyr 65707580 Leu G n Met Ser.ser Leu Arg Asp G u Asp Thr Al a Val
Tyr Tyr cys 859095 Ala Gy Thr Val Thr Thr Tyr Tyr Tyr Tyr Phe Gy
Met Asp Val Trp 100105110 Ay Leu @y Thr Thr Val Thr Val ser Ser
115120 <210> 5 <211> 122 <212> PRT <213> Honp sapi ens <400> 5 d u Val
Gn Leu Val Qu Ser dy Ay Ay Ser val Gn Pro Ay Qu 151015 ser
Leu Arg Leu Ser Cys Val Ala Ser Ay Phe Thr Phe Ser Arg Tyr 202530
Lys Met Asn Trp Val Arg Gn Ala Pro Ay Lys Ay Leu Gu Trp val

intercalation into the membrane for 15 minutes at 37°C, followed by 30 minutes at room
temperature with occasional mixing throughout. Cells were centrifuged at 1000 rpm for 10
minutes. The supemate was discarded and the “doped™cells were resuspended at a density of 4 x
10 celis/ml in FACS buffer (PBS without Ca or Mg + 1% human serum +2% FBS + 2mM

5 [EDTA). Similarly, control cells were prepared “doped” with a related antigen such as GM] or

with no antigen.

Example4. Characterization of binding specificity and binding kinetics of

anti-Fucosyl-GM1 human monoclonal antibodies ‘

Binding specificity by ELISA

10 Purified, monoclonal, human anti-Fucosyl-GM1 antibodies were tested for specific
binding to purified fucosyl-GM1 by ELISA, by both recombinant antigen and doped cells. All
procedures were performed on ice. Conditioned medium from ELISA positive hybridoma
cultures were mixed with antigen or cells in “V* bottom plates and were incubated 1 hour. Cells
were washed and bound antibody was detected with an HRP conjugated mouse anti-human IgG

15 Fe secondary antibody. After washing, the plates were developed with a colorimetric substrate,
pelleted by centrifugation and supernate was transferred to a flat-bottom microtiter assay plate
for analysis by spectrophotometer. The results are shown in Figures 9 (antigen ELISA) and 10
(whole cell ELISA). The anti-fucosyl-GM1 antibodies were shown to bind specifically to
fucosyl-GMI1.,

20 Binding specificity by flow cytometry
Naturally expressing fucosy-GM1 positive cells lines such as H-4-1I-E (Rat hepatoma

ATCC# CRL-1548) or DMS-79 (Human SCLC ATCC # CRL-2049) were used to determine the
specificity of Fucosyl-GM1 human monoclonal antibodies by flow cytometry. All staining
procedures were performed on ice. Binding of an anti-Fucosyl-GM1 human Iﬁonoclonal

25  antibody was assessed by incubating the transfected cells with the anti-Fucosyl-GM1 human
monoclonal antibody at a concentration of 10 pug/ml. The cells were washed and binding was
detected with a FITC-labeled anti-human IgG Ab. Flow cytometric analyses were performed
using a FACScan flow cytomeiry (Becton Dickinson, San Jose, CA). The results are depicted in
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354045 ser Tyr Ile Ser Arg Ser Gy Arg Asp Ile Tyr Tyr Ala AS Ser Val
505560 4/11 65707580 Leu G n Met Asn Ser Leu Arg Asp GQu Asp Thr Al a
Val Tyr Tyr Cys 859095 Ala Ay Thr Val Thr Thr Tyr Tyr Tyr Asp Phe
Gy Met Asp Val Trp 100105110 Ay Gn @y Thr Thr Val Thr Val Ser Ser
115120 <210> 6 <211> 122 <212> PRT <213> Honp sapi ens <400> 6 d u Val
Gn Leu Val u Ser Ay Gy Gy Leu Val An Pro Ay du 151015 ser
Leu Arg Leu Ser Cys Val Ala ser Ay Phe Thr Leu Ser Arg Tyr 202530

10

15

20

Figure 11, The anti-Fucosyl-GM1 human monoclonal antibody bound to the H-4-II-E and DMS-
79 cell lines. This data demonstrates the specificity of anti-Fucosyl-GM1 human monoclonal
antibodies for Fucosyl-GM1.

Example5. Internalization of anti-Fucosyl-GM1 monoclonal antibody

Anti-Fucosyl-GM1 HuMAbs were tested for the ability to internalize into Fucosyl-GM1-
expressing cell lines using a Hum-Zap internalization assay. The Hum-Zap assay tests for
internalization of a primary human antibody through binding of a secondary antibody with
atfinity for human IgG conjugated to the toxin saporin,

Cell lines expressing fucosyl-GM1 (H-4-1I-E or DMS 79) were suspended in culture
medivm and dispensed into microtiter cell culture plates at 7500 cells/well. Serial dilutions of
test antibodies and isotype controls are prepared in culture medium and mixed with a 2:1 molar
excess of saporin conjugated secondary antibody (Hum-Zap™, Advanced Targeting Systems,
San Diego, CA, 1T-22-25) for 1 hour on ice. Antibody plus saporin conjugate mixuﬁes were
then mixed with cells and incubated at 37°C, 48-72 hours. Cell viability was measured with the
addition of MTS (Promega) O.D. is read afier a further 4 hour incubation, with absorbance
inversely proportional to internalization. The results are shown in Figures 12. This data
demonstrates that the human anti-fucosyl GM1 antibodies can internalize into cell lines

expressing fucosyl-GM1.

Example 6. Complement dependent cytotoxicity effect of anti-Fucosyl GM1 antibodies

Target cells, either “doped” or naturally expressing cell lines were suspended to 10%/m1.
in CDC buffer (RPMI1640). Human complement (HC) was diluted 1:3 in cell line growth
medium. Serial dilutions of test antibodies and isotype controls were prepared. Cells,
complement and antibodies were mixed in equal volumes in a microtiter assay plate and
incubated at 37°C for 2 hours. Alamar blue was added to each well and the plates were
incubated for an additional 21 hs at 37°C. The plates were read on a fluorescent plate reader
using a 530 nm absorption/590 nm emission profile, with cell viability being proportional to

fluorescence units. The results are shown in Figure 13. Human and mouse control antibodies
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-Lys.nmet-Asn-Trp-Val. Arg-On.Ala Pro-Ay - tys-@yteu-AQu. Trp-lte-
-- 354045 ser Tyr Ile Ser Arg ser Gy Arg Asp Ile Tyr Tyr Ala Asp
ser val 505560 Lys Gy Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn
ser Leu Tyr 65707580 Leu A n nmet Asn Ser Leu Arg Asp GQu Asp Ser Al a
Val Tyr Tyr cys 859095 Ala Gy Thr Val Thr Thr Tyr Tyr Tyr Tyr Phe
Ay met Asp Val Trp 100105110 Ay Gn @y Thr Thr Val Thr Val Ser Ser
115120 <210> 7 <211> 107 <212> PRT <213> Honp sapiens <400> 7 Asp Ile
G@n met Thr Gn Ser Pro ser ser Leu Ser Ala Ser Val dy 151015 Asp
Arg Val Thr Ile Thr Cys Arg Ala Ser Gn Gy Ile Ser Ser Trp 202530

Leu Al aeifibit fovhst@die Gftnkat® Cﬂ@acgvﬂy b Both'sME 8 ahy B-£0E Ic?&fé &s!o%lpe

control antibodies show no significant cytotoxicity. CDC activity on fucosyl-GM1 negative cell
lines, such as Ramos and ARH77 is negligible

Example 7. Assessment of ADCC activity of anti-Fucosyl GM1 antibodies

5 In this example, anti-fucosyl GM1 monoclonal antibodies were tested for the ability to
kill fucosyl GM1 expressing cell lines in the presence of effector cells via antibody dependent
cellular cytotoxicity (ADCC) in a fluorescence cytotoxicity assay.

ADCC activity is measured using the Delfia System (Perkin-Elmer). Briefly, effector

cells are cultured from human peripheral blood mononuclear cells (PBMC) by overnight

10 stimulation with 200 w/ml IL-2 and are resuspended to 2 x 107/ml, Target cells are diluted to
10%ml and are loaded with a fluorescence enhancing ligand (BATDA) by incubating 20 minutes
and are diluted to 2 x 107 cells/ml. Effectorand target cells are combined at a 100:1 ratio in a
microtiter assay plate and mixed with a serial dilution of test antibody and isotype control,
Plates are incubated 1 hour at 37°C, centrifuged to pellet cells and 20 ul of supernate is removed

15  and mixed with Eu solution (Perkin-Elmer). Fluorescence resulting from released ligand
combined with Eu is measured on a Fusion plate reader (Perkin-Elmer) and is proportional to
cell lysis, Assay wells with effector cells in the absence of antibody and with detergent control
for background lysis and complets lysis respectively allowing antibody specific lysis to be
calculated. The results are shown in Figure 14. This data demonstrates that the anti-fucosyl

20  GMI antibodies are cytotoxic to cells expressing fucosyl-GM1 on the cell surface.

Example 8. Immunohijstochemistry of lung earcinoma

The ability of the anti-fucosyl-GM1 HuMAb 7E4 to recognize fucosyl-GM1 by IHC was
examined using clinical biopsies of small cell lung carcinoma (SCLC) and non-small cell lung
carcinoma (NSCLC).

25 For immunohistochemistry, Smm frozen sections (Ardais Inc, USA) prepared from
clinical biopsies of small cell Iung carcinoma (SCLC) and non-small cell lung carcinoma

(NSCLC). Afier drying for 30 minutes, sections were fixed with methanol {at room temperature
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354045 Tyr Ala Ala Ser Ser Leu Gn Ser Ay Val Pro ser Arg Phe ser
Gy 505560 Ser Gy Ser Ay Thr Asp Phe Thr Leu Thr Ile ser Cys Leu
Gn Pro 65707580 A u Asp Phe Ala Thr Tyr Tyr Cys A n G n Tyr Asn ser
Tyr Pro Pro 859095 Thr Phe Gy Gy @y Thr Lys Val Qu Ile Lys 100105
<210> 8 <211> 107 <212> PRT <213> Hono sapiens <400> 8 Asp Ile G n
Met Thr G n Ser Pro Ser Ser Leu ser Ala Ser Val Gy 151015 Asp Arg
Val Thr Ile Thr Cys Arg Ala ser Gn Ay Ile ser ser Trp 202530 Leu
Ala Trp Tyr Gn Gn Lys Pro Qu Lys Ala Pro Lys ser Leu Ile 354045
Tyr Ala Ala Ser Ser Leu A n Ser Ay Val Pro ser Arg Phe Ser Gy

for 10 minutes) and air-dried for 5 minutes, Slides were rinsed in PBS and then pre-incubated
with 10% normal goat serum in PBS. for 20 min and subsequently incubated with 10 mg/ml
biotinylated 7E4 in PBS with 10% normal goat serum for 30 min at room temperature. Slides
were washed three times with PBS and then incubated for 30 min with streptavidin-FITC (

5 DAKO) at room temperature. Slides were washed again with PBS and incubated with Goat anfi-
FITC HRP conjugate (DAKO) for 30 minutes at room temperature, Slides were washed again 3x
with PBS. Diaminobenzidine (Sigma) was used as an HRP substrate, resulting in brown statning
of tissues positive for 7E4 binding, After washing with distilled water, slides were counter-
stained with hematoxyllin for 1 min to show tissue structure. Subsequently, slides were washed

10 for 10 seconds in running distilled water and mounted in glycergel (DAKO). Clinical biopsy
immunohistochemical staining displayed positive staining in both the SCLC and NSCLC
sections. Only malignant cells were positive in each case, adjacent normal lung tissue was not
stained. Overall prevalence in lung carcinoma was 5/13 samples tested (2/6 SCLC and 3/7
NSCLC). IHC was negative for 7E4 binding to normal lung tissue.

15 Example9. Production of nonfucosylated HuMAbs

Antibodies with reduced amounts of fucosyl residues have been demonstrated to increase
the ADCC ability of the antibody. In this example, an anti-Fucosyl GM1 HuMAb is produced
that is lacking in fucosyl residues. ’

The CHO cell line Ms704-PF, which lacks the fucosyltransferase gene, FUT 8 (Biowa,

20  Inc., Princeton, NJ) is electroporated with a vector which expresses the heavy and light chains of
an anti-Fucosyl GM1 HuMAb. Drug-resistant clones are selected by growth in Ex-Cell 325-PF
CHO media (JRH Biosciences, Lenexa, KS) with 6 mM L-glutamine and 500 pg/ml G418
(Invitrogen, Carlsbad, CA). Clones are screened for IgG expression by standard ELISA assay.

Example 10. In vivo Efficacy of anti-Fucosyl-GM1 human monoclonal antibodies

25 DMS79 small cell lung cancer cells (Fucosyl-GM1™) were subcutaneously implanted in
in male SCID mice (5 x 10° cells/mouse) for a time sufficient (about § days) to permit the

formation of tumors. On day 8 post-implantation, tumor measurements were taken and mice
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505560 ser Ay ser Ay Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu G n
Pro 65707580 G u Asp Phe Ala Thr Tyr Tyr Cys G n Gn Tyr Asn Ser Tyr
Pro Pro 859095 , Thr Phe Ay Ay @y Thr Lys Val Qu Ile Lys 100105
<210> 9 <211> 107 <212> PRT <213> Hono sapi ens <400> 9 Asp Ile Gn
Met Thr Gn Ser Pro Ser Ser Leu Ser Ala Ser Val Gy 151015 202530
Leu Ala Trp Tyr Gn Gn Lys Pro "flu Lys Ala Pro Lys Ser Leu Ile
354045 Tyr Ala Ala Ser Ser Leu Gn Ser Ay Val Pro Ser Arg Phe Ser
Gy 505560 Ser Ay Ser Ay Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu
G n Pro 65707580 G u Asp Phe Ala Thr Tyr Tyr Cys Gn G n Tyr Asn Ser

Tyr ProwbrQaffoalae based on mean tumor volume (about 200 mm?®) into six groups of eight mice
each for subsequent antibody therapy. On days 8 11, 15, 18, and 22 post-implantation, mice
were injected intraperitoneally (i.p.) as the following groups: (A) PBS (vehicle control); (B)
human IgG1 (isotype control) at 30 mg/kg per mouse; (C) anti-Fucosyl-GM1 monoclonal
5 antibody 5B1 at 10 mg/kg per mouse; (D) anti-Fucosyl-GM1 monoclonal antibody 5B1 at
30 mg/kg per mouse; (E) anti-Fucosyl-GMI monoclonal antibody 7E4 at 10 mg/kg per mouse;
or (F) antj-Fucosyl-GM1 monoclonal antibody 7E4 at 30 mg/kg per mouse. The monoclonal
antibody compositions used in these experiments had low levels of endotoxin and did not
significantly aggregate. Using an electronic precision caliper, tumors were measured three
10 dimensionally (height x width x length) and tumor volume was calculated. Tumor measurements
were taken twice a week for the duration of the experiment (61 days). Mice were euthanized
when the tumors reached a designated tumor end-point (a particular tumor volume such as 1500
mm’ and/or when the mice showed sign of discomfort or greater than about 15% weight loss).
To examine whether the anti-Fucosyl-GM1 monoclonal antibodies delayed tumor
15  growth, the day tumor reached a volume of 1000 mm? was monitored, Both of the 7E4 and 581
anti-Fucosyl-GM1 monoclonal antibodies significantly delayed tumor growth compared to
vehicle and isotype controls (see Table 1). The antibody efficacy appears to be dose-dependant
with the 30 mg/kg treatment groups showing a greater response in each case. Moreover, tumor
volumes in mice treated with the 7E4 antibody at 30 mg/kg never reached 1000 mm? and had a

20 mean tumor volume of 600 mm® at the termination of the study on day 61.

Table 1.
Treatment Day Tlll{;lb((')l‘n‘lf::;lme at
PBS (vehicle conirol) 34
h-IgG1 (isotype control) 32
Anti-5B1 (10 mg/kg) 56
Anti-5B1 (30 mg/kg) 60
Anti-7B4 (10 mg/kg) 57
Anti-7E4 (30 mg/kg) > 61

79



Thr Phe Ay Ay Gy Thr Lys Val GQu Ile Lys 100105 <210> 10 <211>
107 <212> PRT <213> Hono sapi ens <400> 10 -------- -Asp -11a-dn
-Met- Thr- G n Ser- Pro-ser Ser-Leu- Ser-Ala Serval @y-- - 151015
Asp Arg Val Thr Ile Thr cys Arg Ala ser Gn Ay Ile ser ser Trp 20
'2530 Leu Ala Trp Tyr Gn Gn Lys Pro Qu Lys Ala Pro Lys Ser Leu lle
354045 Tyr Ala Ala Ser Ser Leu Gn Ser Ay Val Pro ser Arg Phe Ser
Ay 505560 ser Gy Ser Ay Thr Asp Phe Thr Leu Thr Ile Ser Cys Leu
Gn Pro 65707580 G u Asp Phe Ala Thr Tyr Tyr Cys G n Gn Tyr Asn Ser
Tyr Pro Pro 859095 Thr Phe Ay Ay Ay Thr Lys val Qu Ile Lys 100105

<210> 11 <2113 eddifins dheheFbosA N1 EEMASGARILE RRpressed by the DMS79 cells i
vivo, binding of monoclonal antibodies 7E4 and 5B1 to DMS79 cells was analyzed by FACS
prior to implantation and after recovery of DMS79 cells from untreated tumors. The antibodies
bound pre- and post-implantation of DMS79 cells demonstrated that Fucosyl-GM1 expression

5 levels were maintained in vivo (Figure 11C).

Figure 15A shows that all control mice (Groups A and B) except one reached the tumor
end-point well before day 61. Figure 15B shows that the group treated with 10 mg/kg of anti—
Fucosyl-GM1 5B1 antibody (Group C) had two mice that reached the tumor end—point and six
mice with tumors having a volume ranging from about 6§00 mm? to 1000 mm?, while none of the

16 eight mice in the group treated with 30 mg/kg of anti-Fucosyl-GM1 5B1 antibody (Group D)
reached the tumor end-point by day 61 (having a volume of 1000 mm® or less). Figure 15C
shows that none of the eight mice in the group treated with 10 mg/kg anti-Fucosyl-GM1
monoclonal antibody 7E4 (Group E) reached the tumor end-point by day 61 (having a volume of
about 1200 mm® or less, and one mouse being tumor free). Figure 15C also shows that none of

15  the eight mice in the group treated with 30 mg/kg anti-Fucosyl-GM! monoclonal antibody 7E4
(Group F) reached the tumor end-point by day 61 (having a volume of about 800 mm? or less,
and two mice being tumor free). Figure 16 shows the (A) mean and (B) median tumor volumes
measured at day 61. The antibody efficacy appears to be dose-dependant with the 30 mg/kg

treatment groups showing a greater response in each case as compared to the controls.

20 Table 2,
Group Tumor Growth Inhibition (TGI) Tumor Free, Day 40
] (Day 32) % (#/total)
Mean Vol.* % | MedianVol.* %
PBS 897 - 882 - -
h-IgG1 1189 - 1066 - -
Anti-5B1 (10mg/kg) 227 81 201 81 -
Anti-5B1 (30mg/kg) 174 85 172 84 -
Anti-7E4 (10mg/kg) 177 85 175 84 12.5 % (1/8)
Anti-7E4 (30mg/kg) 116 90 141 87 25 % (2/8)
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<400> 1
Gy 151
Ser ser
Lys Ser
Ser Arg
Ile Ser
Gn Tyr
AQulle
Asp lle
151015

10

15

1 Asp Ile Gn nmet Thr Gn Ser Pro Ser Ser Leu Ser Ala Ser val
015 7/16) Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gn Ay lle
Trp 202530 Leu Ala Trp Tyr Gn Gn Lys Pro Qu Lys Ala Pro-
Leu Il e 354045 Tyr Ala Ala Ser Ser Leu Gn Ser Ay Vval Pro
Phe Ser Gy 505560. ser Ay Ser Ay Thr Asp Phe Thr Leu Thr
Ser Leu G n Pro 65707580 A u Asp Phe Ala Thr Tyr Tyr Cys Gn
Asn Ser Tyr Pro Pro 859095 Thr Phe Ay Ay Ay Thr Lys Val
Lys 100105 <210> 12 <211> 107 <212> PRT <213> Honp sapi ens 12
G@n Met Thr Gn Ser Pro Ser Ser Leu Ser Ala ser val Gy

This study indicates that, in a murine tumor model, treatment with anti-Fucosyl-GM1
antibody functions in a dose dependent manner and has a significantly greater effect on tumor
growth than the vehicle and isotype controls. The anti-Fucosyl-GM1 antibody treatment also did
not cause the mice to lose weight or result in any other significant side-effects, indicating that
these antibodies are safe and well tolerated (Figure 17). Indeed, the anti-F ucosyl-GM1
antibodies showed a percent tumor growth inhibition (TGI %) ranging from 81 to 90 % on day

32 (Table 2). In addition, treatment with antibody 7E4 at a 30 mg/kg dose resulted in 25% of the
mice being tumor free.

The present disclosure is not to be limited in scope by the specific embodiments
described herein. Indeed, various modifications of this disclosure, in addition to those described
herein, will become apparent to those skilled in the art from the foregoing description and the
accompanying figures. Such modifications are intended to fall within the scope of the appended
claims. This disclosure is, therefore, to be limited only by the terms of the appended claims

along with the full scope of equivalents to which the claims are entitled.
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Asp Arg val Thr Ile Thr Cys Arg Ala ser Gn Gy Ile ser ser Trp
202530 Leu Ala Trp Tyr Gn Gn Lys Pro Qu Lys Ala Pro Lys ser Leu
I1e 354045 Tyr Ala Ala Ser Ser Leu Gn Ser Ay Val Pro ser Arg Phe
Ser Ay 505560 ser Ay ser @y Thr Asp Phe Thr Leu Thr Ile Ser ser
Leu G n Pro 65707580 G u Asp Phe Ala Thr Tyr Tyr Cys G n G n Tyr Asn
Ser Tyr Pro Pro 859095 Thr Phe Gy Gy Ay Thr Lys Val Gu Ile Lys
100105 <210> 13 <211> 5 <212> PRT <213> Hono sapi ens <400> 13 Arg Tyr
Lys Met Asn 1 <210> 14

SEQUENCE LISTING

SEQ ID NO: SEQUENCE SEQ ID NO: SEQUENCE

1 VH a.a. 5B1 32 VK CDRI a.a. 5Bla
2 VH aa. 5Bla 33 VK CDRI a.a. 7D4
3 VH a.a, 7D4 34 VK CDRI1 a.a, 7E4
4 VH a.a. 7E4 35 VK CDR1 a.a. 13B8
5 VHa.a. 1388 36 VK CDRI a.a. 18D5
6 VH a.a. 18D5 37 VK CDR2 a.a. 5B1
7 VK a.a. 5B1 38 VK CDR2 a.a. 5Bla
8 VK a.a. 5Bla 39 VK CDR2 a.a. 7D4
g VK a.a. 7D4 40 VK CDR2 a.a. 7E4
10 VK a.a. 7E4 41 VK CDR2 a.a. 13B8
11 VK a.a. 13B8 42 VK CDR2 a.a. 18D5
12 VK a.a. 18D5 43 VK CDR3 a.a. 5Bl
13 VH CDRI1 a.a. 5B1 44 VK CDR3 a.a. 5Bla
14 VHCDRI a.a. 5Bla 45 VK CDRS3 a.a. 7D4
15 VH CDRI1 a.a. 7D4 46 VK CDR3 a.a. 7E4
16 VH CDRI1 a.a. 7TE4 47 VK CDR3 a.a. 13B8
17 VH CDR1 a.a, 13B8 48 VK CDR3 a.a. 18D5
18 VH CDRI1 a.a. 18D5 49 VHn.t. 5B1

19 VH CDR2 a.a. 5B1 50 VHun.t 5Bla

20 VHCDR2 a.a. 5Bla 51 VHnt 7D4

21 VHCDR2 a.a. 7TD4 52 VH n.t. 7E4

22 VH CDR2 a.a. 7TE4 53 VHut. 13B8

23 VH CDR2 a.a. 13B8 54 VHnu.t 18D5

24 VH CDR2 a.a. 18D5 55 VK.t 5B1

25 VH CDR3 a.a. 5B1 56 VK n.t. 5Bla

26 VH CDR3 a.a. 5Bla 57 VKnt 7D4

27 VH CDR3 a.a. 7D4 58 VK n.t. 7E4

28 VH CDR3 a.a. 7E4 59 VKnt, 13B8

29 VH CDR3 a.a. 13B8 60 VK n.t. 18D5

30 VH CDR3 a.a. 18D5 61 VH 3-48 germline a.a.

31 VK CDRI a.a. 5B1 62 VK L15 germline a.a.
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<211> 5 <212> PRT <213> Honp sapi ens <400> 14 Arg Tyr Lys Met. Asn_
15 <210> 15 <211> 5 <212> PRT <213> Honp sapi ens <400> 15 Arg Tyr Lys
Met Asn 15 <210> 16 <211> 5 <212> PRT <213> Hono sapi ens -K400>7. - 16-

Arg Tyr

5

10

15

20

25

30

Lys Met Asn 15 <210> 17

Claims

1. An isolated human monoclonal antibody, or an antigen-binding portion
thereof, comprising a heavy chain variable region that comprises CDR1, CDR2, and CDR3
domains; and a light chain variable region that comprises CDR1, CDR2, and CDR3 domaius,
wherein:

(a)  the heavy chain variable region CDR1 comprises SEQ ID NO:16;

(b) the heavy chain variable region CDR2 comprises SEQ ID NO:22;

(c) the heavy chain variable region CDR3 comprises SEQ ID NO:28;

(d)  the light chain variable region CDR1 comprises SEQ ID NO:34;

(e)  the light chain variable region CDR2 comprises SEQ ID NO:40; and

® the light chain variable region CDR3 comprises SEQ ID NO:46,
wherein the antibody specifically binds to Fucosyl-GM1.

2. The antibody of claim 1, wherein the antibody binds to the human small cell
hung cancer cell line DMS-79 (Human SCLC ATCC # CRL-2049).

3. The antibody or antigen-binding portion thereof of claim 1 or 2, comprising a
heavy chain variable region that is at least 95% identical to the amino acid sequence of SEQ
ID NO:61; and/or a light chain variable region that is at least 95% identical to the amino acid
sequence of SEQ ID NO:62.

4. The antibody or antigen binding portion thereof of any one of claims 1 to 3,

~ wherein:

(a)  the heavy chain variable region comprises the amino acid sequence of SEQ ID
NO:4; and
(b)  thelight chain variable region comprises the amino acid sequence of SEQ ID

NO:10.

5. An isolated human monocclonal antibody, or an antigen-binding portion

thereof, wherein the antibody cross-competes for binding to Fucosyl-GM1 with a reference
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<211> 5 <212> PRT <213> Honp sapi ens <400> 17 Arg Tyr

Lys Met Asn 5

<210> 18 <211> 5 <212> PRT <213> Honp sapi ens <400> 18 Arg Tyr Lys
Met Asn 15 <210> 19 <211> 17 |1<212> PRT <213> Honp sapi ens <400> 19

sly
Ser

<210> 20 <211> 16 <212> PRT <213> Honb sapi ens <400> 20 Tyr
Arg Ser sly Arg Asp Ile Tyr Tyr Ala Asp Ser Val Lys 151015

antibody, wherein the reference antibody is an isolated human monoclonal antibody as

defined in any one of claims 1 to 4.

Ile

6. The antibody of any one of claims 1 to 5, which is a full-length antibody of an

5 IgGl or IgG4 isotype.

7. The antibody or antigen-binding portion thereof of any one of claims 1 to 5,

which is a Fab or Fab’2 fragment or a single chain antibody.

10 8. The antibody or antigen-binding portion thereof of any one of claims 1 to 5,

wherein said antibody is a hypofucosylated antibody.

9. A composition comprising the antibody or antigen-binding portion thereof of

any one of claims 1 to 8 and a pharmaceutically acceptable carrier.

15
10.  Animmunoconjugate comprising the antibody or antigen-binding portion
thereof of any one of claims 1 to 8, linked to a therapeutic agent, such as a cytotoxin or a
radioactive isotope.
20 11. A composition comprising the immunoconjugate of claim 10 and a
pharmaceutically acceptable carrier.
12.  Anisolated nucleic acid molecule encoding the antibody or antigen-binding
portion thereof of any one of claims 1 to 8.
25
13.  An expression vector comprising the nucleic acid molecule of claim 12.
14. A host cell comprising the expression vector of claim 13.
30 15. A method for preparing an anti-Fucosyl-GM1 antibody which comprises

expressing the antibody in the host cell of claim 14 and isolating the antibody from the host

cell,
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<210> 21 <211> 16 <212> PRT <213> Hono sapi ens <400> 21 Tyr Ile ser
Arg ser sly Arg Asp Ile Tyr Tyr Ala Asp Ser Val Lys 151015 <210> 22
<211> 17 <212> PRT - <400> 22 Tyr Ile Ser Arg Ser sly Arg Asp Ile
Tyr Tyr Ala Asp Ser Val Lys 151015 Ay <210> 23 <211> 16 <212> PRT
<213> Hono sapi ens <400> 23 Tyr Ile Ser Arg Ser sly Arg Asp Ile Tyr
Tyr Ala Asp Ser Val Lys 151015 <210> 24 <211> 17 <212> PRT <213> Hono
sapi ens <400> 24 Tyr lle Ser Arg Ser sly Arg Asp Ile Tyr Tyr Ala Asp
Ser Val Lys 151015

16.  An antibody, or an antigen-binding portion thereof, of any one of claims 1 to 8
for use in the treatment of a disease characterized by growth of tumor cells expressing

Fucosyl-GM1.

17.  The antibody or antigen-binding portion thereof for use of claim 16, wherein

the disease is cancer.

18.  The antibody or antigen-binding portion thereof for use of claim 17, wherein

10  the cancer is lung cancer.

19.  The antibody or antigen-binding portion thereof for use of claim 18, wherein

the lung cancer is small cell lung cancer.

15
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tofi 9 <210> 25 <211> 13 <212> PRT <213> Hono sapi ens <400> 25 Thr Val
Thr Thr Tyr Tyr Tyr Tyr Phe Qy Met Asp Val 1510 <210> 26 <211> 13
<212> PRT <213> Hono sapi ens <400> 26 Thr Val Thr Thr Tyr Tyr Tyr Tyr
Phe Gy Met Asp Val 1510 <210> 27 <211¢0y.2 <212> PRT <213> Hono -
sapi ens <400> 27 Thr Val Thr Thr Tyr Tyr Tyr Phe Ay net Asp val -1
<210> 28 <211> 13 <212> PRB=QRANE HATONGapi ens <400> 28 Thr Val Thr
Thr Tyr Ié/r TX&arT r Phe @y Met Asp Val 1510 <210> 29 <211> 13 <212>
PRT <21<31 §thq400> 29 Thr Val Thr Thr Tyr Tyr Tyr Asp Phe

Ay Met Asp }d’a1mes Er‘1c H.
Brams, Peter
witte, Alison
Cardare111 Josephine M.
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<160> 69
. <170> Patentin version 3.5
( <210> 1
<21l> 122
'<212> PRT
<213> Homo sapiens
<400> l
Glu va1 G1n teu val Glu Ser Gily Gly Gly Leu Va1 GIn Pro GTy G1u
1 5 10 15
Ser Leu Arg Leu Ser Cys val Ala Ser Gly phe Thr Phe Ser Arg Tyr
20 25 30
Lys Met Ash Trp val Arg GIn Ala Pro Gly Lys Gly Leu GTu Trp Ile
35 40 45
Ser Tyr Ile Ser Arg Ser Gly Arg Asp Ile Tyr Tyr Ala Asp Ser val
50 55 60
(

- Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
65 70 75 80

Leu Gin Met Ser ggr Leu Arg-Asp Glu Sgp Thr Ala val Tyr Tyr Cys
a5

Ala Gly Thr val Thr Thr Tyr Tyr Tyr Tyr Phe Gly Met Asp val Trp
100 105 110

Gly Leu Gly Thr Thr val Thr val ser Sser
115 120

<210> 2

<211> 122

<212> PRT

<213> Homo sapiens



1510 <210> 30 <211> 13 <212> PRT <213> Hono sapi ens <400> 30 Thr Val
Thr Thr Tyr' Tyr Tyr Tyr Phe Gy Met Asp Val 1510 <212> PRT <213>
Hono sapi ens <400> 31 Arg Ala Ser Gn Gy Ile Ser Ser Trp Leu Al a
1510 <210> 32 <211> 11 <212> PRT <21%31%bn0 sapi ens <400> 32 Arg Ala
Ser Gn Ay 'lle Ser Ser Trp Leu Al a 1d <210> 33 <211> 11 <212> PRT
<213> K& sapi ens <400> 33 Arg Ala Ser Gn Gy Ile Ser Ser Trp Leu

A2 154, Tt e o B e 48 B AR AL 400 4

ser Leu Arg ggu Ser Cys val Ala ggr Gly pPhe Thr Phe ggr Arg Tyr

Lys Met %gn Trp val Arg Gln 2ga Pro Gly Lys Gly Leu Glu Trp val
; 45

Ser Egr ITe Ser Arg Ser ggy Arg Asp Ile Tyr E%r Ala Asp ser val

Lys Gly Arg phe Thr Ile Ser Arg Asp Asn Ala Lys Ash Ser Leu Tyr
65 70 75 80

Leu GIn Met Asn s§r Leu Arg Asp Glu ggp Thr Ala val Tyr ggr Cys

Ala Gly Thr val Thr Thr Tyr Tyr Tyr Tyr Phe Gly Met Asp val Trp
100 105 110

—— —  -Gly His Gly -ThrThr vaT Thr val-Ser-Ser =~ = == =~
115 120

<210> 3

<211> 121

<212> PRT

<213> Homo sapiens

<400> 3
Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val GIn Pro Gly Glu
1 5 10 15

ser Leu Arg Egu Ser Cys val Ala ggr Gly Phe Thr Phe ser Arg Tyr
30

Lys Met égn Trp val Arg Gln ﬁga Pro Gly Lys Gly Lgu Glu Trp val
4

Ser Egr ITle Ser Arg Ser ggy Arg Asp Ile Tyr E%r Ala Asp Ser val

Lys Gly Arg Phe Thr ITle Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
65 70 75 80

Leu GIn Met Asn Ser Leu Arg Asp Glu Asp Thr Ala val Tyr Tyr Cys
85 90 95

Ala Gly Thr val Thr Thr Tyr Tyr Tyr Phe Gly Met Asp val Trp Gly
100 105 110



Arg Ala ser An Gy Ile Ser Ser Trp Leu Ala 1510 <210> 35 <211> 11
<212> PRT <213> Hono sapi ens <400> 35 Arg Ala Ser Gn Ay Ile Ser Ser
Trp Leu Ala 1510 <210> 36 <211> 11 <212> PRT <213> Honp sapi ens <400>
36 Arg Ala Ser Gn Ay Ile Ser Ser ZZBbLeu Al a 1510 <210> 37 <211> 7
<212> PRT <213> Hono sapi ens up, > 37 Ala Ala ser Ser Leu G n

Ser 15 <210> 38
His Gly IQ; Thr val Thr val ser ser

<210> 4

<211> 122

<212> PRT

<213> Homo sapiens
<400> 4

Glu val GIn Leu val Giu Ser Gly Gly Gly Leu val GIn Pre Gly Glu
1 5 10 15

Ser Leu Arg ggu Ser Cys val val ggr Gly Phe Thr Phe ggr Arg Tyr

Lys Met ?gn Trp val arg GIn gga Pro Gly Lys Gly kgu Glu Trp Ie

ser ggr Ile Ser Arg Ser g;y Arg Asp Ile Tyr g%r Ala Asp Ser val

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Ash Ser Leu Tyr
65 70 75 80

Leu GIn Met Ser-ggr Leu Arg Asp Glu Sgp Thr Ala val Tyr Tgr Cys
9

"Ala Gly Thr val Thr Thr Tyr Tyr Tyr Tyr Phe Gly Met Asp val Trp
100 105 110

Gly Leu Gly Thr Thr val Thr val Ser Ser
115 120

<210> 5
. <211> 122
( <212> PRT
~ <213> Homo sapiens

<400> 5

Glu val GIn Leu val Glu Ser Gly Gly Gly Ser val Gln Pro Gly Glu
1 5 10 15

Ser Leu Arg kgu Ser Cys val Ala ggr Gly pPhe Thr Phe ggr Arg Tyr

Lys Met ggn Trp val Arg Gln ﬁga Pro Gly Lys Gly igu Glu Trp val

Ser ggr Ile Ser Arg Ser ggy AEQ Asp Ile Tyr Tyr Ala Asp Ser val
60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Ash Ser Leu Tyr



<211> 7 <212> PRT <213> Honp sapi ens <400> 38 Ala Ala Ser Ser
Ser 15 <210> 39 <211> 7 <212> PRT <213> Honp sapi ens <400> 39 Ala Al a
ser 15 <210> 40 -------- <212> PRT <213> Hono

sapi ens <400> 40 Ala Ala ser ser Leu ,9!@ ser 15 <210> 41

ser ser Leu G n

65

Leu ¢1n Met
Ala Gly Thr

Gly GIn Giy
115

<210> 6
<211> 122
<212> PRT
<213> Homo
<400> 6

Glu val G1n
1
Ser LeU Arg

T —Lys -Met- Asn-
35

. Ser Tyr Ile
50

Lys Gly Arg
65

Leu Gln Met
( Ala Gly Thr

¢ly ¢ln Gly
115

<2i0> 7
<211> 107
<212> PRT
<213> Homo
<400> 7

'Asp ITe Gin
1

Asp Arg val

Asn Ser
val Thr
100

Thr Thr

sapiens

Leu val
5

Leu Ser
20

Trp-val

ser Arg

Phe Thr

Asn Ser
85

val Thr
100

Thr Thr

sapiens
met Thr
5

Thr Ile
20

70

Leu

Thr

val

Glu

Cys

Arg

Ser

Ile

70

Leu

Thr

val

Gln

Thr

Arg

Tyr

Thr

Ser

val

GTn

Gly

55

Ser

Arg

Tyr

Thr

ser

Cys

Asp

Tyr

val
120

Gly

Ala

Ala

40

Arg

Arg

Asp

Tyr

val
120

Pro

Arg

75 80
Glu Asp Thr Ala val Tyr Tyr Cys
20 95

Tyr Asp Phe Gly Met Asp val Tr
105 118 P

ser Ser

Gly Gly Leu val Gln Pro Gly Glu
10 15

Ser Gly Phe Thr Lau Ser Arg Tyr
25 30

Pro -Gly Lys-Gly Leu Gtu Trp ITe — — —--

45

Asp Ile Tyr g%r Ala Asp ser val
Asp Asn Ala Lys Ash Ser Leu Tyr
75 80

Glu Asp Ser Ala val Tyr Tyr Cys
20 95 Y

Tyr Tyr Phe Gly Met Asp val Trp

105 110

sSer ser

Ser Ser Leu Ser Ala Ser val Gly
10 15

Ala sSer GIn Gly ITe Ser Ser Trp
25 30

Leu G n



<211> 7 <212> PRT <213> Honmp sapi ens <400> 41 Ala Ala ser ser Leu Gn
ser 15 <210> 42 <211> 7 <212> PRT <213> Honp sapi ens <400> 42 Ala Al a
ser ser Leu G n ser 15 <210> 43 <211> 9 <212> PRT <213> Honp sapi ens
<400> 43 Gn Gn Tyr Asn Ser Tyr Prosﬁr,';)o Thr 15 <210> 44

" Leu Ala ;gp Tyﬁ GIn GIn Lys 250 Glu Lys Ala Pro Lys Ser Leu Ile
45

Tyr ?Aa Ala Ser sSer Leu ng Ser Gly val Pre ser Arg Phe ser Gly
5 60

ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Cys Leu GIn Pro
65 70 75 80

Glu Asp pPhe Ala ggr Tyr Tyr Cys G1n ggn TYP Ash ser Tyr ggo Pro

Thr phe Gly Gly Gly Thr Lys val 6lu Ile Lys
100 105

<210> 8

R <211> 107

( <212> PRT .
<213> Homo sapiens

<400> 8
Asp Ile GIn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala sSer val Gly
1 5 10 15

Asp Arg val ggr ITe Thr Cys Arg gga ser Gin Gly ITe ser Ser Trp
30

Leu Ala Trp Tyr GIln GIn Lys Pro Glu Lys Ala Pro Lys Ser Leu ITe
35 40 45

Tyr ?aa Ala Ser Ser Leu g}n ser Gly val Pro ggr Arg Phe Ser Gly

ser Gly Ser Gly Tht Asp Phe Thr Leu Thr Ile Ser ser Leu Gln Pro
65 70 75 30

,

Glu Asp Phe Ala g?r Tyr Tyr Cys Gln ggn Tyr Asn Ser Tyr Pro Pro
g5

Thr Phe Gly Gly Gly Thr Lys val Glu 1le Lys
100 105

<210> 9

<211> 107

<212> PRT

<213> Homo sapiens

| <400> 9
Asp Ile Gin Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser val Gly
1 5 10 15

Asp Arg vVal Thr Ile Thr Cys Arg Ala Ser Gin Gly Ile Ser Ser Trp



| <
=

| 2
<

211> 9 <212> PRT <213> Hono sapiens <400> 44 @dn Gn Tyr Asn Ser Tyr
<212> PRT <213> Honp sapi ens <400> 45

ro Pro Thr

15 <210> 45 <211> 9

Gn Gn Tyr Asn Ser Tyr

Pro Pro

t35 HOmMti Thai dTS <400> 46 G n
210> 47 <211> 9 <212> PRT

20

Leu Ala Trp Tyr Gin GIn Lys Pro
35 40

Tyr Ala Ala
50

. Ser Gly Ser
65

Glu Asp Phe

" Thr phe Gly

( <210>

<211>
<212>
<213>

<400>

10
107
PRT
Homo

10

————— TASp “TTe Gt
1

Asp Arg val

|
{

Leu Ala Trp

35

Tyr Ala Ala
50

s ser Gly Ser
65

Glu Asp Phe

Thr Phe Gly

<210>
<211>
<212>
<213>

<400>

1l
107
PRT
Homo

11

Asp Ile Gln
1

Ser Ser Leu

Gly Thr Asp

70

Ala Thr Tvyr
85

Gly Gly Thr
100 :

sapiens

'MEt”EhPMGTH'

Thr Ile Thr
20

Tyr GIn Gln

Ser Ser Leu
Gly Thr Asp
70

Ala Thr Tyr
85

Gly Gly Thr
100

sapiens

Met Ehr Gln

GIn ser
55
Phe Thr

Tyr Cys

Lys val

Ser-Pro—

Cys Arg

Lys Pro
40

Gin Ser

55

Phe Thr

Tyr Cys

Lys val

ser Pro

Thr

15.

<210> 46 <211>

9

<212> PRT

Gn T%”l@sn Ser Tyr Pro Pro Thr 15

25

Glu

Gly

Leu

Gin

Glu
105

Ala

25

Glu

Gly

Leu

GIn

Giu
105

Ser

Ser

Lys Ala
val Pro
Thr Ile
75
Sgn Tyr

Ile Lys

Ser-Leu-

10

Ser Gin
Lys Ala
val Pro
Thr Ile
75

GIn Tyr
a0

ITle Lys

Ser Leu
10

Pro Lys
45

Ser Arg

60

ser ser

Asn Ser

ser-Ala

Gly Tle

Pro Lys
45

Ser Arg

60

Ser Cys

Asn 5er

ser Ala ser val Gly
15

30

Ser

Phe

Leu

Tyr

ser

ser

30

ser

Phe

Leu

Tyr

Leu

ser

Gln

Pro
95

val

15

Ser

Leu

Ser

Gln

Pro
85

Ile

Gly

Pro

80

Pro

Trp

Ile

Gly

Pro

80

Pro



<213> Hono sapiens <400> 47 Gn Gn Tyr ASn Ser Tyr

Pro Pro Thr

15 ,

<210> 48 <211> 9 <212> PRT <213> Hono sapiens <400> 48 G n Gn Tyr

Asn Ser Tyr
sapi ens

Pro Pro Thr
tcctgtgtag cctctggatt cacctt
gatttcatac gcagactctg tgaagggccg attc
agacgaggac acgacatatt attattactt cggtat

t gaact 4&@tire ofé cHygé&te abr é‘gﬁc‘g’tgaégt
t

at gccaagaa ctcactgtat acggct gt gt

t agggaccac ggtcaccgtc

sapi ensek 48T
ct ggggagt c cct

BONaght §émdest

gagactc60 tcctgtgtag cctctggatt

ik

15 <210> 49 <211> 366 <212> DNA <213> Hono
ccagggaagg gact ggaat g

c ctgcaaatga gcagcctgag
gac tcctca 14/19 aggtataaga

g6t &4 FdY clea$sdcbet Trecagagaca

tact gt gc ggga

t §gabye Mydgegagaeen tayiieage

tgtc gtctggggcece
<210> 50 <211> 366 <212> DNA <213> Hono

tactttcagt agatataaga

ccaggct 120 ccagggaagg gactggaatg ggtttcatac atcagtcgta
Bt SRt SRL8eu g%n Sser Gly val Pro ggr Arg Phe Ser Gly

t gaact gggt tc%
gt ggcc@frg?'%a’t
O
ser Gly ser Gly Thr asp phe Thr
65 70
Glu Asp Phe Ala ggr Tyr Tyr Cys
Thr Phe Gly Gly Gly Thr Lys val
. 100
(.
C <210> 12
<211> 107
<212> PRT
<213> Homo sapiens
————————— . -_<400>_ . 1:2 e e mmm e ame e e e - — - PR
QSp Ile Gln Met ghr GIn Ser Pro
Asp Arg val ;gr Ile Thr Cys Arg
Leu Ala Trp Tyr GIn Gln Lys Pro
35 40
Tyr Ala Ala Ser Ser Leu Gln Ser
_ 50 55
N
ser Gly Ser Gly Thr Asp Phe Thr
65 70
Glu Asp Phe Ala ggr Tyr Tyr Cys
Thr Phe Gly Gly Gly Thr Lys val
100
<210> 13
T <211> 5
<212> PRT
<213> Homo sapiens
- <400> 13
Arg Tyr Lys Met Asn

Leu Thr ;;e Ser Ser Leu Gin Pro

Glin

Glu
105

ser

Ala

25

Glu

Gly

Leu

GIn

Glu
105

Gin Tyr Asn Ser Tyr Pro Pro
90 95

ITe Lys

Ser Leu Ser Ala Sser
10

Ser Gln Gly Ile Ser
30

Lys Ala Pro Lys Ser
45
val Pro Ser Arg Phe
60

Ile Ser Ser Leu
75

Thr

Gin
30

Tyr Asn Ser Tyr

Ile Lys

val
15

ser
Leu
Ser
G1In

Pro
95

Gly

Trp

Ile

Gly

Pro

80

Pro



gcagact ctg tgaagggccg attcaccatc tccagagata atgccaagaa
ct gcaaat ga acagcctgag agacgaggac acggctgtat attactgtgc
acgacatact actactactt cggtatggac gtctggggcc acgggaccac

gaggt gcagc tggtggagtc tgggggaggc ttggtdcdgc ctggggagtc
tcctgtgtag cctctggat tactttcagt agatataaga tgaactgggt
ccagggaagg gactggaatg ggtftcatac atcagtcgta gtggccgtga
gcagactgig tgaagggccg attcaccatc tccagagata atgccaagaa
ctgcaaaﬂg?.asagcctgag agacgaggac acggctgtat attactgtgc
acgacatat® aBRTact t ggg tat ggacgtc tggggccacg ggaccacggt
t ea363 <€5ppsHaw %ﬁT%%5366 <212> DNA <213> HOMO sapi ens

| scegaciolq (430RRcEs,

. <210> 15
S <211 5
<212> PRT
«213> Homo sapiens

<400> 15
ﬁrg Tyr Lys Met ?sn

<210> 16

<211> 5

<212> PRT

<213> Homo sapiens

i e . i e .—<400>— .._16_ S mrra s m s iim = s mmem e mmm mme e et miia tmmmem et moms . s e 4 ame s ma h 4o oeae FRNPR

Arg Tyr Lys Met Asn
1 5

<210> 17

<21> 5

<212> PRT

<213> Homo sapiens

<400> 17
Arg Tyr Lys Met Asn
1 5

(- <210> 18
<211~ 5
<212> PRT
<213> Homo sapiens

<400> 18
Arg Tyr Lys Met Asn
1 5

. <210> 19
<211> 17
| <212> PRT
<213> Homo sapiens

<400> 19

ct cact gt at 240
gggaact gt a300
ggt caccgt ¢c360

tcctca366 <210> 51 <211> 363 <212> 3> Hono sapi ens <400> 51

cct gagact c60
t cgccaggcet 120
catttactacl80
ct cact gt at 240
gggaact gt a300
caccgtct cc360
<400> 52

gaggt gcags tggt ggagtc :Lcctgtgtag tctctggatt ccagggaagg gact ggaatg

Iyr Ile ser Arg ger'GTy'Arg“Asp*I1e“I%r“Tyr*A1a Asp Ser val Lys
15



t gggggaggc caccttcagt gatttcatac attcaccatc
attagtcgta tccagagaca
cct gagactc ccgccaggcet catatactac ctcact gt at

tt ggt acagc aggt at aaga

ct ggggagt ¢ tgaact gggt gt ggtcgtga at gccaagaa
<210> 53 <211> 366 <212>

DNA <213> Honp sapi ens <400> 53 gaagtgcqggatggtggagtc t gggggaggc
a

tcctgtgtag cctctggatt caccttcagt ccaggg

gact ggaatg ggtttcatac

gcagactctg tgaagggccg attcaccatc ctgcaaatga acagcctgag agacgaggac

acgacatGdet actacgactt cggtatggac tcctca <210> 54 -<2115 366-

<212>

DNA <213> Hono sapi ens <400> 54 gaggtgcagc tggtggagtc tgggggaggc
tcgtgtgtag cctctggatt caccctcagt ccagggaagg gactggaatg gatttcatac

gcagack

21@ t ha
acgacatigpy ctactt cggtatggac tcctca

T<213% T HOMO SapiE

<213> Homo sapiens

<400> 20

Tyr Ile Ser Arg Ser Gly Arg Asp Ile Tyr Tyr Ala Asp Ser val Lys
1 5 10 15

<210> 21

<211> 16

<212> PRT

<213> Homo sapiens

<400> 21
Iyr Ile Ser Arg ger Gly Arg Asp Ile {%r Tyr Ala Asp Ser val Lys
. 15

<210> 22
<211> 17
<212> PRT

<400> 22
Iyr Ile ser Arg ger Gly Arg Asp Ile I%r Tyr Ala Asp Ser Xg] LysS

Gly

<210> 23

<211> 16

<212> PRT

<213> Homo sapiens

- <400> 23

Tyr Ile Ser Arg Ser Gly Arg Asp Ile Tyr Tyr Ala Asp Ser val Lys
1 5 10 i5

<210> 24
<211> 17

. <212> PRT

<213> Homo sapiens

<400> 24

Tyr Ile Ser Arg ger Gly Arg Asp Ile {gr Tyr Ala Asp Ser ggi Lys
1

Gly

gggccg attcaccatc ctgcaaatga acagcctgcg agacgaggac



<210> 55 <211> 321 <212> DNA <21
t gacccagtc tccatcctca atcacttgtc
ctaagtccct gatctatgct aggttcagcg
cgacttatta ctgccaacag gggaccaagg
- 321 <212> DNA <213> Honmp sapi ens
at cact t@i® ggycgagt ca gagaaagccc

gaagatﬁﬂ c&hcttatta gggaccaagg
ctgtag agGs gggt at t age
gat ct at gc cc gtt t gcaaagt gg

ccatcagé@g-c%&gcagcct ct gccaacag
<210> < 1
{ gacecatt S b BhclTot? g5cdagiia
gcagt ggat c
210>
<211>

<212>
<213> Homo

<400> 26
Thr val Thr
1

26

i3

PRT

‘sapiens

Thr Eyr Tyr Tyr Tyr

27
12
PRT
Homo

27

. <210
<211>
<212>
<213>

<400>
Thr Va1 Thr

sapiens
Thr Tyr Tyr Tyr Phe
com g LI R

<210>
<211>
<212>
<213>

<400

28
13
PRT
Homo

28
Thr val Thr
1

sapiens
Thr Eyr Tyr Tyr Tyr

<210>
<211>
<212>
<213> Homo

<400> 29
Ihr val Thr

28

13

PRT .
sapiens

Thr Tyr Tyr Tyr Asp
5

30
13
PRT
Homo

30
Ehr val Thr

<210>
<211>
<212>
<213>

<400>

sapiens
Thr Eyr‘Tyr Tyr Tyr

<210> 31
<211> 11

3> Honp sapi ens <400> 55 gacat ccaga
gggcgagt ca gggt att agc gagaaagccc
gcagt ggat ¢ tgggacagat gaagattttg
t ggagy a 14119 <210> 56 <211>
<400> gacat ccaga tgacccagtc
ctaagtccct aggttcagcg gcagtggatc
t ggagat caa tccatcctca ctgtctgcat
agctggttag cctggtatca gcagaaacca
ggt cccat ca tgggacagat ttcactctca
tataatagtt accctcccac tttcggcgga a

ﬁ? g&ﬁﬁ ?qggqﬂﬁ <400> 57 gacatccaga
-p ott

zttt aggttcagcg

Phe Gly Met Asp val
10

Gly Met Asp val

Phe Gly Met Asp val
10

Phe

Gly Met Asp val
10

Phe Gly Met Asp val
10



gaagattttg caacttatta gggaccaagg tggagatcaa tccatcctca ctgtctgcat
ctgt aggaga gggtattagc agctggttag cctggtatca
gatttatattwatetadtt-tqtadadi d- tgggacagat ttcactctca ccatcagcag
ctgccaacag tataatagtt accctcccac a ' ca t cacc60 gcagaaaccal20
gpt-adat CY - -18-0------ cctgcagcct240l?ﬁgcggcggaBOO 321 <210> 58
<211> 321,<2p2Zp DNA <213> Hono sapi ens <400> 58 gacatccaga tgacccagtc
at cact tgi.e> gggegagtieas gagaaagccc ctaagtccct aggttcagcg gcagtggatc
gaagattf,phg cgacttatta gggaccaagg tggagatcaa tccatcctca ctgtctgeat

. ctgtaggaga cagagtcacc gggtattagc agctggttag cctggtatca .gcagaaacca
gat ct ataggtalgestreccbgGly tijeasagsgyToggtlecedhca t gggacagat ttcactctca
ccatcadctg cctgcagcét ctgccaacag tatlfatagtt accctcccac tttcggecgga a

<210> 32

<211> 11

<212> PRT

<213> Homo sapiens

<400> 32
Arg Ala Ser GIn Gly Tle Ser Ser Trp Leu Ala
1 5 10

<210> 33

<211> 11

<212> PRT

<213> Homo sapiens

<400> 33
Arg Ala Ser Gln Gly Ile Ser Ser Trp Leu Ala
1 5 10

P

<210> 34
<211> 11
<212> PRT
<213> Homo sapiens

<400> 34
Arg Ala Ser Gln Gly Ile Ser Ser Trp Leu Ala
1 5 10

<210> 35

<211l> 11

<212> PRT

<213> Homo sapiens

<400> 35
Arg Ala Ser 6In Gly Tle Ser Ser Trp Leu Ala
1 5 10

<210> 36

<211> 11

<212> PRT

<213> Homo sapiens

<400> 36

Arg Ala ser Gln Gly Ile Ser Ser Trp ieu Ala
5 0

<210> 37

<21l> 7

<212> PRT

<213> Homo sapiens



f

e 1

<210> 59 <211> 321 <212> DNA <213> Honp sapi ens <400> 59 gacat ccaga

t gacccagtc tccatcctca ctgtctgcat ctgtaggaga cagagtcacc60 atcacttgtc
gggcgagt ca gggtattagc agctggttag cctggtatca gcagaaaccal20 gagaaagccc
ctaagtccct gatctatgct gcatccagtt tgcaaag%g ggt cccat cal80 aggttcagcg
gcagtggat c tgggacagat ttcactctca ccatca cctgcagcct 240 gaagattttg
caacttatta ctgccaacag tataatagtt accctcccac tttcggcgga300 gggaccaagg
t ggagatd@® a321 <210> 60 <211> 321 <212> DNA <213> Honp sapi ens

<400> QQaQﬁSQ§%C§QﬁL£9%ﬁSQ%QtC at cacttgtc gggcgagt ca gagaaagccc
ct aagt @qcct aggttcageg gcagtggatc gaagattttg caacttatta gggaccaagg

t ggagat caa <210> 61 <211> 98 <212> PRT <213> Honpb sapi ens <400> 61
tccatcggﬁg_cggtctgcat ct gt aggaga cagagt cacc gggtattagc agctggttag
cctggt @p£@ gragaaacca gatctatgct gcatccagtt tgcaaagtgg ggtcccatca
t gggaca tRRJact ct ca ccatcagcag cctgcagcct ctgccaacag tataatagtt

accct cC€Ee tHAeTPdes a

<400> 38
§1a Ala ser ser %eu GIn ser

<210> 39

<211l> 7

<212> PRT

<213> Home sapiens
(  <400> 39

gTa Ala Ser Ser Leu Gln Ser
: 5

<210> 40

<212> PRT
<213> Homo sapiens

<400> 40
§1a Ala Ser Sser Eeu Gln Ser

C 210> 41
<21l> 7
<212> PRT
<213> Homo sapiens

<400> 41
?Ta Ala Ser ser Eeu Gln Ser

P

<210> 42

<211> 7

<212> PRT

<213> Homo sapiens

<400> 42

Ala Ala Sar Ser Leu Gln Ser
5

<210> 43

<21l> 9

<212> PRT

<213> Homo sapiens

<400> 43



Gu Val dn Leu Val Qu Ser Ay Ay Ay Leu Val Gn Pro dy Ay
151015 ser Leu Arg Leu Ser Cys Ala Ala Ser Gy Phe Thr Phe Ser Ser
Tyr 202530 Ser Met Asn Trp Val Arg Gn Ala Proody Lys Gy Leu Qu
Trp Val 354045 Ser Tyr lle Ser Ser Ser Ser ser Thr Ile Tyr Tyr Al a
Asp Ser Val 505560 Lys Gy Arg Phe Thr i3I g Ser Arg Asp Asn Ala Lys
Asn Ser LeU Tyr 65707580 Leu G n net Asn'ser LeU Arg Asp A U Asp Thr
Al a Valsg1Ty@lnTiyr Asns S859905°ral aroArly <210> 62 <211> 95 <212> PRT <213>
Hono s&piens V19 <400> 62 Asp Ile Gn Met Thr Gn Ser Pro ser Ser
Leu ser Ala ser val @y 151015 Asp Arg Val Thr Ile Thr Cys Arg Al a
ser Glzﬂiﬂliy 34e ser ser Trp

<212> PRT
<213> Homo sapiens

<400> 44
gln Gln Tyr Asn Ser Tyr Pro Pro Thr
5

<210> 45

<211> 9

<212> PRT

<213> Homo sapiens

<400> 45
{ §1n GIn Tyr Asn §er Tyr Pro Pro Thr

<210> 46
211> 9
| <212> PRT
—T TR213% “Homo sdpiens T T

<400> 46
§1n GIn Tyr Asn ger Tyr Pro Pro Thr

<210> 47

<211> 9

<212> PRT

<213> Homo sapiens

<400> 47
' g]n Glin Tyr Asn ?er Tyr Pro Pro Thr

| <210> 48
| <211> 9
<212> PRT
<213> Homo sapiens

<400> 48
g1n GIn Tyr Asn ger Tyr Pro Pro Thr

<210> 49

<211> 366

<212> DNA

<213> Homo sapiens

| <400> 49
gaggtgcage tggtggagtc tgggggagge ttggtacagce ctggggagtc cctgagacte 60



202530 Leu Ala Trp Tyr Gn Gn Lys Pro Qu Lys Ala Pro Lys ser Leu
Ile 354045 Tyr Ala Ala ser Ser Leu G n Ser Gy Val Pro ser Arg Phe
ser Gy 505560 ser Gy ser Ay Thr Asp Phe Thr Leu Thr Ile ser ser

Leu Gn Pro 65 70 75 80 G u Asp Phe Alaglgr Tyr Tyr Cys G n Gn Tyr
212> PRT <213> Hono sapi ens

Asn ser Tyr Pro 859095 <210> 63 <211>
<400> @ac@tyt@ecﬁa%mr caddhrdagh J@g&aia\é@a%a%g 8 ghSp vahodrp
@y 151015 Gn 4 r Thr Val Thr Val ser 25 <21 > 64 <211> 25
<212> pﬁaggggqg§>g;ﬁﬁggagﬁgpgqg;§ca;g@oéxteqrcgta gtggtcgtga catatactac 180
gcagactctyg tgaagggceg attcaccatc tccagagaca atgccaagaa ctcactgtat 240
ctgcaaatga gcagcctgag agacgaggac acggcetgtgt attactgtgc gggaactgtc 300
acgacatatt attattactt cggtatggac gtctgggoce tagggaccac ggtcaccgte 360
tectea 366
<210> 50
<211> 366
<212> DNA
. <213> Homo sapiens
<400> 50
gaggtgcage tggtggagtc tgggggaggc ttggtgcagce ctggggagtc cctgagactc 60
tectgtgtag cctctggatt tactttcagt agatataaga tgaactgggt tcgccaggct 120
(“ ccagggaagg gactggaaty ggtttcatac atcagtcgta gtggccgtga catttactac 180
' gcagactctg tgaagggecg éttcaccatc tccagagata atgccaagaa ctcactgtat 240
ctgcaaatga acagcctgay agacgaggac acggctgtat attactgtgce gggaactgta 300
_ .. _Aacgacatact actactactt cggtatggac gtctggggcc acgggaccac ggtcaccgtc 360
tcctea 366
<210> 51
<211l> 363
<212> DNA
<213> Homo sapiens
<400> 51
gaggtgcagc tggtggagtc tgggggaggc tiggtgcage ctgggoagic cctgagactce 60
tcctgtgtag cctctggatt tactttcagt agatataaga tgaactgggt tcgccaggcet 120
ccagggaagqg gactggaatg ggtttcatac atcagtcgta gtggccgtga catttactac 180
( gcagactctg tgaagggecyg attcaccatc tccagagata atgccaagaa ctcactgtat 240
ctgcaaatga acagcctgag agacgadggac acggctgtat attactgtgc gggaactgta 300
acgacatact actacttcgy tatggacgtc tggggccacyg ggaccacggt caccgtctee 360
tca 363
<210> 52
<211> 366
<212> DNA
<213> Homo sapiens
<400> 52
gaggtgcagce tggtggagtc tgggggaggc ttggtacagc ctggggagic cctgagactc 60
_tecctgtgtag tctctggatt caccttcagt aggtataaga tgaactgggt ccgccagget 120
ccagggaagg gactggaatg gatttcatac attagtcgta gtggtcgtga catatactac 180
-gcagactctg tgaagggccg attcaccatc tccagagaca atgccaagaa ctcactgtat 240



Gy Thr Val

Tyr Phe Ay net Asp val
ser ser
<400> 66 Ay Thr Val

tcctca

<210> 53

<211> 366

<212> DNA

<213> Homo sapiens

<400> 53
gaagtgcagc tggtggagtc

tcctgtgtag cctctggatt
ccagygaagg gactggaatg
gcagactctg tgaagggccyg
ctgcaaatga acagcctgag
( acgacatact actacgactt
tcctca
" <210> 54
L2117
<212>
213>

<400> 54
gaggtygcagc tggtggagtc

tegtgtgtag
ccagggaagg
gcagactctg

DNA .
Homc sapiens

cctctggatt
gactggaatg
tgaagggceg
ctgcaaatga acagcctgcg
écgacatact actactactt
tecctca

<210> 55

<211> 321

<212> DNA i
<213> Homo sapiens

<400> 55
gacatccaga tgacccagtc

atcacttgic gggcgagica
gagaaagccc ctaagtccct
aggttcagey gcagtggate
gaagatttty cgacttatta
gggaccaagg tggagatcaa

151015 Leu dy Thr Thr val
<212> PRT <213> Hono sapi ens <400> 65 Ay Thr Val

366~ -~ m

Thr Thr Tyr Tyr Tyr Tyr
Thr val

ser

Ser

Phe Ay met Asp val

Trp Ay

2025 <210> 65 <211> 25

Trp Ay 151015 His Ay Thr Thr Val
h PRT <213> Hono sapi ens

tgggggaggc
caccttcagt
ggtttcatac
attcaccatc
agacgaggac
cggtatggac

tgggggaggc
caccctcagt
gatttcatac
attcaccatc
agacgaggac

cggtatggac

tccatccteca
gggtattagc
gatctatgct
tgggacagat
ctgccaacag

a

19 19 2025 <210> 66 <211> 24 R
Thr Thr Tyr Tyr Tyr
H s 15X046a@rge Thagcthygaoy abachhggavabcg8etgiBerai?@ctgtge gggaactgta

acgacatatt attattactt cggtatggac gtctgoggce tagggaccac ggtcaccgtco

tcggtacage
aggtacaaga
attagtcgta
tccagagaca
acggctgtgt
gtctggggee

ttggtacage
aggtataaga
atcagtcgta
tccagagaca
tcggetgtgt
grctggagec

ctgtctgeat
agctggttag
gcatccagtt
ttcactctca

tataatagtt

ctggggagtc
tgaactgggt
gtggtcgtga
atgccaagaa
attactgtge

aagggaccac

ctggggagtc
tgaactgggt
gtggtcgtga
atgccaagaa
attactgtgc

aagggaccac

ctgtaggaga
cctggtatca
tgcaaagtygg
ccatcagctg

acccteoeeac

Phe 'Sly Met Asp val

cctgagactc
ccgecagget
catatactac
ctcactgtat
gggaacitgta
gogtcaccgtc

cctgagacte
ccgecaggct
catatactac
ctcactgtat
gggaactgta
ggtcaccgtc

cagagtcacc
gcagaaacca
ggtcccatca
ccrtgcagect

tttcggegga

Thr Thr Tyr Tyr Tyr
Thr Val

300
360
366

60
120
180
240
300

360

366

60
120
180
240
300
360
366

60
120
180
240
300
321

Trp Ay



Thr

Thr Thr Val o
PRT <213> Hono sapi ens <400> 68 dy Thr
Phe Gy met Asp Val Trp 'sly 151015 G nlgl$®y Thr Thr Val Thr Val
Ser 2025 <210> 69 <211> 12 <212> PRT <213> Honpo sapi ens <400> 69 Pro

Phe218t y3&d y 'sly Thr

Thr val Ser

<211> 7 321
<212> DNA
<213> Homo sapiens

<400> 56
gacatccaga tgacccagtc

atcactigtc gggcgagtca
gagaaagccc ctaagtecct
aggttcagcg gcagtggatc
gaagattttyg caacttatta
gggaccaagg tggagatcaa
<210>
<211>
<212>
<213> Homo sapiens

<400> 57
gacatccaga tgacccagtc

57
321
DNA

atcacttgtc gggcgagtca
“gagaaagccc ctaagtdoct
aggttcageg gecagtggatc
gaagattttg caacttatta
gggaccaagg tggagatcaa
<210>
<211>
<212> )
<213> Homo sapiens

<400> 58

58
321
DNA

gacatccaga
atcacttgtc
gagaaagccc
aggttcagcg
gaagattttg
gggaccaagg

<210> 59
<211>
<212>

<213>
<400>

DNA

59

321

tgacccagtc
gggcgagtca
ctaagtccct
gcagtggatc
cgacttatta
tggagatcaa

Homo sapiens

gacatccaga tgacccagtc

atcacttgtc gggcgagtca

Phe Gy nmet Asp Val

ser

Lys Val

tccatcctea
gggtattagc
gatctatgct
tgggacagat
ctgccaacag

a

tccatecctca

gggtattagc

tgggacagat
ctgccaacag

a

tccatcctea
gggtattagc
gatctatgct
tgggacagat
ctgccaacag

a

tccatecctea

gggtattagc

<210> 67 <211> 25 <212> PRT <213> Hono sapi ens <400> 67 Ay Thr val

Thr Thr Tyr Tyr Tyr Tyr Trp Gy 151015 Leu Ay

-2-0 25 <210> 68 <211> 25 <212>

Au lle

ctgtctgcat
agctggttag
gcatccagtt
ttcactctca

tataatagtt

ctgtctgeat

agctggttag

ticactctca

tataatagtt

ctgtctgeat
agctggttag
gcatccagtt
ttcactctca

tataatagtt

ctgtctgcat
agctggttag

|

Lys 1510

ctgtaggaga cagagtcacc
cctggtatca gcagaaacca
tgcaaagtgg ggtcccatca
ccatcagcag cctgcagect

acccteccac ttteggegga

ctgtaggaga cagagtcacc

cctggtatca gcagaaacca

‘gatctatgct gcatccaott tgcaaagtgg ggtcccatca

ccatcagecag cctgcagect

accctcecac tttcggegoa

ctgtaggaga cagagtcacc
cctggtatca gcagaaacca
tgcaaagtgg ggtcccatca
ccatcagctg cctgeagect

accctcccac tttcggegga

ctgtaggaga cagagtcacc

cctggtatca gcagaaacca

al Thr Thr Tyr Tyr Tyr Asp
Ser

60
120
180
240
300
321

60
120

1807

240
300
321

60
120
180
240
300
321

60
120



aggttcagcg gcagtggatc
gaagatittg caacttatta
gggaccaagg tggagatcaa
60

321
DNA

<210>
<211>
<212>
<213> Homo sapiens

<400> 60
gacatccaga tgacccagic

atcacttgtc gggcgagtca
gagaaagcce ctaagtcoct
aggttcagcg gcagtggatce
gaagattttg caacttatta
gggaccaagg tggagatcaa
61

98 . _
PRT

<213> Homo sapiens
<400> 61

Gglu val Gn
1

<210>
211>
<Z212>

val Gl

5

Leu

Leu Ser

20

Sei Leu Arg Cy

Met Asn val Ar

35

ser Trp

Ser Tyr Ile Ser Ser Se
50

T
70

Gly Arg Phe Thr

ser Le

85

Gln Met Asn

Ala Arg

<210>
<211>
<212>
<213>

62
95
PRT

Homo sapiens

tgggacagat
ctgecaacag

a

tccatcctca
gggtattagc
gatctatgct
tgggacagat
ctgccaacag

d

u Ser Gly

s Ala Ala

g GIn Ala
40

r ser ser
a5

e ser Arg

U Arg Asp

11/19

gagazagccc ctaagiccct gatctatgct gcatccagtt tgcaaagtgg

ttcactcteca

tataatagtt

ctgtctgecat
agctggttag
gcatccagtt
ttcactctca

tataatagtt

Gly Gly Leu
10

ser Gly Phe

25

Pro Gly Lys

Thr Tle Tyr

Asn Ala

Asp
75

Glu Asp Thr
90

ccatcagcag

accctcccac

ctgtaggaga
cctggtatca
tgcazagtgyg
ccatcagcag

accctcecac

val

Thr
30

Gly
45

Tyr
60

Lys

Ala

Gln Pro

.Phe ser

Leu Glu

Ala Asp

AsSn Ser

val Tyr

ggtcccatca
cctgcagect

tttcggegga

cagagtcacc
gcagaaacca
ggtcccatca
cctgcagect

tttcggcgga

Gly Gly

15

Sser Tyr

Trp val

ser val

Leu Tyr
80

TYr Cys
95

180
240
300
321

60
120
180
240
300
321



<400> 62
Asp Ile G1n Met Thr
i 5

Asp Arg val Tthr 1le
20
Leu Ala Trp Tyr GlIn
35
Tyr Ala Ala Ser ser
50
Ser Gly ser Giy Thr
65
Glu Asp Phe Ala ggr

<210> 63
<211> 25
<212> PRT

_X213> Homo sapiens

<400> 63
Gly Thr val Thr Thr
1 5

Gin Gly Thr Thr val
20

<210> 64

«211> 25

<212> PRT

<213> Homo sapiens
<400> 64

Gly Thr val Thr Thr

1 5

Leu Gly Thr Thr val
20

<210> 65

<211> 25

<212> PRT

<213> Homo sapiens
<400> 65

Gly Thr val Thr Thr
1 5

His Gly Thr Thr val

Gln ser

Thr cys

Gln Lys

Leu GIn

35

Asp Phe
70

Tyr Tyr

TYr Tyr

Thr val

Tyr Tyr

Thr val

TYyr Tyr

Thr val

Pro ser

Arg Ala
25

Pro Glu

40

ser Gly

Thr Leu

Cys Gln

Tyr Tyr

Ser Ser
25

Tyr Tyr

Ser ser
25

Tyr Tyr

ser ser

)19

Ser Leu ser
10

ser Gln Gly
Lys Ala Pro

val Pro ser
60

Thr Ile ser
75

GlIn Tyr Asn
20

Phe Gly Met
10

Ala

Ile

Lys

45

Arg

ser

Ser

Asp

ser val Gly
15

Ser Ser Trp

30

Ser Leu Tle

Phe ser Gly

Leu GIn Pro

TYr Pro
95

val Trp Gly
15

Phe Gly Met Asp val Trp Gly
10 15

Phe Gly Met Asp val Trp Gly
10 15



<210>
<211>
<212>
<213>

<400

20

66

24

PRT .
Homo sapiens

66

Gly Thr val Thr Thr
1 5

TYr

Gly Thr Thr gST Thr val

<210>
<211>
<212>
<213>

<400>

67

25

PRT

Homo sapiens

67

Gly Thr val Thr Thr
1 5

_Leu Gly Thr Thr val
20

<210
<211>
<212>
<213>

<400>

68

25

PRT

Homo sapiens

68

Gly Thr val Thr Thr
1 5

GIn Gly Thr Thr val
20

<210>
<211>
<212>
<213>

<400>

69

12

PRT

Homo sapiens

69

Pro Thr Phe Gly Gly
1 5

Tyt

Thr

Tyr

Thr

Gly

val ser ser

9f19

25

Tyr Tyr Phe Gly Met Asp val Trp Gly His
10 i5

Ser Ser

Tyr Tyr Tyr Phe Gly Met Asp val Trp Gly
10 15

25

Tyr Tyr Asp Phe Gly Met Asp val Trp Gly
10 15

val ser Sser

Thr Lys val ﬁgu Ile Lys



