WO 2011/ 039724PCT/ 1B2010/ 054422 1 ANTI BODI ES THAT SPECI FI CALLY BI ND TO THE
EPHA2 RECEPTOR The present invention relates to an anti body or an

epi t ope- badong3pragnent thereof that specifically bi nd®CraBzmo/EIY
receptor. It further relates to a conjugate conprising a cytotoxic
agent that is covalently bound to 5the arftibody and a method for preparing
such a conjugate. BACKGROUND OF THE | NVENTI ON Cancer is a di sease

characterized byaNTEOBIES! 1T BPECIFIEARL Y BIND RS YHE E¥HAS RECERGrRNt Si gnal
transducti on. THe DSt danger ous Tof M Of cancer are nalrgnant cells which

have the ability to spread, either by direct growh into adjacent tissue
t hrough i anE?@Fﬁse”tl'ov%}t'owe'?%lt%ﬁ@ aptikodyion 2 egiteneshipdiag fré%mB@/t therealt asi s.

Metastati c @pkkgediufy BRI RAEPRIS RBEHtbEY tO break away fromthe primary
tunor, translocate to distant sites through the bl oodstreamor |ynphatic

system andH%oI oni ze di stant, and forei gn m croenvi ronnments. i S nogw cl ear

. . t | t
that the EpH 'HISEERIPIES 1R EONHIRIP FRAPIIHING A L¥lRlaxIGaaanb ak (3 arvalgbRUSH 0 Eph

receptors akf ntiwbipae & aettad fof prlepe@iY QUchlydddfigar. ki nases (RTK), the
| argest in the 15genone, consisting of fourteen receptors, divided into two

groups A an i nier 1 L.ght nenbrane-bound ephrin |igands
(Pasqual e, %Aﬁ(égayND 6%6%%'%@#5“Revi ews Mol. Cell Biol., 6. 462-475).
Bi ndi ng of h receptors to their |igands induc receptor. clusterin

St vati on Saneis g Bisgass ofagctotdes iyl BeRR R P e B BB R ST ¢ ne
cyt opl asmi c sigasaeransda@iiohyTHEsmost dadgedue formerof 8indeg atoklighantedliesvhichr a
nunber of 20si gnal i n rot eins. (Kull ander .._.and. Kl ei n , 2002, Nature
o ovis. o NS sty ©'sBigay Stes By PRE R i B R gt gl Igasigh
2004, Ceb!| st pypmhplantditon ibTGHEG s)tes B aTetassts SMetdstatic dehle hiyphdeyuired éet or has
been reported.i ancers qQf the ovar br east state, lun col on,
oesophagus. apiiyde BEER Wiy (8 B bR sioehledd B st Bn B8 0 ve a
posi tive regldodsteganobr Ig@bhatiy systen, and colonize \ditarit andedreigh afitroesVitodments.
25(Landen, C. N. etal., 2005, Expert. Opin. Ther. Targets, 9 (6):

1179-1187) . ItAs nok elebothabbeADh moleaneetrehashaldio disease statessubleds caicece EphA2

A e T e T
éBOﬁ- 23?5|) , gmmooé,mréfag?fofSQM_ : rITemmoh ; reﬁdiﬁsz(:atssli(stmlcxgédmmlﬁlahd 8i trl%eSintdraa:tden,
. N etal., . : in T : ; - :
30Furt herrm}’vét,% efg%&[:ng |r?{be'%?ﬁ%8eer?88n E%%ﬂﬂjézF gsotut%e[, %Eéhéffl'i’ éaﬁ%\]&\é%\’/r d in tunor
VDL Cancer Fos gt Cheng atal o g00a oDl act e (SN 445 ATE
. S, ., c2-11; . , S| : - :
Dobr zanski §t&P©" C%‘ﬁéﬂf‘g’ﬁﬁg@pﬂ F?ZE'.”?S%ﬂ‘?z“"g&@-”g%@??eq% nasBrios oty A
§01|1{ 0ﬁ972:1Bﬂﬁtbbﬁasgflj\(ggglfﬁkﬁﬁaﬂqé?rm?ﬁ@m{]eﬁldaes,mn?mihgaﬂpbm;}%gi@ fbeenymlbewsf to
e lin 0. its a 10 IS T
ht er natd ze oot RN Prasdtl & oD KW R0, Rhfife SBURRs yToul B it 2
denonst r at ed75-dd6d¢aten,ud.Oaed Pasdudlbet.65. 02004aCelirighalt, €$: 655-66@2).cel |

surface. It is currently thought that this kind of nodel m ght contribute
to t he 5hi glverexguessioy cbthelEhA2 roseptentasdesn oepdried daoareery dfdneleveary,C. N. et

oy be. mor e EaRpPLoE ki, SPlan. AR, onhfoey. prlR ek R T o
ki nase- depemdsistiggested torbeepporilaetregulaiot ofared growth and supivaginesaigoant(detisig W
B.. 20035 ONCQAERE:. M4t of S5/ Bt Opin. Ther. Targets, 9 (6): 1179-1187). A role for

EphAZ2 in cancer has also been described, since EphA2 overexpression alone is

sufficient to transform mammary epithelial cells into a malignant phenotype (Zelinski et

al., 2001, Cancer Res., 61: 2301-2306), and increases spontaneous metastasis to

distant sites (Landen, C. N. et al., 2005, Expert. Opin. Ther. Targets, 9 (6): 1179-1187).

30  Furthermore, increasing evidence suggests that EphAZ2 is involved in tumor
angiogenesis (Ogawa et al., 2000, Oncogene, 19: 6043-6052; Cheng et al. 2002, Mol.
Cancer Res., 1: 2-11; Cheng et al., 2003, Neoplasia, 5 (5): 445-456; Dobrzanski et al.,

2004, Cancer Res., 64: 910-919).



Agoni stic anti bodi es have been devel oped which pronote EphA2 tyrosine
10phosphoryl ation and internalization, ultimately resulting in inhibition
of tunor wel2igsemth ( Dodge-Zantek etal ., 1999, Cell G oarhBI1ODIhzxy ., 10:
629- 638; WD 01/12172, WD 03/094859, WD 2004/014292, WD 2004/101764, WO
2006/ 023403, WD 2006/ 047637, WD 2007/ 030842). Application WO 2006/ 084226
di scl oses anti bodi es which neither increase nor decrease 15EphA2 ki nase

activity bUPhééJﬂwo%ﬁﬂ%Wcﬁ EBhAD FRS BE&WsHoWPH Helinke PIAld dRhahh@NTyldeeVer ,
there is no indication therein that these anti bodi es prevent ephrinAl

bi ndi ng to PReshherdgied Friafvisirapidliirteeghizadant fateddercdporgsiation pHuEedfor y| at i on.
The use of aﬁﬁﬁ&eﬁb@ra't&j @MAzb&@ﬁ@rfstr%% r@&%d%@&%ﬁ%ﬂdltﬁbr@@r@%ﬁ%@é& but

no actual antibody was disclosed therein. Antibodies recognizin

whi ch are gdiuieiSUERsaddn PeTentiyaiaiopbihabihisdert el meds! mugf\ﬁ\e)@obetﬁgqé@m as

vel | as @U”ﬂ@hﬁ’%ué!@éy'cﬁ@pﬁAQ%de@QﬂieQQéﬁ fScanbsr (@QiﬁdenT@eNeeﬁéﬁ bbosli eﬁnd
derivatives thereof i'nhib phA2 ki nase- dependent tunor cell o]
F}?@@ﬁ'@ﬁﬂents

Never t hel es&pin Hople Taegeés, |9I (ﬁ) é1ﬁ%éa8?)o‘f|0\ﬁ6%4 regiify maEyfRecaeieHee
whi ch can be,ddpedhth Be&ANS fldidahes Wfor%@hwmd%enﬂéﬁt éﬂWﬁMépgNdéﬁt is an

object of the invention to provide new agents that specifical I% |nd to
cl ass A EphfunebenstiBiumerRrrg ersiam €rang WiRh 2G5, éﬁwmeneaﬁﬂ {499 15668)-t h
cellular activity of the receptor by antagonizing the receptor. Thus t he

present i nvAEPNisHE anibpdige Savmbeanoinvaorss Whichqiemete BRGRLWOSINRat recogni ze

the Ephfg@ rEﬁ@wh@wlat@h%enrﬁ@ﬂnﬁniyaaﬁmmrﬁg@lﬁeém.h@rrh.tﬁﬁoracsftt@fa@meﬂb%m said
recept or. ese anti bodies are devoid aJ(?Onl St actlvit

enbodi nent , (PegeAANHoRNA-of 9%h CefliGree- %P n o8P VQ %/ﬁébp %Ot he

present | nV@BﬁOQ@SB@WEDQO@ﬂ@WQQZ' QRS Lo €0 1783 YW Paiero 203 alvd &Rsl0496887, | ght
chain, said heaVéHc ain conprising three sequentl al

conpl ement alY®@ yOREPe066i2hi ng regi ons having amino WO
2011/ 039724PCT/ 1B2010/ 054422 3 aci d sequences represent ed by SEQ ID NCS: 1,
2, and 3, af@rialien WQRPOVPEG2T0 dhnnsee PREPife SLRribA | igfeate nordecreass

conpl enpst ag hmdmb@éa@tm gutreﬁglca |8 8Nip@dAGItMAESEI reRSHESH: BRWeSH, esent ed
by SEQ ID NOIFS) y' ES@Oeferrﬁtfalbg ?bo |men'?) sald anti body or

epi t ope- bi nmeﬁ%'sfqod@ﬂ'g%tontth‘erﬁ@otf‘a‘i thesp WW&H‘P%@EP‘@P" erbeipAl Rdlg tPihean even

Snore pref ePédégto?ﬁh@mhmrgphrlﬁ)ﬂﬁ-lr{d@@e’d’Eﬁm Bhdeh@@la(ﬁo@”]tHehﬁ@)bf@htagonlstlc
epi t ope- bi ndi ng fragment thereof aci d sequence

consi St1ng. BAKSESSITBSEEN PPOSHY N WS $I04IH0250i vt B 2ckPLPIROSHNEY or

epi t ope- bi ndisB@séd %F@i’rﬁ]tArmB@dl@@fec@QtﬁiﬂhgE‘bﬁA@ﬂ/hﬁmd?@ gekiiifle SEEAYEMSE have
consi sting of SEQ In a further enbodi ment the eavgatchal n of

sai d anf? boH?e%Q%SCQHe%m WQ 08P 198G L e EsdanFeRcRrians aaA GORHEAPS ght

chain of saitéredit ThRdunbBSdig arNddivat@sdhsreatirRieR EDRFAR kiRadHeddndehtn anot her
enbodi ment, the said antibody or epitope-binding fragnent thereof is

conj ugat ed W%{C@i}@&%k&. c agent. It is ther ef ore an aspect of this
i nvention t vi d onj ygat e of th resent .invention or
o oni t ope. Refumacs, Befrncits paef lsrovelnbr e rag e mea R pE e AR Reba
bound cyt ot di;d:m&@ﬁﬁér teérapgn bet ween:

25 SUMMARY OF THE INVENTION

It is an object of the invention to provide new agents that specifically bind to class A
Eph receptor family members, such as EphA2, and inhibit the cellular activity of the
receptor by antagonizing the receptor. Thus, the present invention includes antibodies
or fragments thereof that recognize the EphA2 receptor, preferably human, and

30  function as antagonists of said receptor. These antibodies are devoid of any agonist

activity.

In one embodiment, the antibody or an epitope-binding fragment thereof of the present
invention comprises at least one heavy chain and at least one light chain, said heavy

chain comprising three sequential complementarity-determining regions having amino



t he conmpound of forrmula (XII1): (XI'11) the conmpound of formula (X V):
the conpound of fornmula (XXIV): (XXI'V) the conpound of formula (XXV):
WO 2011/ 0802811RGT24B2010/ 054422 5 PCT/IB2010/054422
(XXV) 5the conpound of fornmula (XXVI):

(XXVI) 10and the conpound of fornmula (XRVII): WD

2011/ 039724PCT/ 1 B2010/ 054422 6

acid sequences represented by SEQ ID NOS: 1, 2, and 3, and said light chain
comprising three sequential complementarity-determining regions having amino acid
sequences represented by SEQ ID NOS: 4, 5, and 6. In a preferred embodiment, said
antibody or epitope-binding fragment thereof is a humanized or resurfaced. In an even
5 more preferred embodiment, the heavy chain of said antibody or epitope-binding
fragment thereof comprises an amino acid sequence consisting of SEQ ID NO: 12, and
the light chain of said antibody or epitope-binding fragment thereof comprises an amino

acid sequence consisting of SEQ ID NO: 14.

In a further embodiment the heavy chain of said antibody has an amino acid sequence
10 SEQ ID NO: 18, and the light chain of said antibody has an amino acid sequence SEQ
ID NO: 16.

In another embodiment, the said antibody or epitope-binding fragment thereof is
conjugated to a cytotoxic agent. It is therefore an aspect of this invention to provide a
conjugate of an antibody of the present invention or an epitope-binding fragment

15  thereof, wherein said conjugate comprises a bound cytotoxic agent chosen between:

the compound of formula (XIII):

CH3 0
N
O

20

25

(XIIN

the compound of formula (XIV):



(XXVIl) 5 1n a preferred enbodi nent, the conjugate conprises the conpound
of fornmula (XIIl) as the cytotoxic agent. In a further preferred

enbodi merwg 20he3pmaber of mayt ansi noi d nol ecul es bound PET/IBNL)/DIAI2

nol ecul e (DAR) in said conjugate is conprised between 4 and 7 mayt ansi noi d
mol ecul es/ anti body nol ecul e, sai d DAR being deternined by 10neasuring
spectrophotonetrically the ratio of the absorbance at 252 nmand 280 nm In
anot her aspect, it is provided a method for preparing a conjugate which
conprises the steps of: (i) bringing into contact an optionally-buffered
aqueous sol ution of a cell-binding aggn% hQa sol utj on of a cytotoxic

compound; 15(ii) then optionally separ at gt nj ygat e ich s forned
in (i) fromthe unreacted reagentisianganhy a§grpRgat f esent
in the solution; wherein the cel]-bfT™ ng age (i>s an Anti body acdording to

clainms 1-3, and a cytotoxic agen 0sé&n between? the conpound of formula
(XVI1): WO 2011/ 039724PCTAlL B20137 052422 7 10(XVI'l1) wherein Y is

N-succi ng m dyl oxy, N-suyl fosugci i gidyHoxy, N-phthalim dyl oxy,

Nsul f opht hal i ni q%{(t By e phegyT oxy', 4-ni trophenyl oxy,

2, 4-di ni trophenyl oxy, sul f ony144- nj#t ophenyl oxy, 3

- car boxy-4-ni trophenyly i m dazol /tr hal ogen atom 15and the conpound

0]

N
H

O
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10 (XIV)

the compound of formula (XXIV):

20

(XXIV)

the compound of formula (XXV):



wherein Y is N-succini mdyl oxy, N-sulfosuccinimdyloxy, N-phthalimdyloxy,
Nsul f opht hal i m dyl oxy, 2-nitrophenyl oxy, 4-nitrophenyl oxy,

2, 4- di ni twophawgbmny, 3- sul fonyl-4-nitrophenyl oxy, PCT/IB2010/054422

3- car boxy-4-ni trophenyl oxy, imdazolyl, or halogen atom WO

2011/ 039724PCT/ 1B2010/ 054422 8 Cbnjugatés obt ai nabl e by said nethod are
conprised within the scope of this invention. In particular, such conjugate
have a structure chosen between the structyres of the formula (XV): ( XV)
and of the formula (XVI): 15 ( XV 8 rein Ab is an anti body according
to the present invention and i I nt 8gerN P e en 1 and 15. In
a preferred enbodinent, nis c i sed betwelen 4 land 7.Jalln anot her
preferred enbodi ment, the cepj of the invention has®he structure of
the formula (XV). WD 2011/0 / 1B2010/ 054422 9 The affinity of the
anti body of the igyventiqp of epltope bi ndi ng fragment thereof for the
antigen is not, af ect%d by B\ G jugat| on process; on the other hand,

conj ugati on 0T % : o ¥ antibodi es of the prior art results in
a decreased affi el said antibody or epitope-binding

I n\@ntion, when 5conjugated to a cytotoxic

agent, shows nore |pot ‘ 3 e selective at killing
N o

(XXV)

5 the compound of formula (XXVI):

(XXVI)

10 and

the compound of formula (XXVII):



tunmor cells expressing EphA2 than the conjugates of the prior art. In
addition, the conjugates of the present invention display advantageous
phar macokWwoebii3praeperti es over the conjugates of the pPCBABAMO/P5482ch as a
sl ower cl earance, a better exposure, and an increased stability of the
conjugate in vivo. Such properties mouIdGbe particularly 10useful, al ong
with the high cytotoxic efficacy and selectivity, for developing a
medi canment which is both safe and efficacipus. Therefore, the invention
enconpasses a pharmaceutical conpositio 0 a @ﬁtl t he
i nvention or epitope-binding fragment thefe 2nfﬁg??\%i§|J ereof, and
a pharmaceutical ly acceptable car\ier exci pi ent ant i & es of the
ts thereof, or conjugates thereof,
ticolar, they can be used to nmake a

i nvention 15or epitope-binding fr
can be used as a nedicanent. 19 p

medi canent to treat cancer. In ferred enbodi rent, the said cancer is
chosen between cargjnoma, dnclgfding that of the bl adder, breast, colon,

ki dney, liver, | ung pancdgagaH st omach, cervix, thyr0|d and skln

i ncl udi ng squeds 5 qeﬁatop0|et|c tunors of 20l ynphoid

| i neage, includi nphocytic | eukem a, acute

| ynphobl asti c | et g, T-cell |ynphoma, Burkitt's

| ynphoma ; henat opgi 0i d |ineage, including acute and
chroni c nyel ogenous ocytic | eukem a; tunors of
mesenchymal origin, ‘ corfd, rhabdomyosar coma and

ost eosar coma; ot her tlunors, i &l udf mel anoma, sem nona,

25t erat ocarci noma" thyroid Pﬁlllcu ar cancer, xeroderma pi gnmentosum

ker at oact ant homa; tunors of the central and peripheral nervous system

i ncl udi ng astrocytoma, neuroblastoma, glioma, and schwannomas. FlI GURE
LEGENDS Figure 1. Sequences of the CDR, the VH and the VI _ of
mu2H11R35R74, and of the VH 30and the VI_ of hu2H11R35R74. Figure 2: HRVB
spect rum of hu2H11R35R74- PEG4A- NHAc- DVA using net hod C (exanple la.1.)
Figure 3: HRMS spectrum of hu2H11R35R74XXH34- Mal - DMA usi ng nethod C
(exanple 1b.1.) WO 2011/039724PCT/ 1B2010/ 054422 10 Figure 4: Kinetics
anal ysi sdof the phosphoryl ati on of EphA2 in NMDA-MB-231 cells. WI: wild type
untreated cells; MN nol ecul ar wei ght marker; P-EphA2: phosphoryl ated Epha2
Fi gures 5A #nalpaierraderipddiment. thie aohjpgptecpiioisgs ﬁteiqomp@ﬂncEpthzndat(élﬂl) as

VDA VB 251 5 PR oo g P i B P A nRgoreeriR i g

mar ker; P- Emoﬂ@ulqsrb@gpdmewrdnbedw Boleslle (PARIMesadd cayiastioisi commeised between

hu2HL1R35R7 | | ed
Clul’ cles: éapﬁ%%ﬁgg%%@;’% esfa'nLl&%&lrﬁblE@éﬁ%@%eﬁ%ﬁtérﬁ%ﬁ }} Ti ﬁe
pl ot (sé@n megavrindsnestrepiwtenetrieally dheratiatof the abEOtblaecerebZﬁZmragné%O nm.

In another aspect, it is provided a method for preparing a conjugate which comprises

the steps of:

(i) bringing into contact an optionally-buffered aqueous solution of a cell-binding agent

with a solution of a cytotoxic compound;

15 (i) then optionally separating the conjugate which was formed in (i) from the unreacted

reagents and any aggregate which may be present in the solution;

wherein the cell-binding agent is an antibody according to claims 1-3, and a cytotoxic

agent chosen between:

the compound of formula (XVII):



concentrations (n=2) of hu2Hl1- SPDB-DWV4 after a single dose intravenous
adm ni stration of 20 ng/ kg of i nmunoconjugate in HGS to male CD-1 m ce. The
total cormwenoriaBda of human 1gG (filled di anonds) and Ph@/IBZN{/OFFALE
fraction (open squares) are shown. 15Figure 8. Tinme plot (sem-logarithmc
scal e) representation of the mean plasma’concentrations (n=2) of
hu2H11R35R74- PEG4- NHAc- DMA after a single dose intravenous adm nistration
of 20 nmg/ kg of immunoconjugate in HGS to nale CD-1 mice. The total
concentration of human 1gG (filled di anonds) and the conjugate fraction
(open squares) are shown. 20 Figures 9A : paraneters for
hu2H11R35R74- PE&4- NHAc- DM4 at vari ous DARs/ Ba r peseni at jyon of the
exposure to (AUC(0-inf); figure 9A)\ang cl earance i gure of

several ADCs as a function of the D ter a single dose i nt rav@nous

adm ni stration of 20 ng/kg of i onfhgate in HGS to nale CD-1 m ce
(n=4). 25Figure 10: |IIustrates é e ppi ng of EphA2 epitope for Fab2H11.
Figure 14: is the seq EphA3 mhﬁreln residues in dark grey are part
of the epitope; L€ ey are not visible in the crystal
structures. Figure 5 the gverall structure of the conplex
and figure 12B is a S part with the two Fab nutati ons.
30Figure 13: is a reprlesents the strlictuye of the paratope. Figure 14: HRMS
spectrum of hu2H11R35R Pk ! 2011/ 039724PCT/ 1B2010/ 054422
11 Figure 15: HRVB spectrunrof hu2H11ﬁ§5R7 PEG3- NHAc- DMA. Figure 16: HRMS
spectrum of hu2H11R35R74- PEX4- Aldyl -ONM. Figure 17: HRMS spectrum of
hu2H11- PEGA- NHAc- DVA. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5Unl ess

ot herw se defined herein, scientific and technical terns used in connection
with thedpresent invention shall have theXv#ani ngs that are commonly

under st ood by those of ordinary skill in the art. Further, unless otherw se
required by context, singular terns shall include pluralities and plural
terms shall include the singular. Generally, nonmenclatures used in

connecti on whetgin ?ériﬂthselctinihqdmyoN sutfesuccamimaidylpxs eprdbdlimidyoxyl Olrol ecul ar

chem oy andRy B eIy ohh B Ba Fhi BB SRR RHES cnd” ¢
comonl y useulfdnryl-4-héroahenyl<$dye3 prastodXyedenitrbphidmylopy deélaizolyin vendlogam aimrml; oys,

unl ess heg ,se indicated, conventional techniques of nol ecul ar bi ol ogy
(i ncluding reconmbi nant techni ques), m crobiology, cell biology,

bi ochem str 993 I ch are within the skill of 15the art. Such
t echni ques ﬁre 4 arneg)ﬁg%ﬁxw“f the literature, such as Ml ecul ar

Cloning: A Laboratory Manual , second edition (Sanbrook et al, 1989);

A i gonucl eoti de o
S %
N/\/ILN/\/%O\/ﬂ\n/Y
H 4
o) o)

20

25 (XVIII)

wherein Y is N-succinimidyloxy, N-sulfosuccinimidyloxy, N-phthalimidyloxy, N-
sulfophthalimidyloxy, 2-nitrophenyloxy, 4-nitrophenyloxy, 2,4-dinitrophenyloxy, 3-

sulfonyl-4-nitrophenyloxy, 3-carboxy-4-nitrophenyloxy, imidazolyl, or halogen atom.



Synthesis (M J. Git, ed., 1984); Animal Cell Culture (R 1. Freshney,

ed., 1987); Methods in Enzynol ogy (Academn c Press, Inc.); Current Protocols
in Mol ecuwanoBisbrgy (F. M Ausubel et ah, eds., 1987, &Q0/IPzM)/0H22
updates); PCR The Pol ynerase Chain 20Reacti on, (NUIIis et al, ed., 1994);
A Practical Guide to Mlecular Ooning (Perbal Bernard V., 1988): Phage

Di spl ay: A Laboratory Manual (Barbas et al., 2001). Enzymatic reactions and
purificati ogohpghs %B?a%a%[éab)pﬁlc‘j ﬁfem%fé: RE eerhghgwj WithifBRWCBs4 Bf B iSvention.
specifications, ‘as comonly ‘acconplished in the art or as described herein.
The nonencl At RRTEGUIRIS 8Eh GonkiSAleRAVE G tiniciuRe C%ﬁ?@”tblﬁ?é"’qeé.‘ﬁb‘? arestyrepobbedur es
and 25technhgmg%(gw anal ytical chem stry, synthetic organic chem stry, and
medi ci nal and pharnaceutlcal chem stry described herein are those well
known and conmonly used in the art. Standard techni ques are used for

chem cal syntheses, chem cal anal yses, pharnmaceutical preparation,

formul atson, andrdelivery, and treatnent o atients. New anti bodi
fragments thereof, capable of specifically i he Ep Ag 30r Ny, and
ant agoni zing saifd receptor are herei N pr ed. Inp F?FegT vt ove
anti bodies or frpagnments of the inventNermspecifically bind Eph r tors on
the cell surfacef but are preferen® allly @evoid of any agonist actiyity. On
the other hand, fhey are capable of>nNbiting the cellular functions of
the receptor evep in thel pr Qof it WO 2011/ 039724PCT/ 1B2010/ (054422
12 ligands. As used,hergin, (tHg t & MLE A2 receptor” refers to at

ki nase bel ongi ng| to 1 f ly (reviewed in Pasqual e, .
etal ., 2005, Natpre Rg H 6, 462- 475), and conprifsing,
for example, an am no 3¢ Gembank accessi on Nos NM 004431
(human EphA2), NM 010139 , NXM 345596 (rat EphA2). |Human
EphA2 is a prefefred Eph» 1 S Tht te<m1"EphA2 | i gand"” as use herein
refers to a protein that amgﬁﬂnlonally activates (e.qg.
stimul ates t he autophosphoryl ati-6n of ), an EphA2 receptor. A preferred
EphA2 ligand herein is "ephrinAl", which binds to the EphA2 receptor and
conprises, for 10exanple, an am no sequen@®)as in Genbank accessi on

NM 004428 (human ephrinAl). The term "antagoni st" as used herein refers to
a nol ecul e wahd ohthedoromtea(®\8): of i nhi biting one or nore of the biol ogical
activities of a target nolecule, such as an EphA2 receptor. Antagoni sts may
act by fmterfering with the binding of a receptor to a |igand 15and vice
versa, by decreasi ng EphA2 phosphoryl ation thab coul d be induced by a

| i gand, and/or bE—4nh|b|t|ng the intrac athwayg that are induged by

t he bi ndi ng of such ligand, and/or by i b|t NON

hono/ het er o- ol i goneri zati on of EphAN ept ors. e anta nhy/N}lf
tions or “gay substantlally reduce

intervention by an antagoni st shal

conpl etely bl ock| receptor-1igandoi nfer

such interactions. All such pdlﬂjV%g;

be 20consi dered fequi vatient; for mirposes of this invention. Thus, inclyded
within the scope| of th eHantagonlsts (e.q. neutraI|Z|ng

ant i bodi es) t hat|-Di EphA2 |igand or a conpl ex of |an
EphA2 ré¢eptor and E ~Hcid sequence variants or
derivatives of an Eph ph&2 |igand whi ch ant agoni ze the
i nteracti on between an Ee/ gigoEphAZ | i gand; sol ubl e

(XVI)

25 wherein Ab is an antibody according to the present invention and n is an integer
comprised between 1 and 15. In a preferred embodiment, n is comprised between 4
and 7. In another preferred embodiment, the conjugate of the invention has the

structure of the formula (XV).



25EphA2 receptor or soluble EphA2 ligand, optionally fused to a

het er ol ogous nol ecul e such as an i munogl obulin region (e.g. an

i mmunoadheei2nd1je3g72¢onpl ex conpri sing an EphA2 receptor PATABXO¢IAH220ON Wi th
EphA2 |igand; synthetic or native sequence peptides which bind to EphA2
receptor or EphA2 Ilgand In a preferred9nbodi ment, the antagonist is an
anti body. 30The term "agoni st" as used herein refers to any conpound,

i ncl udi ng amégﬁﬁlt\poftﬁeeﬂhw&@mmnv@me%& biRopedsindihy fr é’nt tRdreiThi thady
fragment, a conjugate, a large nolecule, a small nolecu capabl e of
activating 8REIEHS Retaffested:ly h%pw@@at@amr%@@ﬁ Mt the ether h@'hda Cpalﬂg@ttonrﬁflaecul e.
EphA2 agoni gistoklagaMt t%tdnﬂ%d?éé Hh® PRSTAMK! B ih Qi eRfedsBE affin hAj_aer eby
triggering degradation of said grot ein. WD 2011/039724PCT/ 1 201 /054422 13
Thus in a pre¢é&pidaatieetysioripre-PiRding freg@snt thareehefl tba PNt ineantioanwity ot her
featuresg a%mu&ﬂ&ﬁ% M%ki@%@lentagﬁd\&oﬂb@poté\ﬂiy'a'hﬁl?@ﬁ\%ré‘%‘l@é’iwé %dk.umg

anti bodi es, and fragnments of the anti-EphA2 anti bodi es. Each
ant i bodi es &HePrets W?Ssﬂri@a%@%ﬁ@awhet%@%a@éﬁﬁhq PiRs Btti @rﬁqdﬁ'oﬂe@ﬁgned to

speci fi cal | ¥okig5088bZBe pReehi |H%ﬁt|€ﬁ d%BM%dW%@@écﬁfs ph%ﬁfﬁéjcoﬁﬁﬁ%ﬁc al%péﬁlegphAz
recept or antagonlst inhibiting t phosphoryl ation induced EphA2

i gands. Theverdhaoonieqaipy @frth%ér'@rﬂj% stigh as @amvweycleﬁrapéeeapl@%termre and

cytopl asm cgh ﬂn\drea%@@%i?al%ﬂu"t)b’éﬁﬁé B6hjliGaté ﬂﬁ\h&‘@%%@h %FépﬁﬁléS'V%Wb@belﬂ&lyt 0
interact with a variet adapter and signaling proteins eading to the

activatii®n gsefdi ploag s t%mgwt@mﬁ%@ma@mnd §e|§i3f@/ﬁ&|fph§evﬁktpﬂﬂ9a§/

(Kul ! ander, M@dl(}%ﬂﬂznm\/ﬁl’cﬂis t%th s&@%d eﬁ’ﬁfala'lbﬁs Revi ews Ml . Cell Biol.
3:475-486; Noren, N. K and Pasquale, E. B., 2004, Cell signal. 16:

655- 666 ). ABergiose, the pRtion ensompansesEPIMAGRItisecPMAOgIHAN CaRfeiningrasy s t o
al | the cel bpigydy @Y 8ltisveMibs Br 8Gpe- uma.rrge@aﬁg?ﬁ@ﬁtﬂé?eéfl Wébrﬁé!q;é@é Marddy, EphA2.

Whereas anti bodi és disclosed in the prior art oni ze the receptor,
and, in par 8N¢aIPRRTMIGed ey @Ceenially Forsipher xR pTH@r%ﬂt'H@‘i“%Ofdf‘eﬂr}YémEﬁhAz

prot ei ny5t her gflidp Q%ﬁﬁfﬁé&n@fﬁé tHeRsby, dricaaigaes tdredfhEan B @M £ ar e

preferentiall y dev0| d any such ag}gnl stic properties. In particular, they
are unabl e Mgdicement-An @a@&Hmtf]ﬁMd@ﬁ \Hsgd ’f%wab@am%#*ﬁ?@?%@ trqqt gangaRen’

anti bodi es G%‘Fé?éir@@@mbﬂd%n?@r%éé?&-@é&%r .st&ves&nba%eh ehichofiat inleRdingshand

anti body fraﬁgents of the invention are devoi d of any agoni st activity. In
a speci fi c ehh6MangdgE Praasbyrolnekidorinirirelupg %ﬁa’nﬁ@@cr?% §¥IMsh, cervix,

phosphor yl at{yaild ahd aﬂhﬂaclu&ﬁg's&@ar%d%%ell%ﬁfidlm %n‘?eﬁé&dlétr&(jmbfk dthe prior
art (Dodge-Zant ek et al 10: 629- 638; WO

01/ 121720 WITRoEdingsgs. 'Wydzmn@;lqueg@cutwwmmewﬂmumm'a WeHiSOUBPIRIREES, WO
2006/ 047637 e, WQnROBTLA 3064 BIna, Tie 1jripteshid, Burioi o KindRBmaC ifataotargoni sti c

anti - EphA2 anti bodi es. ‘'The anti bodies and 25anti bo fragnents of the
i nventi on hii{feors I%mélﬁ'ﬂdl“t”?a% inGhicling 2GuiRyaehehresic Inye; ef‘ﬁ‘r‘ﬁ:‘?P'&ﬁ@'aﬁﬁ”‘i' he

EphA2 1 ecepbrimyefdtdiic leQkdhia; RARFEHCRenchiall drigdnfheiudingSdirskakdf2 receptor,
e.g. ephrinAl. In one enbodi ment, the antlbodies and anti body fragnents of

the i nvent i HiRPEaRYPFHFHNZ a?%QStBPﬁﬁHPCP{'@a S¥hex YmeggniCcuging M IRDe. SEEEIN,: . | n

a pref eps ed@apesticiBmMa, | ﬂwpl%lobl‘ofﬁ@ulalgcéﬁceﬁ%fdd@ﬁﬂa E@nﬁﬁf&ﬁ@m‘ s prevented by
the anti bod| es and fragments thereof 30provid this invention.

Remar kabl y, KPiRtoasnHOMae fspefs RE e, copia a&‘ﬁtﬂeﬁBH‘?réls”eéﬁ‘aJsaﬁYﬂeﬂbW'W@grrent s of

the inventi garedyRnsaRalioBla@iond)dlidthh 4Md donivashdieasohosphoryl ation of the
EphA2 receptor, "even in the presence of ephrinAl.

FIGURE LEGENDS

Figure 1: Sequences of the CDR, the Vy and the V| of mu2H11R35R74, and of the Vy
30  and the V, of huzZH11R35R74.

Figure 2: HRMS spectrum of huZH11R35R74-PEG4-NHAc-DM4 using method C

(example 1a.1.)

Figure 3: HRMS spectrum of hu2H11R35R74-PEG4-Mal-DM4 using method C
(example 1b.1.)



Anti bodi es The term "anti body"” is used herein in the broadest sense and
specifically covers WO 2011/039724PCT/ 1B2010/ 054422 14 nonocl ona

ant i bodi eso@ongizem4ng full | ength nonocl onal anti bodi esPCHiBzMY03492% ype
such as 1gG 1gM IgA 1gD and IgE, polyclonal anti bodies, nultispecific
anti bodi es, chimeric antibodies, and antibody fragments. An anti body
reactive with a specific antigen can be generated by reconbi nant net hods

such as sel efhireQ: RineliéPsiysRSofe bl‘?&‘bﬁ@ﬂy%ﬂﬁ oﬁemAiomdM@A NMBL2BN 3G, T
simlar vectors, or by imunizing an aninal wth the antigen or an

ant i gen- enc¥éd ﬁ@enunéﬂeeieé cgtis: MWamplgsilagyveight mpea P Ep paRindzted wo
i dentical hegmyochains and two identical light chains that are joined by
di sul fide bonds. Each heavy and light chain contains a constant region and

a variabl e Fﬂﬁjr@glsA/é%dtwdnmgt.@m afthevhbs&foryléﬂdndfg ﬁA§ aftér .hmtlé% riable
regi on of an 1 nmunogl obul in heavy chain an anti includ |n the heavy

chai n ofSan EPO””'%%'I':WGSHW\YG'VF)@H“ I3 1299 Q?J'S ﬁ@@”ﬁi"% 41 celRdpRE WHEe 1o

"W oor "VL" wigh@euntrRatel @eNaMAPINGIctaE RBigAT mbk&r; IFTEMMOE ABsHOR IAtkght chai n
of an antlbodég&%ngluglngethe Ilghf chaln@ofman Lv seva dﬂ%yalFab Fab'

or F(ab') 2 £PBOEeNnt . Each variabl e region contains three segnents called
conplenentarlty deternlnlng ypervari abl e

regi ons", whIRHE & EYoladraqiivly ?fgyBHﬂéRéﬁ%WBlféﬂrMﬂr%“ srnalbilied sEcles: an

antigen. Thewmpe:e, 75 fidedrcRtIRE T BAR =07 @Sas@IMparédizhu2an d-FEEB Man piviaer ed
sequentially fromthe N-termnus. The nore highly conserved portions of the

vari abl e r egiqure 7aTenec @bl (@gmegarutﬁm@my) keﬂr@éﬁrﬁkﬁl@n of teFmgan giaemyar i abl e

dormai ns of native heavy eac rise four FR regions,
argel 'y adoBoTRIvale rara oL 2abt SRORAR4 e Gha SBERsEs RAGnety co- CORS,

which form b@mﬁﬁst@ﬂarm@ﬁio mg/kgfvﬂdnﬂn[lnmg@%ﬁﬁﬁGQfdma@ G tmigé. THeh@taI
bet a- sheet structure. ch chain are held together in close

proximty byowqa%@trﬁt@w%wm?@ g dfillegi digmengs) @ﬁh@%@&%@ﬁér%'%@p@ﬁm n,
contri bute &gudrb® dresp®tih.on of the antigen-binding site of antlbodles (see
Kabat et al., Sequences of Proteins of I|Immunological Interest, 5th edition,

Nat i onali5 | nFigureBe Tipde @5t(eadnt dgafanitessde) rdflessh@Ribh. ofTHlaemé@rnﬂerﬁb domai ns

are not invol ved dlrectl i b n anti gen, but
oxhi bt var PRGN RIS Brha et DS aRe aNBh Pk G361 3 PGB 488 it body

i n anti body irepensieridnisibtratiodlof LOXigrkd of ifAIREEoN;IJRYMAYES 36 Makd @DDI ndl ng to
Fey recepto natal Fc rece

e clearance rate via n or
conpl orent Bl GERESGeSeTRUeh of bymrrisd MUPEIeRnes e fE e FtiRp
conpl enent ¢aeadaareshare’'dhoght chains” of antibodi es (i munogl obulins) from
any vertebrate species can be assigned to one of two clearly distinct

t %/peﬁ, eal | Eibdfa@BA dnﬂ)QEﬂTEK baﬁb@&;ré fr hubE $ ERBBRY AL PERGANHAL-BRKMt epiences
of their co

) th f th
Sonstant doBAFA By G e b e P e TGP TR TR A 16

clearance (CI; figure 9B) of several ADCs as a function of the DAR after a single dose
intravenous administration of 20 mg/kg of immunoconjugate in HGS to male CD-1 mice
(n=4).

25  Figure 10: illustrates the mapping of EphA2 epitope for Fab2H11.

Figure 11: is the sequence of EphA2 wherein residues in dark grey are part of the

epitope; residues in light grey are not visible in the crystal structures.

Figure 12 A: represents the overall structure of the complex and figure 12B is a

magnification of the part with the two Fab mutations.
30 Figure 13: is a represents the structure of the paratope.

Figure 14: HRMS spectrum of huZH11R35R74-PEG4-NMeAc-DM4.



chai ns, antibodi es (imunogl obulins) can be assigned to different classes.
There are five major classes of immnoglobulins: I1gA 19D IgE 1gG and

| gM and woeveriAl3onft t hese nay be further divided i nto skOTNBRAE@854422
(isotypes), e.g., 1gGl, 1g&, 19gG3, 1g#A, 1gAl, and 1gA2 . The heavy-chain
const ant domai ns that correspond to the Hifferent 5classes of

i mmunogl obulins are called a, 5, E, vy, and p, respectively. Wthin |ight

and heavy chkfjure 15t ARMPBEIRBLA AR2IGPTRISRTY-PEGS-NMAADRA4] 0i ned by a "J"
regi on of about 12 or nore amino acids, with the heavy chain al so including

a "D' region of about 10 nore am no acids (see e.%., Fundanent al | nmunol ogy
Ch. 7, Paul Fignre 165HRMS spegtrugiaf hed ! 1 IRBRART 4P eQEANKEDMY. 1089 ). The
subunit structures and three-di mensi onal 10configurations of different

cl asses of Figuseagl BRMS specau® omalibH knpre4andaciess. i bed generally in, for
exanpl e, Abbas et al.(Cellular and MIl. |nmmunol ogy, 4th edition, W B.

Saunder s, . | Y. rt of a larger fusion nol ecule,
formed by S&H@Sﬁg#%ggm%&ﬂﬁgﬁgﬁrﬂﬁﬁ%n of the antibody with one or
nore other proteins or peptides.. 15A "pol opal antibody” is an.antibody
whi oh ves. peBRssaleatn fefed e netmubE it P oni i Rt begRusH Wi
Pon- i dent : caieh;araserbod/eeﬁohn dhall pane tral m?@mhgscth@tlrt&b cﬁmtndaqfldlrﬂeaﬁas(ﬁ iy hdseced
roma B-ly cyte in the presence sever.al other B- ocyt es

pr oduci ng nErOTHER TUHD e RNES onBsa e SR eANTS RECORRE BoMEReIpe
obt ai ned di sRgltihylude ploraities amdipluzetbrasishall incld@éthergiyatdroBaheralit, i body", as
used herein,_ i

ti bqd bt aj. ned., f I i .Substanti al |
honbgoneous "ARENaRuBLse Moot ReaRp it 6ol SRR B cBhed ISR en ar &
\ﬁseﬂt i & Ih%/ niotkzotar ORloggxieptindayy, pmsstbidjbg%@humcaldtn_ya pmgt_emrarridrrgjcdladai(: ons
ich m e present .in.m.nor, anpunts. . These antihodi es are directe
e mst O RS RIEET bt RiOR e RER b stk g el SeR ook
anti body" f orthtlae. Phi pmsg(_se dlsfeh@%)msirst imnan_aitarﬁ bmd)ys,vﬂ]eﬁs dtr;serwts‘e ir:xﬂasﬁterg?_t ed to
a cytotoxic noiet. adi o el . n "epi "1Ss e, sSi on .t he anti gen
o e e e ol laghiSs Saen B TBot B o plisiCe PR e o oy
non- cont i gueticrobie®igg e bbﬂdgy?bbchmigtrﬁ|a06§!rmeﬁﬁlbg§',tvy1i(byar’ehﬂthfrOﬂwdishig 0bf ialn
anti gen ot e i topes formed. cont i, guous.am no, aci are i ca
S0r e0a 8 bR L el e B Ee A SR b R B e B N B gy
Ron-_ cont Lgl&?lmoam)rym/laim?d%(aﬁﬁl dd%tmhé(_ahdnyrdoﬁﬂ alne&); ?E@?uelfpﬁxm.lr e'.[ _ AsI used
erein, the_term."KD" refer he di ssocj.ati on_copstant o rticul ar
ot body! anEVEDRE MWt LGaE B "Oabnnii” SRF bR RIS RERAR, BB, t ot ho
Et r g_ngt h _OI Mdﬂ?dsmmEFD}rﬂdloggf (memmm\ﬁé?gﬁnﬁ.)gCgl%rngtg?romSolgm M/e%gzlirzBiogh/e
i ndi ng si ecule {e. an
ot bodyy el M AisBe A et P87, and Rerodn ypIRERE BLR: TER PR A Cadia
O]E P_eryvit 2@3i th‘Baclmd(l\h@ngdatral, ébbi’i 1_r9®i4ng\ Iar[ajf:iidaail E;a‘u'derteﬁ\ﬂa:#tbam dlafrtit}ig' (Psail;l_nalgi ndi ng
i ni refle a.l; i nter on, bet wee ers o i ndi n air
Co o Yt Beare G e f phage OlflaV LR Ephe B AR (RS Bal 2af 1Yt o pad b
Y can gener &nhkymate reagtioas antl edrifimatid i & cKblquéy drerpetfgrneschadoverdmesur ed by
commmon et hods t(ngjwn_. in the tart, i ncl udi ng t ho .eh d(ﬁf‘ rr]i bed her eij nb q
Low af f i ni t {'SRHIACHEHiSePGERTICAR 3 (IHECUH AP PSP 3 S A OF #haege e
di ssoci at e hemtH. Tjie nolnenelatirds WHed imtonneiction with,idnddhe abgeitay atdcgdinesdnd
ti d tend t i.n b | ., i et f ..meth f
moasor i 2 bisnAgs et AL ERsha et s chapBil e e SRd AR osed
for pur posephaimdchetiqal etsenisiry deseribeédhereib(iFa ¢hqseesstirknown\aed coemoplyocedds
froma mri l|’]nethg“’§qtrtl. _SEPIQaAr% tg(mnliqbu%g%’re Dseerdeflopchemical syntheses, chemical analyses,

pharmaceutical preparation, formulation, and delivery, and treatment of patients.

New antibodies and fragments thereof, capable of specifically binding the EphA2

30 receptor and antagonizing said receptor are herein provided. In particular, the novel
antibodies or fragments of the invention specifically bind Eph receptors on the cell
surface, but are preferentially devoid of any agonist activity. On the other hand, they

are capable of inhibiting the cellular functions of the receptor even in the presence of its



MU2H11R35R74, which is fully characterized with respect to the am no acid
sequences of both light and heavy chains, the identification of the CDRs,

t he i dentwbi2ertisgre4of surface am no acids, and neans f oPCITHIB20apF482Si on i N
reconbi nant form The nurine antibody of the i nvention can be obtained for
exanpl e by site-directed 15nutagenesis of2the antibody 53.2H11. The 53.2H11
anti body is produced by a hybri doma deposited under the Budapest Treaty on
June 16, at“%g%SAnerlcan Type Culture Collection, under the accession
nunber PTA-7662, and is described in PCT appllcatlon WO 2008/ 010101. Thus,

the am no apkQs8§ALRNE AR t@fmt%%%étb@lﬂéfe%ﬁg ah?r%&i}ﬁe%h%%é‘%el%glﬁétc?iﬁél t he
identification of the the identification o face 20am no aci ds, as

wel | as pol ﬁﬁbé?‘@@fqrﬁgﬂ‘”ﬁﬁd@’fﬂ‘!‘@éj iBResaR) B & af ¢/ gRPS. dYaived e dPhs ar e
al | di scl osegyig/ V@ m&@%%mpﬁ@ﬁlgpfok @%rﬁpl@r@m@mﬁﬁ@s@q@é}%e% sequences

of anti body nmu2HL1R35R74 1] ght and heavy chal ns humani zed versions

t her eof , 9 ar £eAPa %@%I%N@?h‘woﬁ%%(hém?&ﬁ%@ﬁé NM4:91§1?>%%wmeanpwawrdes
ant i bodi es RIXME B4 b 9w (Bt E(]m/m HurREHEpiAZ ReY Jﬁ’@ferr%émlréééb%roﬂ% Rfmnore

CDRs havi ng_ an am no aci equence sel ected fromthe group consisting of
SEQ | D NOS: 'BphAZ liggnd’'zas @edé‘erwr‘lr@erﬁrt‘éﬁé}r@t@@ twﬁwsﬁemnd Qiienghtachedifes of
the inventiqng Cé?l?ﬂ%ﬂdté@th%taultcﬁ%%’épmﬁamy aﬁ@hnza@aep@ér }é%ggérr@d‘ﬁpihAﬂht

chain, and sard heavy chain conprises ree sequentia avi ng am no
aci d sequen&%%”dsr@r@ﬁﬂ%&pf‘ﬂw tY C@P@dﬁt%@ﬁsﬁr&%gﬁgcetpﬁor@e@qowgewr 1, 2, 3,

and sai g | i ghdmpsiBaiMam PRl S& et 3if SehBaveaiceadio NS obavig\@umahno acid
sequences selected fromthe group consisting of SEQ1D NOS: 4, 5, 6. In a

preferred efBYNARNt the par at ope of said nonocl onal anti bodies or
epi t opebi nding fragnents thereof conprises in the |ight chain: W835 of

Loop L1, TylBaterm'gsiogpial' asyeer Bereinyefersio 2mpEcesovyeiperARae ehnbibiing2 17

In a preferbﬁéloembﬁéjbfffﬁé\blotdgﬁzapédtmtl@@@f @faréﬁlrﬁ’olé@ﬂ@%h@maé afEphRedi es or
epi t opebi ndi ng fragnents thereof nprises_heavy chain: Thr3 A1a31 Tyr 32

and Tyr 33 of®EBHH Anagpuisismay fgt @ﬂ'”teﬁﬁggwgﬁg‘q:@i%@?g g¥a rgeenivntaa
Phel00, 1gyr éﬂémc@l@r%@zby Jéﬂré%@lﬂ&A@ﬂSH&éh&@laf& thabgould BEtHdaesd Bpa or an

epi t ope- bi ndi ng nent st her eof se nutations: at the position:
Thr H28 at BQ%‘%?”@’@K/\%P“PH'@QFQﬂ 'PH@\?‘%‘@J'%B@WY"?%E‘?‘E)W%'ﬂ‘é“qefj@Htth%h'aij'ﬁg 85, 26

to 31, 34 tQuchiligadd, arkflor b'§7nh|59ng}1ﬂ*@ Kt d/18etdi@ Dligamefifitionlof BPRA Rice i@fé of the
foll ow ng p05| tions on the heavy chain: 28, 54 and 57. 10l n anot

enbodi nent  the aatr‘?‘SP'EiBth@éC‘Eﬁ‘p'? W'ﬁ%ﬁ??@ﬂ”ﬁ?@@|'rft?ré‘81'9"5? BiMRY %UQS@H“%% t ope

of human EpPéN%cé%Q@rphtHra&@ﬁmAlﬁéu&ﬁ pbm @N@t&r\/@w&% Mé&@gor@%ﬁéu bé\sp53
Cys70, Asn71, Val72, Net73, ¥W A n77 hel08, Pr o109,

G y111, 2&er §978id5560 g@tﬂ'ﬁanté@r Ft%%os@B@f DRYETHIEN e KRS ncluidpg) w&hmdB%?qped%f %
EphA2 1 eceptifinvétioR afdBBEMALS el YnctittBiding aritpddis) that hied &0f phAbleBe@ot her

enbodi nent Et hEZ <|51nt |dbod| es (?f tfhe I|E nh\'/o‘eznt [ oq cor(rjpEr IhAe2 Ia V(Ij—l havi ngdan am no

phA2 ligand or a complex of an Ep receptor and Ep igand; amino aci

sequence variants or derivatives of an EphA2 receptor or EphA2 ligand which

antagonize the interaction between an EphA2 receptor and EphA2 ligand; soluble

25  EphA2 receptor or soluble EphA2 ligand, optionally fused to a heterologous molecule

such as an immunoglobulin region (e.g. an immunoadhesin); a complex comprising an

EphA2 receptor in association with EphA2 ligand; synthetic or native sequence

peptides which bind to EphA2 receptor or EphA2 ligand. In a preferred embodiment,

the antagonist is an antibody.

30 The term “agonist” as used herein refers to any compound, including a protein, a
polypeptide, a peptide, an antibody, an antibody fragment, a conjugate, a large
molecule, a small molecule, capable of activating one or more of the biological
activities of the target molecule. EphA2 agonists act by stimulating phosphorylation of

the protein, thereby triggering degradation of said protein.



aci d sequence consisting of SEQID NO 8. In another preferred enbodi nent,
the anti bodi es of the invention conprise a VL having an am no aci d sequence
consi sti nyoah118BQ24D NO 10. Humani zed or Resurfaced 2HLPRBABRMO/AFI422DO0dY
20As used herein, the term "humani zed antl body" refers to a chineric

anti body which cont ai ns m ni mal sequence 13erived from non-hunman

i munogl obulin. A "chineric antibody", as used herein, is an antibody in

whi ch the cqRgd A prefBie@bmiRIdirReRMd br@QeﬁtWeﬁ%n pr'o§|d€-;{; LRRSQ) othGRbaGRE, oOr
exchanged, so that the variable region _is linked to a constant region of a

d| fferent spBEFEBAZ gronBelper]gnigpdies. aRERBAZ QHW?B‘@@@/ agibpdies panDERGIRRNIGS S .

"Chimeric aB’HhQ%ﬁ-Epﬂl@%nhS&ﬁéss Ebéh 6f‘th@%hl?&ﬁéé Y é(VﬁleJi‘yfr YA bedke
region, or a portion thereof, Is altered, | aced, or ‘exchanged, so that

t he const anPrerség‘i igyentien fs dnsigned do ép%bﬂcia%}b'leéogrééq #l ind é{‘%ﬁ-@rfpe?rr@ﬁ?pt@ﬁaem es,
or bel ongi ngn§ Qc@%@talﬂ@pha\@trbéﬁﬁ& SrhARPisinHIIRGY B PhodpHRONILRN iRduced by,
humani zation is a reduction in the inmunogenicity of a xenogenic anti body,
30such as aERDA? Hganwlst i body, for introduction into a human, while

mai ntai ning_the full antigen binding affinity and specificity of the

ant body. FiBa kP2 resepias Baioags (o e iobEFPRDr #AGET GHORBIMRAHL 1 ] ect i on by

ot her t echﬁosﬁﬁ%b&leﬁi@n@g PEiEEEY Hﬁérﬁ@and@n&ﬂ%% mwz&m \Jé%%%&%@é%?z 18

sever al nol ogi‘es such as resurfacin graftin used herein,
t he resurfa@Ph§opeemseislyy lgadiag & @Srﬁ‘iF'Y?é'PP @ﬁdﬁﬁr%ﬂ%wwtr&ﬁ”hﬁﬁﬂé'ﬁf ng,

stati stigal s@ﬂélirﬁgsda"ﬁh\ﬁé}@ (Runaaﬂeﬂ% 'aﬁd kﬂenﬁ'R’ eIOthﬁlaﬂlPé‘R%m§ wid.asessiof,

ant i body varlable regions to resenb he surfaces of known antibodies of
the target Ro$to4 gedl- &a%ﬁaﬁﬁ%& B, £00¢ neelt dgna'+ 348 G098 )afi®i bodi es,
and ot her ”ﬁéé}Pﬁ’&eanfhertGW@MLM%G%%@Mr¥ réffers%tallW&eﬁlﬁla\f\fe@ém@wﬁuch
different host, are disclosed in US Patent whi ch i s hereby

i ncor por at eQCFUA N tesPeife; tp dggndbindiag by ERRA2. \ﬁhﬁ@ﬁﬁﬁnt'bw'% Jircdassdintrenet hod,
(1) positi ogrig droagBHitesh® EpRAR Alepfr, At InQ%ﬂﬁ’cu'lb@@H?z’reQMth'e't%&méha' n

vari able regions is generated to give a set of heavy and |1 ght chain

vari abl & r oBNeTPh eI RRAMIE R I f}5ARoUBS ARY BRSO SRBMANISKE tsosi ¢ i on

alignments {Renin ar&%’iéf@r*éhﬁalﬁ/%'v@iﬂ%f ahes@h ég%ﬂ&hc Bhib!éhleg&%daﬂ%ma'r aRéy (2) a
set of heavy and lig chain vari abl e Tegi on surface exposed

am no acid F‘Eesll“lﬁti’@stol%'”‘tﬁl'@*‘? Feb/ ¢ B?OSQOW&@thyérr‘ﬁm%\éﬁ? HS? ”i'er%ﬁ’@ﬂ‘?st her eof ) ;

(3) a set olefieByY irrNGd 2OBN1020&i the WAGGARLER: 4RBL&Bs Bh@BRIAYY fidYmbAsef
exposed am no acid residues that is nost closely identical to the set of

rodent 15sufiedBEeERPEEREE R PP AoaNFER Mbe " 7 SPPQRTROWACNY PV B set of
heavy apgl | ugkle € gromoteytcaieSoHo8BhGHlafisrRbRVEHAL, §Mlkfeilfﬂ€ér%}ﬁﬁl§t§ﬁé% anmno acid

residues defined in step (2) is substituted with the set of heavy and |ight

chain vari aHP@”P@@ierefpf'ar doganirkeet é’f(pb%(@dcﬁyrﬁﬁ@"’%lcﬁ Hifleesi Y §eg-

identified iBs; aN©m1(11321,72e\x@@3/o©4859tw,@ommgacm) s uee4 et are
within 5 A of an esi due of the conplenentarity- 20determ ning

regi ons of 129936/9 ﬁt W&?@Q%&V%én‘é’o(%@oﬁ%@%%m zed rodent anti body

havi ng bi ndipng specificity is produced. Another preferred nethod, of

humani zat i ofh %f'”‘%ﬁf'%%’w%s aplyekantagenisie antrERPAR Aatiqdins- bhe pntadissand

resi duegs hastidiR9Mradfeatsi d1ek intertich hap® tHeCailitp b .m&?om@&{e%%a@lﬁafun&wr@ diret hod

co rlsesthefolowln ste 1) building a honolo mpdel of the parent
P the EphA2 receptor, evgn in tﬁe %)resence of tlge ligands of sagg Ephgg receptor, e.g. P

ephrinA1. In one embodiment, the antibodies and antibody fragments of the invention
can inhibit the binding of a ligand to an EphA2 receptor. In a preferred embodiment, the
binding of ephrinA1 to EphAZ2 is prevented by the antibodies and fragments thereof

30  provided by this invention. Remarkably, in another embodiment, the antibodies and
antibody fragments of the invention are capable of inhibiting tyrosine phosphorylation of

the EphA2 receptor, even in the presence of ephrinA1.
Antibodies

The term “antibody” is used herein in the broadest sense and specifically covers



25mAb and running a nol ecul ar dynam cs sinulation; (2) analyzing the
flexible residues and identification of the nost flexible residues of a
non- humarwearwitgsenz4nol ecul e, as well as identifying resiPdiaB2000/054822 f S
likely to be a source of heterogeneity or of degradation reaction; (3)
identifying a human antibody which displ Hys the nost sinilar ensenbl e of
recognition areas as the parent antibody; (4) determning the flexible
30r esi dues %n@@loﬁytaﬂfll%ljlesr@rﬁilﬁf%sfu@fenﬁmtMB%dldﬁéﬁéMlbbeleQﬁofehné%!ﬁ% Rich

het er ogeneity and degradati on are al so mut at ed chec for the
presence of akHaright, Igfbra”B'Q,FeIHOlyélW@'cﬁfé'?Od'%é“Hﬂ'?é’,@P'BPé”‘i‘t&‘ﬁi%u@@m@ﬁﬁ be

found using aﬁtﬂH&li&CHﬁcﬁéntﬁ%B%%§ﬁeﬁt§|&Nbﬁﬁtﬂo‘a? rdHAGWAR al sﬁ%uﬁ&éﬁhg%ﬂ'c‘éﬁ%
nodel , whi ch accounts for the interaction o he wat er sol vent

protei n at ofBNYYFEA bcyH@C%’ét?'F%H ”@ﬁ‘th‘?qsrfélcbﬁsﬁﬁ'@%‘?”rﬂfl“ﬁﬁ”@ﬁ of @SSNWPI”BB@ es can
be humans zegdniIdid iR pMadd &tsimPdr vRERRY, oFW%%Qﬁng%h%lmh%nn ¥Qor

2011/ 039724PCT/ 1B2010/ 0 4422 19 graftl ng (EP 0 239 400; WO 91/09967; U.S.
Pat. Nos. 52830tigsMencedwImusigr agb) veneering or resurfacing (EP 0 592
106; EP O 519 596; Padlan E. A., 1991, Ml ecul ar | munal ogy 28(4/5)
489-498; St Adwpied @ntpodyis gematised of dreyideptica Bwyahl@mﬁ@@fi.t\ﬁgldﬁoma' “@65 814;
Roguska M Ach#ihs fHat are]jgﬁéfd b?ﬂ%ﬁlfldé\lﬁbhds é‘éé‘l‘jheeﬁ@'andmgﬁt éhain &hitdR92973), and

5chain shuffling (U.S. 332). In certain enbodi nents both the
vari abl e anélo%%@ftttr%?” ?‘%‘b?dﬁ%a%? r%‘%‘ ﬁ‘ﬁt“ﬁﬁ%ﬁ?r@sn "ot cantH geferpioae ng

fragmenys, varratﬁélﬁe@oncafaﬂ%m\aabgm&ﬂmtrrégweﬁa.@bearf yrhtlbbdlﬂuﬁlaurum&tHelnéab nan
anti bodi es can be de usin he art, For

exanpl e, fuFhgn ﬁﬁ%ﬁv VA Wesabddjzépnﬁ F(é‘bé%é"é‘g'?‘%t 5ﬁfeir‘§fé¥? tea BB Bt epar ed

by admi ni st edféido Ttlﬂ,ﬂ/a#@@l@trbggﬁ‘ of PedmifuADSEBNInGigANEHERH ofMh SHiLBARS iIMARIMg
nodified to produce such bodies in response to ant!erﬁenl ¢ chall enge but

whose endogdiedigdt shsen ofailev. 156N A8 ¢dibefab ESZran(ﬁPé@VaQ'B nFtie@rghlgt can be

used to makesdgiditlorddihd hesH S&nidrds §88E FdRslemBntiSt m&ﬁﬁrﬁn b2Q: PBBRs
6, 458, 592;: 6, 420, 140. Oche?e%t echni ques c??‘ge' knovvnyl n the agrllg:ée’g Fulﬁ5 hur%an

anti bodi®s EamyPeNaTiRIR rasions. melﬂ\?”\?ﬁMr@%féo”élb?pfpé?”fj'@@@ﬁ(ﬂpﬂ@?%%faﬂe g.,

15phage di Sﬂhtzg)énoﬂ'h@}é}@rus\dblfy&bféﬂﬂe@% aymt eMR2, 988 CBIRP nbnberedat .  Nos.
4,444,887, 4 06, and 5,814, 318; and i nternati onal patent

appl i cat i onSpAHsNaly o5 NP ADT @%me%a'sh'yww%mon% RYTEBE3 WD
98/ 16654, W s 38l1ed: FdBRVtR rediti” V’@Rg)lfrﬂré’?érlatﬂéad)rﬁauh%ﬁﬁeﬂ%es

i ncor porat ed reference in their entireties). 20The present invention
provi des huﬁﬁ%\fyz%'tﬂi light ¢Nsdts @ashGPmPFisg FRhE R r?ﬂ'@?%d@rgeWﬂ€W'ﬂge%B%}ﬁ1SE%etEphA2

r ecept 0pp andomieuraAidn AHnABEBY %S/%reé CORsPvBicA6RloBpdestngeig, ahdith summani zed
anti bodi es or epitaope-binding fragnents thereof have the addi ti onal ability

Co i nhibit GFERRTATENG B 3h i DYRRNORhEIPENE 15 GRREPIPAON FaRBAtORed | n o

further enmbegdjefRnin clésbeepr’asdmplby% PRUEHOEY R, WiRithOOPRRIfA M8 ot EABIAL
t hereof have the 25additional ability to inhibit the mgration of a

met ast ati ¢ EaMERe defhe feymation of kg %ﬂqgerEB'ﬁ‘A@grS&% QB?'HPbOd',&S peesriabatgt al.

enbodi rrent ShqséHdls df PEoIEIRS 8EIEhnATHOIdIRAY Intsredt, HUBETbr, Brhtidhtl 1Aty 4f ant i body,
or an itope-hinding fra rrent t her eof . I n anot her preferred enbodi nent,

t he hu iz a%ﬁeﬁzﬁﬂ;ﬁ@s f 1948 i nvention are 30obtai ned by site-directed
f th I h 2H11
%Bg/ggggibi) Og@%)@sﬁ@rg ﬁ@}ljc q%gélgﬂﬁyéiﬂ_ (ﬁpe%ﬁ%n thg%ﬁlldn% of%ﬁ%ntlbodyt \QQ

antigen, but exhibit various effector functions, such as participation of the antibody in
antibody-dependent cellular toxicity (ADCC), phagocytosis via binding to Fcy receptor,
half/life clearance rate via neonatal Fc receptor (FcRn) and complement dependent

30  cytotoxicity (CDC) via the C1gq component of the complement cascade.

The "light chains" of antibodies (immunoglobulins) from any vertebrate species can be
assigned to one of two clearly distinct types, called kappa (K) and lambda (A), based on

the amino acid sequences of their constant domains.

Depending on the amino acid sequences of the constant domains of their heavy



In nore preferred enbodi nents, there are provided resurfaced or humani zed
versions of the 2H11R35R74 anti body wherei n surface-exposed residues of the
ant i body W0 20t1903p2agnent s are replaced in both |ight an#ChaBgo/essazns to
nore closely resenbl e known WO 2011/039724PCT/ 1B2010/ 054422 20 hunman

anti body surfaces. The humani zed 2H11R35KY4 anti body or epit ope- bi ndi ng
fragnents thereof of the present invention have inproved properties. For
exanpl e, huggah< efiBsdtd 3R (Ao GBBUIRSRDLIssRIPEH AP BIcREEIRE k! PIRHTB BFS

t hereof specifically recognize EphA2 receptor. Mre preferably, the

hunani zed 2FHe RIBR? S%ﬁﬂ‘?fbf@ﬂ\}d”%b@éﬁﬁt'@ﬁe@@i It r*@fqnéd%"n@%d sdveradef have
the additi ogflse @iy Betf)drtﬁé’r dl\ﬂ@édf’lhb §Jﬂ)%la§§é§"(‘is}6t)ﬁbfes)a@ gEﬂEéZ IE‘GZR§G3 lgG4,

recept or - exi)resm n humani zed versions’ of SR74 ant i body

are al so fuldA/ éﬂ%?%{’@t e"FrlezféﬂVYréP@F oRRtan dogwinschat orieprend tedgdifeiept ani no
aci d seqslene@§s&fofmmnbglgm“n§-a% &’&I@MYJ §h@'ynah’oaﬁ'ré§)ée%t|0&§ﬂ'wmﬁn ngrh%n@NA
sequences of the genes for the |ight and heavy chain 10vari abl e regi ons,

t he identi f e @RING th@h’é”@?@”d carstaisegions 2gUoined bBY 2 hdpoios of # 18nmi no

acids, and d} gelosHng RfdsawiiMRhehb® chdiehiso ToRl éQjS' fe |0F1%‘F919311tﬁ@'?ﬁ0rf90r m
However, the scope of the present invention is not |im t o, anti bodi es

and fragmenf8inoiais EPRE-%- Ifé@é’a@éq@éﬁt’é’é”‘)@gi{s@’éa?d Pagl, W. aﬁfﬁ Fodedtiomnd

fragnents tb{%ﬂxerﬂ%‘é’sbflklc‘@' |1.618§3 ﬁﬁe%gbtﬁﬁtrk‘h%cfu?&e&{&hre%tcﬁmbﬂﬁbwed in the
present inventjon. Pref er ab é@ the anti bodi es and fragnents 15t hat

speci fi ¢@l | goHianertioss phtiigrepdasses of immeanrpainbeing are walldingyn @ar dge¢ribgdt y of
the recept obené\@nﬁnp«oe&%rﬁaéyAbb%@@ﬂapqcﬁev/@@ﬂmﬁmwmﬁho/@gﬁ 43“821&?0?;”\?\/' glly

devoi d of agonist activit 5 anti bodi es and epit ope-bi ndi ng anti body
fragments oPaprderpried 00 n‘\»‘b@ﬂtibéﬁyl’?@ybélplafté}f af'areﬁﬁfuﬁ@nmg%ifwmearw. body
or the hU”HBb\Za@@ht@%brY%\}a\(&ﬁ abQRifeh of ihd atnlﬂﬁommpoﬁé?b%ét‘%%@é}%&e% okheir
scaffold, CDRs, and/or |ight chain and 20heavy chain, and still fall within
t he scope oPe@H’@Spresent i nvention. The CDRs of the 2H11R35R74 anti body
have been det erm ned b\ég(;sol ving the créstal structure of the Fab fragrrent
of 2H11EB5RM PPhicleRshgnBRody st 3ndibagy Whick was pregucad ABICAY 6fF intthe PESSRRAGE of
receptor. TBge bemofUGHel h@mdelﬂﬂceﬂ'dﬂ»tlmmﬂ lefd), hINRIRE Antitlotiids tahe

extra-cel lul'ar domain of EphA2 have been identifie Accordj ngl y,
anti bodi es AMIUSEH frgr@,?e%ygnpg}ogytﬁﬂrbmed}g@sqnﬁgpf F%i’\‘?éa'lomg’v'é@pb?(‘dﬁférti es

produced by Aﬁ)_rJdQE:an)hémiHe‘?mca"rfafnht%dléé RLAI2DOIPER aftiocdits £18 S¥taifedtdi@cthy esent
i nvention. The nouse |light chain IgVvk and A germine genes and heavy chain
I gvh and Jh frgeran 'I"W@’b@ﬁé’é"m?om whi ch 53. 2H11 was |ikely derived have been
identified, and were disclosed in W 2008/ 010101. The accessi on nunbers of

sai d ge?(i’n i Ae MoBgtlenR @8ty @siusep Betain & 90 Anibedy PoEIngddronra peBYationsfc

gernline 9%@0§i@rﬂiéﬂ%ﬁ@rﬁo§ér%okl§@ﬁﬂ+ﬂodté§ iéifl’rﬁ& bﬁtbboai@ﬁ%rhﬁngmhtsaédpgl?aﬁoh ard he
anti bodi es, includin yences of the heavy chain and

light chai ne¥eia 'Qgﬁ‘tlé@ %§9UPF FP‘P?é'bEi—ﬂit RPACUARIY ’BH@)VO”%WHW i @Guences

of their CDpresWRlif mMifdr MM THEYe KitRoBicsRfe difddtsRigditt bRingle édtope and
application. Such_information can be used to produce humani zed versions WO

2011/ 039724 PETNeIIE H/BH4PESM91 of the 2HLIR35R74 antibody. It is al so
possi bI t o obt ai e h i zed 2H11R35R74 anti bod| es of the |nvent| on by
Bt di F2ct AdnikRARREL She REPARSE NorARas R AN A MOtGASRIER PBod o
or their degjtsikickasietyry radisigbdle used as the cell binding agent of the
conjugates of the present invention. 5Thus, in one enbodinent, this

i nvention ppavesiepehidnidsizesh metanbgeh ®sviich @phhtiedy binds. It can be formed by
contiguous residues or by non-contiguous residues brought into close proximity by the
folding of an antigenic protein. Epitopes formed by contiguous amino acids are typically

30 retained on exposure to denaturing solvents, whereas epitopes formed by non-

contiguous amino acids are typically lost under said exposure.

As used herein, the term “Kp” refers to the dissociation constant of a particular
antibody/antigen interaction. "Binding affinity" generally refers to the strength of the

sum total of non-covalent interactions between a single binding site of a molecule {e.g.,



bi ndi ng fragment thereof conprising one or nore CDRs having an am no acid
sequence selected fromthe group consisting of SEQ ID NCS: 1, 2, 3, 4, 5,
6. In a pveRerwwsa2enbodi ment, the humani zed anti bodi es ®CTHRH10/034d2% | ON
conprise at |east one heavy chal n and at | east one |light chain, wherein
sai d heavy chain conprises three loseque?ﬁl al CDRs having am no acid
sequences represented by SEQ ID NOS: 1, 2, and 3, and wherein said |ight

chain CO”D“aﬁ%ﬁttSdU 8 &@Qb‘iﬁ&h lart@ﬁé hai v DRI8S Indica RALNG A
represented by S I yf’ ¥ ! g% g In o%égmerrbgdl rrrlelnt this |r?vaesnt| on

provi des a H%Wi‘r?@d W@Q@QR‘M refats tp diynsig bindiag Aty theheflee’s arhi th

conprises ajnydiabfon Biwédh ﬁ@?n%@rsa&'adolﬁr%lﬁélp(% & OAtibaky Bd Qﬁtlg%afﬁ@elaﬁﬁ’ﬂp 12.
I n anot her enbodi nent, this invention provides a humani zed 5R74

anti body or of# H‘(j%'ﬁé’ﬁf%x {ardip @BFN&GThT 630 eaIpRRllvhegerresenten Ry iegKa MWy 8N &€ d

sequences CORfasliied By omater hEnbEd Rdowr iR tl@e Bt ah&Udi tr%@@‘agédi%@& heifiumani zed
2H11R35R74 anti body i s provi ded, which conprises at |east one heavy chain

and at | easi—o‘ﬁﬁ@c'ﬂ'tb/@ﬁt'b@% gﬁn%lérbgldrﬁr%'aﬁ'HS'ﬁé’h/\/%ﬂd tond ErdisseciEdmfmatdes three

sequent i al @B&a@@ﬂ@hﬂgﬁlﬂﬁ} Qﬁ’tlb%ele@ geRaay biRd ahﬁ%érﬁf%@t@l? g6l Rnd BRhdh NOS: 1,
2, and 3, wherein said light chain conprises three sequential CDRs having

anmi no aci d Segfblapgey. P\é’ﬂ?‘%%é’ﬁﬂ‘@ﬂ"qg? oSpersynnudmding affnitygig kgowpieheiar: sai d

heavy chai nah@fmc@%mee 86d FroP BapBHELoraRN Bles bt edtioEQ | D NO. 12, and
wherein said 1ight chain has an am no acid sequence consisting of SEQ ID

NO. 14. 1@5P¢hé”ﬁ|=é?sbﬁﬂhi/éiﬁi6n pv&@b@gﬁ@maarmmmntp@;hmz arN%@H}e'h‘éreﬂﬁ' ds encodi ng
anti - EphA2 anti bodi es nvention are provided. |In one enbodi nent, the

el ol b i B SRAFETD oS Y AR ICages B PGP T RO GO AHHRGE h AD

i munog! obubs Both |||§ht%n9rh%faw Eiefine ROEEMIIBA L onfof I 8DRs e li®irficftiH oencodes a
heavy chain of an anti-EphA2 inmmunogl obulin and another nucleic acid

nol ecul e 30EWERGAMiIPAECIHR.ND BPRNSTOOES QPreasian- “EEFFPRQ“WW?{JWHQI obulin. In
anot her aspect of this invention, there are provided pol ynucl eoti des

encodi ng poll)paprina&stieedyidh inedAvention §an b gbaineddprcerasinie by sie-dirssiad he group
of SEQ 1H NBtagbneds oBthe"antlﬁod}ﬁS?, 81 1L G he 53.2H44, andiBodNd pidiucédbpapr ef er r ed

enbodi nment , the pol%nucl eotide of the invention is selected fromthe group
consi sting BYOrseR yndeg thejBudapgst Treaty @iy Jong 19 oA §10ABETFBIIPFO/ 054422

22 and 17. Bﬁﬂuﬂe@&l@&ﬁdﬁ%h&er"@@é addedbib® dumBesrt AL7B62 YandGd 8&4cHBEs inpRCT Se but
al so includes al I(a_g nucleotldes di spl ayi ng at | east 80 % identity with

sai d pol ynué‘P@t??f WO FSQEN R - ussy g andine peid sequences et he®otoignea’d n neans

a polyneric hé@rymr@fnsruﬂ@b opt1i d@s |d§nt|ﬁéatlbﬁ@$fhe3@3ﬂa§&@§|dbﬁt|f|c@ﬂ(§ﬁ b suefatdrer
ri bonucl eoti des or  deox nucl eotides or a nodified 5form.of either type of

nucl eot £le. a0 3GsHAP MGl 8 SIYBHAGPLIde SRAURNGEH LaCNBFRIG AT GPAECBYY DNA. The

term"isol at;ﬁétln@g,leygn@gcweuqtewcago(y@@cbﬂ@ere| n shall nmean a pol ynucl eoti de
of genom c, cDNA, or synthetic origin or sone conbination thereof, which by

virtue of i tree @fim@hynarhiRe acidevldas eal s@@lé{lﬂé@b@{tlbd@y m02|)111|335mt4 I@ﬁb‘@ﬁd ated
with all or a ortlon%J f?hlﬁgafolynucleot tz ﬁ tD@dlsolated
pol ynucl eot NER"W L35udef 9 red versyns;teergg ?5?0?"?0 sedsgeip Jngne
pol ynucl eot bﬁlﬁokﬂﬁi&h thit ifventisi proliteantibddied oﬁ@blw’ﬁérbnﬁimgﬁ Bagriieashdredf occur
i n nat u§§ art of a |l arl%ocnegl_s{ uence. The inyention row %gs vectors
conpri sthg FHAPHENY AR PEEP priayingan AN 3EhsequsnemeelertBd HPRERE I URe
vect or cont gbmiistingRPEFAQUCI MOS| e, 8ng@lisng a heavy chain of an anti -

In a preferred embodiment, the antibodies of the invention comprise at least one heavy

chain and at least one light chain, and said heavy chain comprises three sequential

CDRs having amino acid sequences selected from the group consisting of SEQ ID

30 NOS: 1, 2, 3, and said light chain comprises three sequential CDRs having amino acid

sequences selected from the group consisting of SEQ ID NOS: 4, 5, 6.

In a preferred embodiment the paratope of said monoclonal antibodies or epitope-
binding fragments thereof comprises in the light chain: Arg35 of Loop L1, Tyr54, Arg58
and Asp60 of L2.



15EphA2 i mmunogl obulin. I n another enbodi nent, said pol ynucl eoti de encodes
the light chain of an anti-EphA2 i munogl obulin. The invention al so
provi des woebarsIraenpri si ng pol ynucl eoti de nol ecul es en®OTTRLY16/03H422n
proteins, nodified antibodi es, antibody fragnents, and probes thereof. In
order to express the heavy and/ or light thain of the anti - EphA2 anti bodi es
of the 20i nvention, the pol ynucl eotides encodi ng said heavy and/or |ight
chains are !m§SFéf&Fled é]%@ocﬁr%@ﬁﬁﬁéb@ﬂ&td{%céf%ﬁ n%tﬁ%ldnﬁ?éntubh&eg%éﬁto%ﬁ
oper atively linked to transcriptional and transl ational sequences.
"Qperably | PREQ TagapiiENbewol FrITRIEEs heety et J@é’i%ﬁ'a@énﬁ‘@? aggqyedcds t hat
are conti gupysy }ﬂmtﬂsﬁdéeT?%@eAéﬁ%'a%@ft%%‘? ofiRd oY 5185 IPPB 1 60 iy F @, BRABENCES
t hat act in_trans 25or a distance to control the gene of “interest. The
t erm " expr e3¥i18A 208 AYF OO dEJuence” as used herein refers to pol ynucl eoti de
sequences which are necessary to effect the expression and processing of
codi ng sgqueBEmtibedivIbEsn ENRYeDirRiing Brdnshts IRERSR? S8h BMBRNY MalatisREUences
include appropriate transcription initiation, termnation, pronoter and
enhancer segum@qb@gt.o,eﬁfnrgzgnt RNA processing si gnal s such as spI i cing and
30pol yadenyl ati on signals; sequences that stabilize cytoplasm c nRNA ;
sequences taa@neeéth@metrterfamﬁt.@g b&uigRk fonah@ ght chain: 85, zal@zalem@@sestsus
sequence) ; g nﬁes t Sghan e protein stability; and when desi red,
sequences t Rat°ernH&REd 6?3 iddQEcretion. The nature of such control

sequences di fers dep [ on the host ni sm prokayyotes, such
contr o seqBEEa BRI PR PeRkERSEB1ER BFa BB B Bkt ng D
2011/ 039724PCT/ 182010/ 054422 23 site, and transcription termnation
sequence) i m andileeretesimee ity altibydies ot thedowntion sﬁe&ﬁfmeﬂw@ﬁd toed esidpe of

Ceauonces AmehEBRABEoBET R BTG So o vl TSk PO ROHEn L Whose

presence i sASSBEMal7d, M3, Sepitde SH76NGHITA, Phed8sBid199, @lyd1@,aly vl 1sSei Mgl ude

addi ti onal sence is, advanta exanpl e, | eader
Sequences addt PRG) a0 D R FoBuf EREEco R SO PR R R r P T Red her ai
i s i nt ended corsenedtiesly sobstituted foemahéebtd nol ecul e capabl e of transporting

another nucleic acid to which it has been linked. One type of vector is a

"plasm 65, Wwhadthgrehesoslirhentathe iantihddirs al thebineerstionaodgdsOblAyIhaoipgiantaonindii ch

10add I h f I
L o AR TR AL 1 PR VB8 el o S
genone. Cer tafibodiesaif thesinegreion apmiplise iV, datioganauoina apd seqtenos comsisdinh @t

cell into iE Ittg§y1 are introduced (e. g., bacterial vectors having a
bacterial ofl P |pepl i cation and epi somal manmal i an vectors). O her

vectors (e. . @....1on- RIS 0 rs) can be 15integrated into
t he genone (I)-Igumann ce?‘eturf% mtré% Yo the host cell, and thereby

are 1 ephi canedal Rgr%.nwtrte*tet hehm;nt%e%e%gtygw gﬁf B oA B SRgDL o ©f

directing t exXpreéssron o are operative nked.
Such vect or soraatales nehieral emiqtteocétéemed fiaogn hmreblumam rmamtm@tcpbuhss% tominvert or s*  (or

STDLY.  eXBLARH Ol VEES RSl 1o AP ABRL Pluni B ESIILER: EBhoL % Rl Lty T

20r econbi nan techni ques’are in 'or'm of e present
speci fi cat i treredfpb aiered; repladed, \m@t(dtahgaa,ysotteatjbedamatﬂ@rergitmng&rai{ﬂd;toas t he

bl asmi d 1S Le. (sl GoRDRlel PSS T 1) Ol Vaet Blanol RN Bloa LG, Lvent fon s

i nt ended to Phetude’ Sueh exp ors Such Scterial
pl asm d85 YAWslassoShimsric amtbody alssrefdEBG ateamttb@dy ﬁp\wblomrﬁrte,vaajatjleaéglom hoss

other vect O%%o‘tpﬁitthéﬁagﬁ ?’ske-llteteeoq réﬁ&e‘é’! J)IJ e%ﬂgﬁ%etd?sgﬁtat the constant region is
linked to a variable region of a different species, or belonging to another antibody class

or subclass.

The goal of humanization is a reduction in the immunogenicity of a xenogenic antibody,
30  such as a murine antibody, for introduction into a human, while maintaining the full
antigen binding affinity and specificity of the antibody. Humanized antibodies, or

antibodies adapted for non-rejection by other mammals, may be produced using



25conveni ent for ensuring the expression of the heavy and/or |ight chains
of the antibodies of the invention. The skilled man will realize that the
pol ynucl ewoi2dag3erréodi ng the heavy and the |ight chai nsPCanBiyao/eidereed i nto
different vectors or in the same vector. In a preferred enbodi nent, said
pol ynucl eotides are cloned in the sane vEttor. 30Pol ynucl eoti des of the

i nvention and vectors conprising these nol ecul es can be used for the
transfor mat 's&?br&ﬁe&m%‘&gie%@'u@h %%@%aﬁ Bﬁébdl‘-@ér’aftm@%@ﬂé(eooﬁé?@h t‘h%pe of host
cell knovvn to the skill'ed person. ?erm "recombi nant host cell" (or

si npl y "hosfestgpeing techgologyedsasesr @?”ﬂb'”@t@”lQﬁmﬁ%’tﬁrmdﬁ@ﬂ%ﬁteﬁ'&@' aealysis nt o
whi ch a recgAdIMidYenBXRtESIRr M NGEEDR A8 cHE6 hnkiBbIOHiaBE. reélbn§{3>0U| d be
understood that such terns are intended to refer not 35only to

particul ar &&asMAa thesurfagastof kpewn eptitadiesf figclateedhogfuch a cel I . Because
certain WD 2011/ 039724PCT/ 1B2010/ 054422 24 nodificati ons may occur in
succeedi hg gEABOILEIAHAINRINRAS for BrtraRITasitof ppiPadieseAd PHRMBARINQMS faif | uences,

such progenyedmmgnmhwnb i@dGtor aRfodastantitniah dtf@rénhﬁoﬁaér%r&scr&bhm bgt are
still included within the sCope of the term "host cel " as used herein.

Tr ansf or mat P@Wn&éﬁ%é%wmﬁylsmm iRearprateddp its ﬁ'ﬂtfrsanhyu ragregseyRiRilyedta des
into a 5h08f)ré¥@+éd meed, (TEpOAEh AgRmeRis!of KMRWNofANtibEE KERRNY akd ligir@nkin t he

art and include dextran-nedi ated transformation, cal ci um phosphat e
precipitati &W'ab&Te@&”éﬂfegﬁf@(ﬂ?tﬁg &49ve arsst %f&tqaahanw%tt&b@'awwmg regien

el ectropgr a?rbﬁh@woﬂ@&%éé‘ bs’e‘éds‘éﬂ p@Eltlérﬁbewlﬁ)é}bMﬁH@ b@@ﬁérﬁ&ughﬁieﬂts' foPAPRITBBIe
biolistic injection and m croinjectio DNA i nto nucl ei. Antibody

Fragment s 1@@@3%??5@6?@06\‘93%@%*'%@&3@alsﬁtl@cﬁle?%a”%kﬂrﬁ%a'ﬂd?%am%e ful I

length anti hofrefardéwEMSERSCAOPSed BRINdRIdd REidEBS [sURAnSd i iateddrit ABHEIH,S
used herein, "antibody fragnments" include any portion of an_ anti body that

retains t he (QHiagmept hgrasHnts) eset ﬁ@*ece;yvea%gfetéeés@nfaﬂeweW'@m@amawwh engt h

anti body, gen@i!dxpob Mo 2RRI rbeiBeePthais Rtbst ElégéT?fHeﬁtlcal BXRBRLES: rBfent
anti bodzﬁ_}f ragments include, but are not limted t Fab' 15and F(ab) 2,

Fd, sindp e- EWMGE PPESYERTIRP ackl ragiiecif ddantites; K‘Hdﬂ‘? &gt Of@F"@YM Night ehled Fvs

(dS Fv) and f{aamerighbnarimewcrk B&fé%ietéi%sébl éfhm@%c’ﬁ'?'eéu@@é@dbfmg@hr{ abgBiigdi ng
fragnents, |nclud|ng si ngl e-chai n anti bodi es, nprise the variable

regi on(s) aPURRRd Wit st AEReaN ampﬂ'ahtm@md@flaha'@m'wframswpltwﬁae@ t he

follow ng: BkpERdGIhOHsid FedldueStdontifiddlin (@ r@%bé‘ét fordASdCimihbagrent s may
contain one or both Fab fragrhents or the fragment. Preferably, the

ant i body f r SR5IAUSE N SRR Within 1A 053y ateRef 80y teaR comRIgBRRtaT t hough

fragmenps C@QEeﬁhuﬂld@Qe@u@M@bfth@%UeN Antod§:LEHA (65Bk Mifanfe hodtht bRRAy four or
five CDRs, are also functional. Further, the fragnents may be or may

conbi ne menBaYied B'I”d%?ﬁ)?p@ﬁféctdf's PIRGUERA: | owi ng i munogl obul i n cl asses: |1gG
lgM 1gA 19D,  or g% and t he 25subcl asses thereof. Fab and F abé
fragnents ngﬁoﬁ‘@r preluedenetBgd Bt ytreizatior of pribpdige; bﬁ?ﬂjﬁ’@ tae Aepiication il as

papai n (Fabﬂéx.a@m@mwek Rds PRPSddclitllcriR P TF 8BRSV O 2D08/03966 IR hai n FVs”
"scFvs") fragnents are epltope bi ndi n? fragnments that contain at | east one

f ragnment of GRAMRIEGS HiedoNPinPtaPsdr) %P@gﬁé&”&q{oqwd?lloﬁ%&aﬁﬁ at | east

300ne fpagnainb aHd r@ﬁnla blrb@éwléﬂ(ﬂ'hbmibb%irﬁulyﬁfd eéqla«aawgugg%ﬂéﬂ&e rebfiek i nker
may be a short, flexib ept| de selected tg ensure that roper

t hr ee- di rmngpg)fggptlff(@pan ﬁfgt anqsﬁﬁ Q}gjesmues of a non-human antlbody mglecule as

well as identifying residues or motifs likely to be a source of heterogeneity or of
degradation reaction; (3) identifying a human antibody which displays the most similar
ensemble of recognition areas as the parent antibody; (4) determining the flexible

30 residues to be mutated, residues or motifs likely to be a source of heterogeneity and
degradation are also mutated; and (5) checking for the presence of known T cell or B
cell epitopes. The flexible residues can be found using a molecular dynamics
calculation using an implicit solvent model, which accounts for the interaction of the

water solvent with the protein atoms over the period of time of the simulation.

35  Antibodies can be humanized using a variety of other techniques including CDR-



and (VH) regions occurs once they are linked so as to maintain the target
nol ecul e bi ndi ng-specificity of the whole anti body from which the

si ngl e- chipreoa3p2edy fragnment is derived. The carboxyl PCEARIMWES48E2 t he
(VL) or (VH sequence may be covalently |inked WO

2011/ 039724PCT/ 1B2010/ 054422 25 by a link&r to the amino acid terninus of a
conplenentary (VL) or (VH) sequence. Single-chain antibody fragnents of the

present i nvepsirfy\EPANDRI ﬁb(ﬁ'W@@ﬁiQ‘Qé? SEQUPHEC Ros @536‘90‘@1:%5 7508@?3‘ of the
vari abl e or “conpl ementarity determ ni ngﬁ%ﬁ i ons (CDRs) of the e

anti bodi es deeeringearasHTeeing (HpeeP2i1es; 18@96aﬁ’@l¢ra6k4\ng9%br4\@/@ﬁu/65al | of

the const an?mﬁ';@ﬁ@lb@ﬁ&ﬁ/é‘) h@i@ﬂ%”éhﬂﬂ@k@% MIRe8L 1©0aShRRdin gﬁ&’ﬁéé}?ﬁgaf(@) not
necessary for_anti in |2§ but constitute a mjor portion of “th

structure ofOYRdf: eg%%‘tsl(%(bﬁ\ al. 5198 EBracnBlett Agwdi %dy 34a8ﬁ@ﬁ9§7%@”d

therefore ovgsif QRETRGTE.Plrat. M. BIFRBIEBHE associated with the use of
antibodies containing a part or all of a constant domain. For exanple,

si ngl e- chai @é?fa'lrb@rqbfocflh@g@%'irﬁthe@/@ﬂaﬁlé aR@ chritant bgihdlsrthé 8RtinbAie]t & act i ons
bet ween bi ol ogi cal, nol ecul es and t he heavy-chai n constant regi on, or other

unwant ed bi anggncinding fragments. vedants; eirdarivetivesithrspel-asn &lln hamanb%dgy huagnent s

are consi degaflodieshlRmadaisivekrnigidd e knewsl inhy ahhleér%fx@hﬁﬂéﬁwl?
greater capillary Per meabi | ity than whol e anti bodi es | owi ng, si ngl e-chain

anti body fr aewemag QSIqSRSRINSY S SRPIANGER 627 B geapaggst *?sg@mlmsmma&%. tes

nore ef i Ci gRiiden toAl tisgdit hﬁﬂ@wfn%ﬁ%ﬂ?ﬁbén FRAIfIdE REpPHISERA Plbddies in
relatively large scale n prokaryotic cell thus facilitating their

product i on. r¢SRPR$RetOAsNiIgeNie H'éf““'P@Q%tqu\t/é’h93%%dqge§‘i’%e|°@ifha¥? ﬁ@?red'éﬁ%{?ﬁ’r ant i body

fragments WEK@@pFaFWt@anﬂé&zs' tthQ!a)ﬁ HeQJsBH%/ ﬁ\‘éﬂe alicH SANbB8Iek %ﬁe%’éb%ﬂbéd“un%s
reci pi ent than whgl e ant | e-chai n anti body fragnents

gener at ed b?a‘i%tseédﬁgﬁ%l%ﬁ%@az §rﬂ%0b1§8yoﬁt§’}5%8'qélﬁ%§ﬂed@°wpb@ g}eyarb,Fy UY i | ar

techni ques W@rlnbn%ﬂm.és%ahhmemsblble%oﬁrcbu %%}arlJJ%Qﬁﬁ)IWt@EI% g8, e _
produced, for exanp in eukaryotic cells or prokaryotic cells, 1ncluding

bact eri & Tﬁaa@pqi'ﬁ@i@éow)@the'wgl @lﬁ@!@hﬁufﬁt%m%fsqereswé 2t Nasv &4 S8 can al so

be gener at ed 7481179, 5,845 806, a(hhmﬂsﬁpbﬁd/lnft@h&%%l ﬂfél%pbrbaftlbﬁp%ltcatlém phage
di spl ay nethods, functional an nai ns are he surface

R R e R R R T AR O T Ao

them In pawdos)3ar35,4aWoRagm7a s raférehécsafcdrpordictitya¥fepdticedparehi ndi ng
domai ns expressed froma repertoire or conbinatorial antibody library

(e.qg., humaBNHeteRr | ne). Phage expressing an epitope- binding domain that
bi nds the antlgen of interest can be selected or identified with antigen,

e.g., ué¥ngThe EQSPBH”%\‘?W'P@@FP%M”&”'Z@Q@HP%P%‘Effﬁgwnfﬁthgﬁ?ﬁ’f ichor bead.

30Phage Useﬁedo@n&QE@ﬂAﬂﬁéde@ﬂﬁaﬂﬂ%cﬁé&%rﬁ@%dnﬁté il afﬂSBéTE@é@erﬂbéﬁﬁ]ehﬂﬂ{eJdl ng fd
and ML3 bi nd |ngpllzoma| ns expresse from

di sul fi de- sPHBRANFSSANIRPAESII’ 6B edﬂﬂ%lf‘% ’g‘é'btﬁﬂ“erﬁ%ﬁ’ftha)\/eF%W'ttoﬂabﬁ'ti"ﬁér t he

phage gene td hhBf geRNe oVbbbndHr@bEeibressmg s EppAe sedtptdhagefugthgp! ay net hods
that can be used to nake the %EI'[O - bi ndi % fragnments of the present

i nventi on i REPQEEENHRhYNRE @prﬂy Br ¢Rile Pr@ﬂ%fragﬂ%@er%"f ha¥¢ Heunol .

Met hods2s 183dd|ﬂdna59bllltg~ﬁ@ﬁwhﬂiit&he midr8én ofle mbBIINE bandde tBIPEreskRt thd 77- 186;

WD 2011/ 039724PCT/ 1B2010/ 054422 26
2 receptor.

A preferred embodiment of such a humanized antibody is a humanized 2H11R35R74

antibody, or an epitope-binding fragment thereof.

In another preferred embodiment, the humanized antibodies of the invention are
30 obtained by site-directed mutagenesis of the polynucleotide sequences encoding
hu53.2H11 (WO 2008/010101) referred herein as hu2H11.

In more preferred embodiments, there are provided resurfaced or humanized versions
of the 2H11R35R74 antibody wherein surface-exposed residues of the antibody or its

fragments are replaced in both light and heavy chains to more closely resemble known



Kettl eborough etal., 1994, Eur. J. Immunol., 24:952-958; Persic etal.,
1997, Gene 187: 9-18; Burton etal., 1994, Advances in | mmunol ogy, 57:

191- 280; WQRomppbizéati on No. PCT/ GB91/01134; PCT publ i cRCTORINEF49LY 02809;
WO 91/10737; WD 92/01047; WD 92/18619; WD 93/11236; WD 95/15982; WO
95/20401; and U.S. Pat. Nos. 5,698, 426; %) 223,409; 5,403, 484; 5,580, 717;
5,427,908; 5,750,753; 5,821,047; 5,571,698; 5,427,908; 5,516, 637;

D, 780, 225; ﬁur@gﬁ’azﬁgody%uﬁ§§es74’ﬁeﬁﬂﬂaﬁlze?@QHl%SRﬂaémle(ﬁy m&tbpé-%mdmg

incorporated herein by reference inits entirety. After phage sel ection,
t he regi onsTagmenis thavaefef dircrrarery "1\4%’“%%@WWPEOV@EQ@F%“I%OF%%% used to

generate t hﬁuﬁ@h&é’(ﬂ)QHm F@ﬁbm StREARE bE it WYY PIPISH O thetdbf Bp &Ry
10host, including manmmalian cells, insect cells,” pllant cells, yeast and

bacteria, usWgnireEshDH? ﬁ%@?t%moﬁeéﬁﬂfﬁ@bb@y‘e ré“'@a”'z%isz"ﬁ@WRBéém by ai |

bel ow. For exiedpeliindik§f: &H@%éré’ofrh%%’ﬂ%'élﬂmohﬁl dlﬁl@ﬂtdﬂﬁmﬁ@the dréRih G4
F(alp')2 fragnents can also be enpl oyed using nethods known in the art such

as those di E@hﬁ%&pepwrpmfeps%g relati on WD 92/ 22324; Miullinax etal ., 1992,
Bi oTechni ques 12(6): 864-869; Sawai etal., 151995, AJRI, 34: 26-34; and
Better etal The bg@gnlzg@ Vetons obthe: 2"@65@5864@”“[&95/@"? @lﬁgﬂc@ﬁ@Q%rai‘:W@é‘?(bor at ed

by refer enCﬂer‘e“h WitetdspBéttd frRir réSpecir@aMINe chf sdofBhdtis B 8sthighEdhLrRéavhe used
to produce single-chain Fvs and antibodi es include those described in U S

Pat. Nos. 4C0BVvarablargionsping DNgseqyearemoidhapenesiiooine lightansidieayvy chain

Enzynol ogy 28%pidRoits, tﬁ@lrhe‘?lttlﬁ’éatlon 139% ChiR9Ghe H@ﬁt’lfrcaﬁ&ﬁé#‘th@%urfalée%nﬁwo 90:
7995-7999; Skerra et 20al., 1988, Sci ence, 240: 38-1040. Functi onal

Equi val ent s 3RS ASARMER Gia MPANs Ioethel Garession Hbrepﬁméwen&fﬁrr&rhéowqyﬁét i onal
equi val ent s taf scdoB& ofihlel grdent MEARAGY nétthitedto amne%%da@bmeﬁw%m@m@pt or

anti body. The term "functional equivalents"” includes antibodies with
honol ogous g’@égéﬁ%l@‘lceét«ipﬁ@@q All grtibostieg @éj fragments that specifically bind to EphA2

receptor are included in the present invention. Preferably, the antibodies and fragments
15 that specifically bind to EphA2 receptor antagonize the biological activity of the
receptor. More preferably, such antibodies further are substantially devoid of agonist
activity. Thus, antibodies and epitope-binding antibody fragments of the present
invention may differ from the 2H11R35R74 antibody or the humanized derivatives
thereof, in the amino acid sequences of their scaffold, CDRs, and/or light chain and

20  heavy chain, and still fall within the scope of the present invention.

The CDRs of the 2H11R35R74 antibody have been determined by solving the crystal

structure of the Fab fragment of 2ZH11R35R74 in complex with the extra-cellular

domain of the EphA2 receptor. The residues from the 2H11R35R74 which interact with

the extra-cellular domain of EphA2 have been identified. Accordingly, antibodies and
25 fragments are provided that have improved properties produced by, for example,

affinity maturation of an antibody of the present invention.

The mouse light chain IgVk and Jk germline genes and heavy chain IgVh and Jh

germline genes from which 53.2H11 was likely derived have been identified, and were

disclosed in WO 2008/010101. The accession numbers of said germline sequences
30 are respectively MMU231196 and AF303833. Such germline gene sequences are

useful to identify somatic mutations in the antibodies, including in the CDRs.

The sequences of the heavy chain and light chain variable regions of the 2ZH11R35R74
antibody, and the sequences of their CDRs were not previously known and are set

forth in this application. Such information can be used to produce humanized versions



25artificial antibodies and nodified anti bodies, for exanple, wherein each
functional equivalent is defined by its ability to bind to EphA2 receptor.
The skil Iwo 2ari3gza wi |l | understand that there is an ov@cCTAR201H034AZ2 gr oup
of nolecules terned "anti body fragnents” and the group terned "functional
equi val ents." Methods of producing funct2bnal equival ents are known to the
person skilled in the art and are disclosed, for 30exanple, in PCT

Appl i cat i on oW D3{13R35R74 EHﬂitfb@galﬂis%% iR to Bt AR #R4RMankXed 2PRRBERYL ON WO
89/ 09622; European Patent No. EP 0338745; and European Patent Application
EP 0332424, apifodiesaféhg 'HW'QBrbatslé@rdlrﬁc"?%élultageé%é@%)h%"1énfr hes fhumanized
reference. AR EBRAD 8atidMdldR JP@vEH d&%ﬁve%%‘?ééﬁélwﬁe BE& APeReRBINPQHRAL o L h
amno acid WD 2011/039724PCT/ 1B2010/ 054422 27 sequences that havé sequence
honol ogy wi the @Riysatesaf hesrgeriéwestioran anti - EphA anti body and a humani zed
anti - EphA anti body of the present invention. Preferably honology is with
the anmind acdhds dRgrRATECYHMEPh iy HveRlaNPPEdpOMEMNTIZadRntiRAdies EHPRAICRAT i body
and humani z gghgmtiaghRnftramidr BeRridhg bREoMhERETDRE AXARG bR BminoaRGHeNce

5honol ogy” as applied to an am no aci d sequence herein is defined as a
sequence wi FRAUANCE sglgpted fiont the @vgurceansistng/pf $E4D NOF JoR2sdduénéenRonol ogy,
and nmore pr gfR&Rdd dmBEditBAS thedRPvini2a%UntiB&Tes Sihe ind8fononRiike serRYSNGR

honol ogy to anot her am no acid sequence, as determ ned, for exanﬁl e, by the
FASTA sear CHGW%@W ardl 3fdRast aam bt gheiR, %?@(ﬁ@'d@rﬂﬁfv}iicb@fﬁﬁ?mmwt Foc. _
Nat | . Ag@d. s@gientitd-CHRs hattvg ardthbcidlétidReesteflabambd by B IPONDS! §, DRAJI N

whi ch different portions of an antibody are derived fromdifferent ani mal
speci es. FoPs %W%‘Fré',” spifl light P*b%@yornaﬂﬁeﬁdhr&e\ﬁaﬂw%'ﬁbCPBgihawnaém'%%mq' roma

nuri ne nNonogéQiAbesiprdRAE IR S IMNGS: @, BUsRIG.i mrunogl obul i n const ant
regi on. Methods for producing chineric antibodies are known in the art.

See, e.9., |i&ndbrhbbdBnt, HiBRverHohReIes22RimdARRs 24 1FRISR7 4, anliBSH) or
Bi oTechni ques, 4: Gllies et al., 1989, | munol . Met hods, 125:

214; , J. :
191-202; U. §29pgpts theseof whigpgomurises 2 \aqavigAn ARRC 2C FEI8YEE GRAPISIN G e
i ncor ponsit edERLICEND. Y. 1h @hStheNGRbddimbREthis iIBRrtioR tor®fdestnBRamad f or ms of
chinmeric antibodies are made by substituting the conplenentarit

, : y .
det er mi ni ng2R&§REMR7 bantibpdy ouikagments thererh MAEChG0MANSER/2 Vi REYNS RGP
framewor k 2@giasehilence-BnsistiRfofRED BURO M. WO 92/ 22653. Humani zed chineric
anti bodi es preferably have constant regions and vari abl e regi ons other than

t he conpl emang grdférvedehBEdimBAtNE hURGhRBE 2HCPRSIR LA IbeEy BUREYide, imdidhy Or

exclusively fromthe correspondi Hg hunman, ant i bol%¥] regi ons and . derived

subst ant i al PWB?SG@@F%W@@Q&VM 9 3pd AERsHRNRIINE A RIRIRRA92SAYY i fi ci al

anti bodp@s cRgih 48@pasdsvhicdeaggesitsl CORaPAdINGSmitd é@@@éﬁl}éﬁNgeé Ripfeteatddes and
ture

nru (see reyi Wnter, .G and Mlstein, C, 1991 o :

293- 299: Hu%ga\,ﬁ) 'I@.sﬁ 1.2, 664 3. &U?rﬁghﬁa'ﬁm%icgﬂ”icﬂmpﬁ?ﬁﬂbi%ﬁﬂuﬁrlt!a?éﬁ’@-s557) ,
(eacf; ;)f \t/\ﬂi ﬁ\ﬁ/\ﬂh@égﬁ\ﬁé(ﬂﬁ%@lkﬁ@éﬁ?p@@bhbiﬂﬁ sollam IROS: ﬂ%,%n@'@Wﬁel{%’i’n éaf)ildlgﬁent
SCFV), e and, onal Nns Oof an antl DO, ar e a exl e
pepti de. TyPFe4 §\ain hasian aMIRREFIdRERLEREE qoé‘s'é%&?f 31%(5 gﬁ'ﬁﬁoqéc‘?#‘@@?@@i dues
|l ong. |f theaibiligkteshainshaharkinglac@rseqli@icetvaspiiny & SEQ MNacihds, di abodi es
are forned, which are bivalent scFv diners. If the linker is reduced to

| ess tham t PoFAudsdtiiesAIctbrs,emidtheescellsr i meri c and tetrameric structures are
formed that are called triabodies and tetrabodies. The snall est binding

unit of an antieleadjdsi ehcadifPBnti-EppAR ahlibodidsef RAvadtioh aee peargd dhaine whi ch
has suffici %rr#boai ee%it,ftrilecnlnc glgg(r:llidtnimﬁgcu engnc%idggg?]%asyhgrgd/ci)rta I(lngH? cf?aeln of an anti-
EphA2 immunoglobulin. In a preferred embodiment, a single nucleic acid encodes a
heavy chain of an anti-EphA2 immunoglobulin and another nucleic acid molecule

30  encodes the light chain of an anti-EphA2 immunoglobulin.

In another aspect of this invention, there are provided polynucleotides encoding
polypeptides having an amino acid sequence selected from the group of SEQ ID NOS:
1,2,3,4,5,6, 8,10, 12, 14, 16 and 18. In a preferred embodiment, the polynucleotide
of the invention is selected from the group consisting of SEQ ID NOs: 7, 9, 11, 13, 15



35used separately. Such a fragnent is called a nolecular recognition unit
or nru. Several WD 2011/039724PCT/ 1B2010/054422 28 such nrus can be |i nked
t oget her wothiigiser2t | i nker peptides, therefore form ng ROTAB2016/D3442

bi nding protein with higher avidity than a single nru. The functional

equi val ents of the present application a%o0 include nodified antibodies,
e.g., antibodies nodified by the coval ent attachnent of any type of

mol ecul e t Oaﬁ@ww.h@&ﬂ&sn |sﬁ%t nﬁf&@-&fm &id B&%ﬁﬁdl&ﬂudé@bé&%lﬁ%lsbm%lwb% all

anti bodi es that have been nodified, | ycosyl ati on, acetyl ati on,
pegyl ati on, PRHBLPRRIIEGS atsp@wnggmeaa&&(b% 'd%néWW fs%pp'anu%fg/otwﬁ@m

protecti ng/ bl ocki ng groups proteolytic cleavage, |linkage to a cellular
ligand or ot T he ferpy oplnycledids’ asriereqs gl herin me@aéﬁrpéwmqalsé@nh@‘tnu&le@mﬁ t he

anti body frgmdenenatbasss ARy, 'eﬂthé’rI rﬂio)ﬁle@otTo%%l%@Gé&(ynTaéétﬂjegQﬂlafmmédons
may be 10carried out by known techni ques, including, but not limted to,

speci fic® chmle'tﬁ¢réé%@@uc§@8@®ITé‘Fq‘?fﬁ‘ '”F'HP'%?'QQ'P@HO' dﬁﬂ*ﬁ"ﬁﬁgﬁi“é‘?dsf%?%em S
of tunicanyegipnaetc. Additionally, the nodified antibodies may contain one
or nore non-classical am no acids. Functional equivalents nay be produced

by interchangé 'f@nﬁ‘ﬁofa@é&ﬁély%h@é" & (el RPdin Sha rHéarV\éa bbﬂyﬁucﬂ'écft‘kjéro? nt
framewor ks. Thus, for exanp fferent classes of antibody are 15p055| bl e

for a given gg@qmlefcmsor@yn%%@ﬂ%?r gingeorppipatiandhereab MNFIAWATHE ofiSer eby,

for exanpl eqr g%%olétga/bow&leo’dzlded@@.s dcﬁﬁs@mgt&ﬂwh bWBﬁép@rﬂQn beSt ypes nay
be produced. Simlarly, artificial antibodies with he scope of the

Cnventi 80 magVBRElentdEL HhIchhesiBRtRd PRy OIS Sden gt (g B IoPRraRlY

entirely syphattba donaewetide which it kst lihieto i AstuM2 e [¥) JoBBMotctieadi |y
produced by nutation, deletion and/or insertion 20wi thin the variabl e

and/ or consPéer?%@@%ﬂf%@éﬁ%ﬁ%‘éerlcﬁat flank a particular set of CDRs, using
a W de vari et% of methods known in the art. The anti bodg fra%gents and

functional &HBIMVENUSR OYFes KREIYP SORRTISING ERANBICIERtdRRRI LR INKELON DI BeUI es

w th a det eghdBlithe?he e Gecddr d@hfﬁhs@pél%@l@bﬁae eHétﬁJth@ﬁwaﬂahQ)ﬁah%ntl-
2H11R35R74 nt| bod A det ect abl g/b ’%rQS‘SF“&BT >§and| includes all values in

the rande Z8hof Iy unegiequlin on AReHHe lgtpOfygﬂgngeotgi%ncg@% B ligbioyg

nmor e pref er ahdid ofhin b@tﬁEthi%m&%@lotﬁnﬁ%Tf&Q%enﬁ&ﬁa%b pP@fedshechirgidi ng abi lity
of the nurine 2HI11R35R74 anti bo nproved Anti ? (gl es The CDRs
are of pri mEPYPISRBDPREMALAIES ”&W%@”F%@B@MS{Q”&W@W& BRtiBdaYedRs ng.
30However, ghmgsragm\éngea,ﬁmg@bégtﬁe%freS| dues that conprise the CDRs
without interferi ng with the ability of the anti body to recognize and bi nd

its cognat elre@Idbﬂﬂ@EBpre%é tWI@éaWh b%ng@hﬁglﬂ%?amfwthe%tlf@dhﬁafefrﬁlbbdlé@?ttﬁ@e

recogni £l on, crease the binding affinit ody for t

epi topeE ’l‘fé g‘ i PSP e5 oY ?'fé‘fé %?@f&%‘@%t A S indeea s
expression vectors such that the genes are operatively linked to transcriptional and

translational sequences.

"Operably linked" sequences include both expression control sequences that are
contiguous with the gene of interest and expression control sequences that act in trans

25 or at a distance to control the gene of interest. The term "expression control sequence"
as used herein refers to polynucleotide sequences which are necessary to effect the
expression and processing of coding sequences to which they are ligated. Expression
control sequences include appropriate transcription initiation, termination, promoter and
enhancer sequences; efficient RNA processing signals such as splicing and

30 polyadenylation signals; sequences that stabilize cytoplasmic mRNA ; sequences that
enhance translation efficiency (i. e. , Kozak consensus sequence); sequences that
enhance protein stability; and when desired, sequences that enhance protein secretion.
The nature of such control sequences differs depending upon the host organism; in

prokaryotes, such control sequences generally include promoter, ribosomal binding



29 Thus, also included in the scope of the present invention are inproved
versions of both the nmurine and humani zed anti bodi es, which al so

speci fi cawbyorigseyai ze and bi nd EphA2, preferably w th iPoeABge0S4att inity.
Several studies have surveyed the effects of introducing one or nore am no
acid 5changes at various positions in th& sequence of an antibody, based on
the know edge of the primary anti body sequence, on its properties such as
bi ndi ng andsite,e\é‘ﬁh tr%hs&?bﬂé@ﬁh%h&#@é@en% |Reu@§r%tes g%%gl%ﬂy %uclMéJ)ntrcﬁ' 0'

254: 392-403; Rader, C etal 8, Proc. : .U

8910- 8915; Wﬁﬁs ingludg praspeers a”ﬂQ%SCW%'PGﬁ%”ﬁi%@@éﬂ%”@gﬂheﬂ@"m535 539)

10I'n these sighibfsoquefittsY Bl ifBhIedh ibdGddat Wlﬂnﬁlm P eekpbRRs RRSSE gener at ed
by changi ng the sequences of the heavy and |ight chain genes in the CDR1,

CDR2, CDR3, PESeRsaiTERpaItial f PUNESSIQnspHhPREessids 234,630 algo include additional
ol i gonuck eOt:brgEom Aok Shiandid SelAthyBiladanssiie RABBPURCREATIRNEST S,

error-prone ling, or nutatorstrains of E. colil (Vaughan, T.
J. etal., 1%@”%9?@%6@%hnol ogy, 16: 535-539; Adey, 15N. B. etal.
1996, Chapter 16, pp. 277-291, in "Phage D splay of Peptides and Prot ei ns”
Eds. Kay, BIhitergy’ é(PCtor PRRSS rt?@?é%ﬁ}te”dﬁﬁé%éefﬁ'btpﬁd&@%ﬁ a‘&%ﬂh”@%b” t he

sequence of cé;ﬁ%l@éﬂt%rsiéorﬂﬁ bn‘%’tﬁé{r rﬁl%\éﬁ‘c é&étﬂd’vﬁi@h it%ak%@ér@ﬁrﬁx‘éda@fwé jpeiges of
t he secondary anti bodi es 199 Proc. Nat Aca Sci .

U S A, 89: V%‘ﬂ?rfi's@S"B@smB’od@rﬂ'Ch @fer?to étC!iPmar %@b’ stianged DN&t'POp W(E%Wh"?@m :

U S A, 1@7 ad@ & b@d%%gn%‘t’d l‘ﬁ§y béhgeﬂ@@' m&@yﬁw&ectbr bS al\@@Pvector,
| mmunot echnol gy 2: 169-1 ng . etal’ Mol . Biol., 256:

77-88; Shor tvhefgin additigng| DNA?@Q'Z‘G My %‘F I'gmmo thg-;rn;ral 9.?5‘96@* @6@@'0
Furukawa, Kye&bmlare c2fible of%ut(ﬁldﬁ%ousq?ﬁ%btlorzlﬁ@ hodt BRn AN they ardy a

simlar directed strat eg changi ng. one or nore am no_acid residues of
t he anti bod{PiofHeek&t 9b @l‘i}e%%dﬁ‘éﬁ@é?vtﬂ‘ésac?q%%@' PHoiR R ePliGRIEALNB fPEAMabe

used to devma@ﬂnaéa%bm%qmea%dt&@%? Nint BpisBRBOHESRANTMAE VéH18) cdrsd udi ng
[ rrproved affini tédf or Preferred amino acid substitutions are those

which: {4) iniearaeditle dEnaameme 412 st BrlbiRaBI iyseduicligrointa Balest cells@iht i bi i ty

t 0 oxi dat i Ofheréts) ardlréSicate REENAGvie the Rbétygehemef or M ng protei n conpl exes, and
(4) confer or nodify other physico-chenmical or functional properties of

such anal 0ggertdinalee@ss sadtabaisik elGiretBhg eéSexrdsionof gbnas BEIGEEy atdher
30t han t he nat ural IP( occurring peptide seguence For exaRr}’%l e, sli ngl e or
tgm)rﬁésl

nul tiple anPReratly "éﬂ?ﬂs?ﬁ“i%‘chiﬁ?ﬁ%a@ﬂﬁfﬂf@ﬂ %hsr%%é?mt? i d
substituti 00§6to@¥or@ﬁnwd@xbr@s§|(ﬂ€vé&drb‘0ah|g\én@t%¢'é&bﬂe@§oﬁ9§l¢i6ﬂ%¢‘cﬁ ufily &f er abl y
in the EOI"[I on of the p X%e(g@ﬁde out si.de the domai ng%t& 96%

i nt erno %cur%o%ﬁna@{“é\)te SE¢ PP JIMQfinRs Mies- ¢n ?*?et”utsﬁ’ icgfiqul d not
subst anti al ryaghianged Tv@@toﬁ'trﬁégﬁbélns'?éd @fé?dh%ﬁg@éblﬁéé, e Msniib® RameRt sequence
WO 2011/ 039724PCT/ 1B2010/ 054422 30 acenment anm no acid shoul d

not tend toCBPERRIVAISRE PR ¢THYEFL0p eé’e?ﬁhei 'ﬁéerﬁg’Pé%Pt%‘Q&G&@é'“d%F“m srupt

ot her types fdinsPeRNEedion ﬁédtdt@twcﬁ akhatteabia amhias, vess, themipaefbviagguence) .
Exanpl es of art-recognl zed poly tﬁél de secondary and tertiary structures
t

are descri bEGVIFPOERSATES. ﬁ”tdlf’él 8@eéYﬁft%lt@6¥nea?k”pP|r?ﬂﬂ pil&gov e Be ght on,
SEd., W5 H. chiveamsanioraas (AngRae ¥xprisionysiitke hdBFbndiorlightrcpdimglor e to Protein
Str UCt ure antibodies of the invention. The skilled man will realize that the polynucleotides

encoding the heavy and the light chains can be cloned into different vectors or in the

same vector. In a preferred embodiment, said polynucleotides are cloned in the same

vector.

30  Polynucleotides of the invention and vectors comprising these molecules can be used
for the transformation of a suitable mammalian host cell, or any other type of host cell
known to the skilled person. The term "recombinant host cell" (or simply "host cell"), as
used herein, is intended to refer to a cell into which a recombinant expression vector
has been introduced. It should be understood that such terms are intended to refer not

35 only to the particular subject cell but also to the progeny of such a cell. Because certain



(C. Branden and J. Tooze, eds., Garland Publishing, New York, N. Y. (1991))
; and Thornton et al., 1991, Nature, 354: 105, which are each incorporated
herei n bywoebersne. | mproved antibodi es al so i ncl udecrhsyego/ediuinodi es
havi ng i nproved characteristics that 10are prepared by the standard

t echni ques of animal inmmunization, hybridbm formation and sel ection for
anti bodies with specific characteristics. The interaction between the
constant regigaficafiordmaANsdPMYsuRBE @%é?ié?atl'c:)ﬁs HBE BPEiP? mukasR.ri s bel i eved
to nmediate the effector functions of the anti body which include

ant i body- deﬁ@ﬁﬂ@ﬁ‘[enl?é!rlﬂHP%ﬁeSc%CGtRﬁ%Qﬂytr?ay('KE)OG)fathtP@('QE”t&Q' torthe BafsNEeRint |

phagocyt osi gydxand helubed bvft%%e?@édb@‘%ﬁtr%ftanh%&FEélp%ghsea/ﬁéﬂeﬁﬂs
nodi fications to the constant region of antibodies of the invention nay be

carried out TEgREMELNEH &4h BBy SRBKIRH rﬁétﬁ@@fdrYntro%QElngb@%u&eot%l’s\@%é hC
mutations in the constant region to render an otherw se |ytic antlbody,

non-1ytie i §ogtsehiTush meihegs @GZ@"MGBT chfhg e idlter in Hpsart E'Fd BRYdEay

i ncor por at edéxt%'—MéGi@teHQn%‘ﬁ%%atmnn9él8|9n1gﬂio%@tpﬁe $%|tbr@n BlybRAYMEdlated
i ncrease serum half 20life %Hsee us here are five currently

recogni sed HaR¥RCtiopyPiogpiast Bision, ﬁeg@mqtlonwpﬁlaat'%qu polymlariife itand
neonat al  FcgBesorftisebifstig linj@dtion Ghd %ir@d:t rbRMjectidd of BRAlntoGRerki. 2001)

demonstrated that a common set of 1gG@ residues is involved in binding all
FcyRs, whil ankiey&y FragifledteyRI Il utilize distinct sites outside of this
common set. One group of 1gd@ residues reduced binding to all FcyRs when

al teredi1¢ o ah@ahfdiddrd tHe3freserd nvBhior?ABludé\BBthArR® fullAsryt? ArftidarsPr o- 239. Al |
are in the 1gG CH2 donmain and cl ustered near the hi ng%ém ni png . CHL and CH2.

Wi | e FcyRl dBFYISES @80%h 35 W@ EpirmbPeding dregmgals- fed eNorayPedi ng,

FcyRI I and ﬁ@A?erhtb inBlLe& any p&wlbﬁ\oﬂéﬁéhtmébyH%‘Héibi%therbtﬂﬁ}dtdblﬁmtdtﬂet he
common set. teration of some residues reduced binding only to FcyRII

(e.g. Arg- ZQEﬁo%rreWeFjlbyéb‘? gjlldeng@ antkhedy. 9essrAYY (eiMedneRIPRARRANS npr oved

binding to ﬁ@yﬁbhtsorEMd of dtibo %gmnt@fnt@aé thit Bed N likted i FAbhEsL’
receptor_(e. i nproved bi ndi ng??to FcgRI | . but bi ndi %Fﬁo\q FcyRI 1]

has. Unal® ocPBAFEROR TG SUREIGRIS S ARD e HRFIB PLRP IR g 0

FCyRITT wit (ugreylaed fr@dméris bompiighty &ithek Bey, @F NE redi6E axpitdpe- bmdm ﬁ%@rnea&%l a
i nproved binding to FcyRII1 and reduced binding to FcyRl I For FcyRI || a,
the best bi mi%&glw'e “ChD 204! @?9??&@@1“)%@6‘?%?6@@22‘%9 \APT&PHE” had

combi ned al gpibRatsit thetdnBrsy ata §©{|or288theﬂ>lld>wﬁgﬁhih@6r @n%iﬂ cihend
neonatal FcRn_receptor is believed to be involved in both anti body

cl earance aft3@A®2MSanscytosis across tissues (see Junghans R P, 1997
| munol

29-57 and Gheti e Ann Irmun

739- 76692 S Seyaents Biayipala et o St BBD a0m Rt s cARe HIEp S h homan
gstn Ih ncl Ud@ﬁefél%B?&hﬁ%mB&ﬂ/  fragreettd %onTeﬁih agzg cﬁﬂ)m§ﬁﬂihemﬁm%nw® Hltﬁélggiﬁ

tches at an (o) t hese SIt]ons SCri pe 1IN thls sectl on e
Tncr eased sERGRERSISPIRINTS AT (AN 21! CERUD 'BHIPRSRHEN B SBET-IPUD OFe SENbodi es
oft_tBed! nvea}ge ?léb fu_@bhﬁfatl rmdhénlggfraymnlt@?by@e oﬁh‘bé?%gibgfe'rﬁémb@fslomahﬁ on t he
antil podires o L. nventi.on atl o | | nserve
el o one” fhe b e M yreg B SR v A0 88 e SendieT T et on

ant i bodygs f usgthdlayzes pasrédfcul arly effector functioning such as those
descri bed above, see for exanple, Boyd et al (Md/. Imunol,. 32: 1311-1318,
1996) . QG yceayhkat iFp )y&egraems ntdy Begrodindddiydiretzoytic deévmnubn@dnmes

fragnents ther eof of t{?:e esen% i nventi @::2 t\h/\g rein toge or nore carbohydrate
moiety is adddh 20t ré‘g,mef 481 BTy PPMEl"™ar e cont enpl at ed.
I ntroduction of .an a , pe-X-, i ne, or aspar agi ne t hreo not i f
creates a pibsnﬁ'?gﬁ?*@?m o S5y P E T ERGIR o1  LP By 8 i EoPBIet i es
and may t heaelbastonedragaeat dfaamanibpdy héavytcheinglayielos yegivre(\o)) liskedaatat keasty. | n
Ea] u et 36le ' og‘u B%rggrggrw o?taF]yeqnﬁt?odyqlgﬁgch%%i)’n?vérla%% reg?on (\T)S 'I'r?er Imkgrarlnas/ glaysI atl on of
flexible peptide selected to ensure that the proper three-dimensional folding of the (V)
and (Vy) regions occurs once they are linked so as to maintain the target molecule
binding-specificity of the whole antibody from which the single-chain antibody fragment

is derived. The carboxyl terminus of the (V) or (Vi) sequence may be covalently linked



TNFR- 1 gG i nmunoadhesi n was i ncreased through a process of regal actosyl ation
20and/or resialylation using 6-1,4-gal actosyltransferace and/or al pha, 2,3
si al yl t r anef2er1aser24|l ncreasi ng the term nal sialylation PSThB21&VRA2Y O
increase the half-life of the inmnogl obulin. Antibodies, in comobn with
nost glycoproteins, are typically produc® as a mixture of gl ycoforms. This
mxture is parti cuI arly apparent when anti bodi es are produced in

eukaryoti ¢, pparihk&tb ad é(mu'ﬁB%ﬁi'tb@ﬁln@se&*ascorﬁplgr%éht%é/yv?)for%ﬁnﬁ‘éeﬂgé&ehaVe been
devel oped to manufacture defined glycoforns (see Zhang et "al. 2004, Science

303: 371, S%ﬁfgfe @rﬁan@bnhb%@?%a?lﬁﬁhl@r&ﬁﬁle@éser@mmld%ﬁ%n 8hirR) acid 2002,

Sci ence 298: Davis eta em Rev. 102: 579; Hang etal., 2001,
Acc. Chem RE&8Juesges having atiprgl opp ef theweriable R G@HPI@WﬁP@f'g’Sdeéerm'@J?%rqgﬂnsof
(rmonocl onal ICI@Rd) £y drarkd ®Rol6 Whtisdtid®yeskBL&f intthe sb&ﬁldaﬁ@rﬁ meare%ékmd e dr as

herein describ nprising 30a defined nunber (e or |ess, for exanple
5 or |es3 satRfths opuﬁa@rdow%nwt@;segwew'% rﬁ*@?e 6@”%%"6’%\@“%%‘%1?‘@% or

anti gen bi nﬁbé&safyagm&n.tggn biMAMObut cBhgtn@tte%rrﬁaJor m.ewsﬂthamru&my Srfcor di ng
to the invention include in particular antibodies with enhanced functional
properti es. atiibagigse Piapler¢hady @rdibody Bagrnes maxtihersipre sveireRe EAMERERS abil ity

to nedi ate prlpldmhdsssorbRldaxitthelbe et éﬁtleHﬂ%"cbﬁ‘t@ﬁn@Ué?Barﬁ@rM coparen
anti bodi es may be obtai ned by naki ng le or multiple substitutions in

the WO 201ﬂP@Q@?EQWMGWJ%MQ”@?%BH@W&W@ t?%@@%ﬁ@ @rungegrednt i body,

thus al ygri ﬂﬂer’a&tﬁm’s'Ueﬁﬁ&%tbl&ﬂgllé\éltnﬁblé&@ef&wdrtﬁéﬁBé\Rf&ald\/&iﬁéﬁh@ﬁref n, @esi gni ng
such nmutants can be found fo La al 006, Proc. Natl.

Acad. Sci . ether A”Wi@jg‘é ?P}OQ'C@‘)@@W%f@)d't'éﬂﬁ'y@'aﬁlﬁﬁiha@tadlt'go‘éﬁwnenjs agp| .

Bi ol . 336( 5tonslde3ol g%alle;sfiﬁ‘erﬁ\lrvﬁéle@Ql&ﬁﬂ&7£@7rﬂa¥/\fg@r§&@44aogg?&?er ABliary

2004/ 099249, 5 W)2006/ 047350, WD 2006/ 019447 2006/ 10533

2007/ 041635 Peimeabdituihap V"[B‘B&erﬁ'p%d'?% allowing single- ?h?ér?sa%tl?@@y fr?%’ﬁﬁ'ﬂtﬁ t‘éW@?'ﬂ?@er ed

for product bp@pRY tb tmg&\é%dganb.hamglsﬂés mbFe éfﬁé.ém@umb; aﬁtfb@éffrbgrﬂéﬁs Rave
altered regulation of th elg cosylation pathway, for exanple resulting in
n

anti bodi®s RRPE{USEEOPESE @&eyf'fcéiee'ﬂ PErKaBXpdR cellst qusjaﬁléetmgd%'rat ed. Such
cell lines Bfudjuﬂiﬁinhgdﬁhérﬁfor@ml% %Nbl?%ﬂéﬂ%‘ﬂe&ff%m@lé&{aﬂﬁﬁﬂlbb fagments

10Shi nkawa etal . (2003 . Biol. Chem 278(5 66- 3473) rrara etal .
(2006, J. mesta?mﬂ%%@w)o prg@?@O@@“”?G@%’O”B‘?&%@‘fmn NYEE 93(5):
851-61), EPsAtidG2s527 Bl, EP 1 331 266, EP 1 498 490, EP 1 498 491, EP 1
676 910, EP 1 792 987, and WO 99/ 54342. Further enbodi nents of the
invention i smgwi@namnémtm@dyﬁégmtenfsmeay 5/ GeHer Bd BY r’rﬁil‘éduﬁﬁ@loﬂaﬁn@l Ativagy
fragments ther eof couEkEed t 0, a non-protei naeous g)r

pol yet hg¥ en8hgdgdigplay @yorﬁm'&%ﬂe&apwﬁ%wswwn th%é\‘%ﬁ(%ﬁ%ﬁ@ﬁ%e

Conj ugati on Fﬂfteul% ﬁia?lb@?pr@dth&Got §xaﬁrﬁbl@$ﬁ éblkdr?&%%eﬂ@@#kﬁ‘rbﬁéﬁotfcq{ells ncreasing
half-l1ife o as, well as reduci antjgenicity and inmunogenicity

ot el ns, .
of protei ns'”‘%ﬁ*&‘g&aé tegie. BE%?H"ERPP&'P%& ﬁa%g‘fﬁt%%tﬁ? PFRYEBEINVEMIORERG RISS Pend
styles (i ngéﬁer@fedbfsﬁ@%ﬂéﬂs ﬂ@@gebﬁﬁﬂby rﬂt‘m%&é gadvatinwhg Brti mtpag%e didpiayi bodi es

as wel | as fra rrents?rﬁKoumenls ) .. etal., 2000, Int Phar maceut .

198: 83-95) Mefipds qu sl arbery fonaias ste ?'ﬁ@?!ﬁﬂe@ g euifass o RbaRp RdEles, or

ant i bodys dr uich@alry @3 §SlynRIect @ betiRhess e dingakerhah@iafticurt,|subh aggd er s
have the sane pean and are ] nterchangeabl e. 25These cyt ot oxi c conj ugates

conprise t wsaHPF HE 7986%%8'%1?9%"”3{“%@[‘9 BRI SyPTEgRAH from @ repertoire or

combinatorial antibody library (e.g., human or murine). Phage expressing an epitope-

binding domain that binds the antigen of interest can be selected or identified with
antigen, e.g., using labelled antigen bound or captured to a solid surface or bead.

30 Phage used in these methods are typically filamentous phage including fd and M13
binding domains expressed from phage with Fab, Fv or disulfide-stabilized Fv antibody

domains recombinantly fused to either the phage gene Il or gene VIlI protein.

Examples of phage display methods that can be used to make the epitope-binding
fragments of the present invention include those disclosed in Brinkman et al., 1995, J.
35 Immunol. Methods, 182: 41-50; Ames et al., 1995, J. Immunol. Methods, 184: 177-186;



and a cytotoxic agent. As used herein, the term"cell binding agent" refers
to an agent that specifically recognizes and binds the EphA2 receptor on
the cel |l wWOrbaas972kn one enbodi nent, the cell bindi ng agemtiBap@oifitxal |y
recogni zes the EphA2 receptor such that it allows the 30conjugate to act in
a targeted fashion with little side-effedts resulting from non-specific

bi nding. In another enmbodi ment, the cell binding agent of the present

i nvention ak%ﬁleé@r%ﬁgﬁ bEa h¥od, QSLPQP'I%%an@4@§2%8r PERR! Q'al SPdhalenbhe
conjugate will be in contact with the target cell for a sufficient erlod

of time to ABT:dWHRrepEhabxio4dfdignees iilBr umplogned s dAf2§81 RCT appli
2011/ 039724H€Tbé$%§@ﬂ/@ﬁ%2ﬁc$%uﬁmatu% Waﬁgwtéog W@'@@ﬂo‘?@? &/l/d)@ﬁ/dﬂ@@?

conj ugates to be internalize ) Inagre erred_enbodi nent, the

cytotoxi c c¥p 3gHLELS: d’M@&W@@@nWé?rﬁﬁ/i@%AW%ﬂ@/? Yy apd U $icPtehes bi ndi ng

agent, npres 98f4%a@b2’3 h@@ 5003 452, 81488 R37HY 4o 100w & Bnaiszapisohedy. | n a nore
preferred embodi nent, 6%%ot oxi C con ugate conpri ses a 5hunani zed

2H11R35R74 &t/ 188835 6?7 8@6 L0 647ﬁ94 R .62 ehd: 139et48and 5190, 131 1 R35R74

anti body i segfl 61 WS RESdFHS Al hefC B RN inERMAtiFREept or . such as EphAZ,
and directs the cytotoxic agent to an abnormal cell or a tissue, such as

cancer cell aftel phayelsBle8862thd RYHnGbf thg%a?é%ﬂé%n@ﬂm%é@men%fcah% iSothtal oxi ¢

conj ugates of the "present ‘i nvention is Ocyt ot oxi ¢ agent. The term
"cytot oxi ¢ apeHeed to&en@%th@&p@mﬁe bh”émérf@gﬂ‘@”taﬁ tBipyeh &Pﬁ%@sﬁ'ﬂ%t” 3 enFeBs or

bl ocks fde Eéé\tcﬂhblgﬂmgQﬁarﬁ}hﬁlﬂnfbell@fm&%k beﬁlsaﬂgﬁﬂfell@%é@tsaﬂ?@éétéﬁa 'u@ﬂﬁgOf
cells. In preferred enbodi ments, the cytotoxic agent is_a taxoid, a

mayt ansi noi EECONINans DNfxtehinolay, e-4- §ﬁﬁPPCFEPP9¢j" defall BNy Xamela. vat i ve, a
prodrug, O00tckfRRues to&e@&n&ﬁ%lyﬁﬂa&% FAoNFas’ %fnarﬁ(ﬁ(ﬂ)zmﬁ@hmh%lsdw cell

bi ndi ng agents of the present ‘invention are 15 covalently attached
directl y or eploygd é'P'@Q\'/"%’I‘@Sd‘t”OWBh” E‘IG@JMP@SItP‘Pﬁ@é’r'SC'QS@dt”hBCEﬁU@{'Q%E‘PB

agent. "Li nkgp 92/2@@24'3\%1“&3&@% 19%2aBRTéc sCﬁQ(Gﬁ%BﬂﬂS}SQC@m«Hl leBbNg @
coval ent bond o hai n _of ons that cov a ently hes an anti body to a

drug noil®t y19%d‘s’R’ CHh ot Sofe Gt ér%ﬁa‘?‘é%”qehg"'%sj@%‘ﬂOﬂ%rﬁaﬁ’gat es
bet wveen (1) réte@fibés .hbé]fabﬂageoﬁgﬁr@terémtm HRGQGHHARS. BafhiksiReéHiRyUer MYch

receptor, and é ) a cytotoxic¢ agent. In the 20cytotoxic conjugates, the
cel | bi ndi n§2a %H?eq"ﬂé’soradqﬁegﬁ‘i‘gé? £hain fys prg antihodiesipoudedbess ¢rsCHbRf | iPhe

cytotoxic ag}e@thlaﬁos'i4@4@W7@%H@25@4%¥H@%@K'e@biY19f9q’rM6#sz§meErFHyﬁﬁ)ﬁJg'yg the
EphA2 receptor, such that ot oxi ¢ conjugates of the 7%Besent i nvention

form ef f ect R0 46r§4: iShy eééésﬁt%g i VAT E890PC dHSalo i 198 "EgR 2k ea G bodi es

have begm previgddsEyier@sond:beds-1eap. 25exanpl e, WO 2008/ 010101 di scl osed
humani zed 37.3D7 and humani zed 53. 2H11 anti bodi es conjugated to L- DV4,

N2' deacet yl FlRclidndlEquinaiéntger capt o- 1- oxopentyl) - maytansine, using SPDB
(4[ 2- pyridyl dithi o] butanoic acid N hydroxysuccinimde ester) |inker (see

Exanpl e 10 @isoW2d¥B4ithld e lscops 3fthd PrreHibiBaPiViin diofal b divaibntsSIP IR S0 ) -
EphA antibody and the humanized anti-EphA2 receptor antibody. The term “functional
equivalents” includes antibodies with homologous sequences, chimeric antibodies,

25 artificial antibodies and modified antibodies, for example, wherein each functional
equivalent is defined by its ability to bind to EphAZ2 receptor. The skilled artisan will
understand that there is an overlap in the group of molecules termed “antibody
fragments” and the group termed “functional equivalents.” Methods of producing
functional equivalents are known to the person skilled in the art and are disclosed, for

30 example, in PCT Application WO 93/21319, European Patent No. EP 0239400; PCT
Application WO 89/09622; European Patent No. EP 0338745; and European Patent
Application EP 0332424, which are incorporated in their respective entireties by

reference.

Antibodies with homologous sequences are those antibodies with amino acid



30When conjugated to a cytotoxic agent, the antibodies of the invention
show a nunber of advantageous properties over the antibodies of the prior
art. | n paotocwdsar4 conj ugati on does not affect the affipQiTiB20a6/034422

anti bodi es of the invention for the EphA2 receptor, whereas the binding of
53.2H11 to EphA2 is negatively affected B the attachrrent of a cytotoxic
agent onto said 53.2H11 anti body. WD 2011/039724PCT/ 1B2010/ 054422 34 The

cell bindi ngetﬁ%@ésgthaﬁb(é\%té@&h@nm&@gﬁﬁi% binMNesIcR ﬁq‘éeﬁ'éé&%sa% EﬂhAm)r €
detail below Cell Binding Agents The effectiveness of the conpounds of the

present i nventibaghy aad ath’\’@l‘f%i?@éitﬁ”@ Erérandibadieofdhel prasantinendan dtraferakdy ect i on

of an approﬁBﬂn@Fo@y%e\Mh mb%lﬁ‘&a@rg%%uengélo\‘th@'v@qélﬂgré@&{g&tﬁ@ﬁntpEpm any
ki nd presently known, becone known, i ncl peptides and

non- pept | deantbqy aeéhumn%aﬂ ﬁ@t' -E§BAENHeRAVIRS tfewe%r’frﬁb@ﬁtﬂort hagduease bi nd a

cel I, eishepromBiogy sé)ae&dpﬁlb@tcpén é\ﬂm'osééﬁcéé(qbﬁné@ﬁkﬂ&h is %’l?@ﬂ%'s'dseqh@ﬁc%iﬂﬁn be
ant i bod| es (especi al hé/ nmonocl onal anti bodi es), |ynphoki nes, hornones,
|

growt h fact 8t lgashabedh§Ma, 91PeM%.i B, of Pé%ﬁ@wnwd?%mw% apd oke Reeferably

transferrinkg eQ&t ARt QH")JGQG%QJ?'% WeadlicngosndBeth@ Mm&é@ﬁtb%(%%er Mo
speci fic exanpl es of bi nd |ng agents that can be used i ncl ude:
(6}

pol ycl onal afifiSBBERNSS:; a%ﬁ‘ﬂ@@l"ﬂ% raﬁ%(?mﬁ’&zlpééhe nA$TAgeAR 8ed1oddRt i bodi es

such as FabgcdR@ancednth P40 #hd fﬂmé#@@%@m’m@gﬁgﬂ Abad! SEUNGL A, 85: 2444-
131: 2895-2902; Spring etal., 1974, J. Imunol., 113: 470-478; Ni sonoff

etal ., 19602448.ch. Bi ochem Bi ophys 89: 230- 244) . Preferably, a

humanl zed anti-EphA2 anti body i s used as the cell binding agent of the
present i nvérfhineric amipadyisoneimphighdiftereni paricse af %fh@”tLbEBY]A? HVPHEAP is a

humani zed 2@@f’é’ﬂéh%ﬁ%ﬁs@éﬁésbpgbfexa%@taﬂ@nﬁb&ﬂﬂﬁﬁvﬁwg' dvaplheliof Heagkdrent ,

t he humani zed anti body or an epi tope-binding fragment thereof can be
conj ugat ed {8M:? AHLiRE MeneroR agtivadyaned e a8, hunandmaHipeioRuMerans Nt ve or a

duocar myci nrélgdr, ‘Wéthdb% fo0rbidi gf'crpfneﬂdf Hetibdas Rge RISAT ihitke QMt@éé)élEgCI ty
t owar ds 25ant|gen expressing cells b@targetln the drug to the

recept of > CHBHSERI Eomcifgas e b d88% ‘PIT‘?OHB@F’@% AR @‘ﬁﬁ?f

hi ghly toxi g/ 0989, {.9mehunolMMIEHRIYS! M28: d91-209NBYETPat. Nodes BYRY i 5:e531 63587 ; CC- 1065
and CC- 1065 anal o 53)87can be used as a thera eutic for treatment of tum)rs

such as, foPnés Whigh ate 'Q?Rip%f\?ﬁdl@ﬁe'ﬂ@bfﬁ‘?@rer‘%?‘h@eﬁﬁf%%% c agent used
in the cytotoxic, co (jdugate of the present invention Wéhbe any con‘g%und
that resul t SUMenizee fefE%qf chimesic @gfipodiesy are ipAnedy SUeRtUiRGhR copPlg

manner decr gagftin®Rl regih@bi, Firlexampleh eidued afttidefyOiktcCa RGABK Fame®brde, for
exanpl e20 domain, e.g., see PCT Pub. No. W0 92/22653. Humanized chimeric antibodies
preferably have constant regions and variable regions other than the complementarity
determining regions (CDRs) derived substantially or exclusively from the corresponding
human antibody regions and CDRs derived substantially or exclusively from a mammal

other than a human.

25  Artificial antibodies include scFv fragments, diabodies, triabodies, tetrabodies and mru
(see reviews by Winter, G. and Milstein, C., 1991, Nature, 349: 293-299; Hudson, P.J.,
1999, Current Opinion in Immunology, 11: 548-557), each of which has antigen-binding
ability. In the single chain Fv fragment (scFv), the Vy and V| domains of an antibody
are linked by a flexible peptide. Typically, this linker peptide is about 15 amino acid

30 residues long. If the linker is much smaller, for example 5 amino acids, diabodies are
formed, which are bivalent scFv dimers. If the linker is reduced to less than three amino
acid residues, trimeric and tetrameric structures are formed that are called triabodies
and tetrabodies. The smallest binding unit of an antibody is a CDR, typically the CDR2
of the heavy chain which has sufficient specific recognition and binding that it can be

35  used separately. Such a fragment is called a molecular recognition unit or mru. Several



WO 2011/ 039724PCT/ 1B2010/ 054422 35 mayt ansi noi ds and mayt ansi noi d anal ogs,
tomaynyci n derivatives, and CC- 1065 and CC- 1065 anal ogs, defined bel ow.
These cytwoOoxril3gagents are conjugated to the anti bodi esPCanB2@0s4422
fragnents, functional equivalents, inproved antibodies and their anal ogs as
di scl osed herein. 5The cytotoxic conjugaz%s may be prepared by in vitro
nmethods. In order to link a drug or prodrug to the antibody, a |inking

group is usegeh |$1|°Ustc§élﬂ|t%llnké'dﬂd@6tr@?%9§héﬁ ﬁnm@%éptm@meae&br&b&wm{gta@nd
i nclude disulfide groups, thioether )@g acid ile groups, photol abile
arRd

groups, pepérltfiaigkbinging P@t‘ﬁ? Mb@'%‘ﬁﬂa\égﬁ singisi 'Inél groups. Exanplary
| i nki ng grougs are disulfide groups and thioether groups. For exanple,
10conj ugat ed @&H‘CB@‘%6%&’@'9'&"{3é’atr\‘j’sﬁrﬂ\i?”éaﬂﬁ“@ﬁ\'qu geo E‘%‘Hﬁﬁ@@'ﬂe@e@@@'t’ lesor by

formng at B'goeatnﬁl%dlé’é)%diﬂéél Wﬂﬂa é&@ﬁleﬂﬂétté@;ﬂﬁﬁén%ﬁknﬁl 6ol 86Ul PTRAE U

Exanpl es_of |inkers carrying suc i.nki ng groups_include N-succinimndyl
pyri dyl d? t hBB{RasYi '(:)‘?fé’cxém(pg?m@ﬂ'ﬂﬁﬁénﬂp%iﬁsdﬂapﬁ’ﬁ aytibogigsiths}have Rewuedifiad.e
(SPDB) , wh0§€g gd?% ewaildivbcétglaﬁéd g%ggé éﬁﬂo%@éﬂbﬁoé}m%ﬁon et al.

Bi ochem J. 802 reacts with a cyt ot oxi c 15
cheni cal reé@"t“fe\yéat@”dﬁ’d‘r@weWr%§cﬂr‘9@'@%'r@cﬁ*ﬁ¥%ﬁ REAPBisslaagage, linkgge to a

N-succi ni m dyluparYigdhPoioth&eitoRIME BRI €Ré EQdidht BRAGHNTentdbEs kRt réfBnhthedr OUPS
present on the angl body in order to form am de bonds. In anot her preferred

enmbodi ment , aﬂwdw‘tom%ne&at@@@ﬁ‘taﬁt'gd'mym@éaswwhBleéemoqmcfﬁlm%qn%@w usi ng

pol yet hyg en@argle%Q{ byt Iefehin tlebl'mkhd& iﬂ[:lgblllﬂ ; bidoBRhitddb! $pdchiic EReMicall 6, 821.
20Exenpl ary PEG | i nKi ng groups incl ude eterobl functional PEG |inkers that

bind to cyt6€a%3%e agRiMELOm fRIMyation uNelabelly sYgsels of Rnisagiycia. slgndddiasnally.

sul fhydryl e Hbgitidd AR odies Wiyaonii o6k maRthALIA&idaV SmpslRldsat the ot her
end (US 6,716,821). It is also possible to use PEG |linkers which do not

bind to cyt Phﬁé‘tloﬁal%lﬁ:ﬂla%n‘té"rh@%dg@ pfodudE by MRbhardirgoresrght @Iif)RglbﬁkJ!lfIfehéZ‘\flE
group. 258peC| fically contenplated is a _cytotoxic_agent bearing

pol yet hyl ené @P%/WB']"”@F"@(S”U”?H@WR&SQFB% fﬂ&\%?ﬁ‘@'ead'tﬁ@ﬁ?it ﬁ'é?s%é-‘tf?méb%’é’taé‘? of

formul a141) possiblé For a V?\%rﬁéd? oZCDRs D sdbEMlitInQf ldffePdr RbavySehathsC WhereB for agent
bei ng selected from of ma)(t ansi noi ds and maét ansi noi d anal ogs,

t omaymyci n §&FTRIS E@és“ 21 955 1gmantiopgy btves A0d @P@W%W@?WMZZ 36

Similarly, artificial antlbodles within the scope of the invention may be produced by

embedding a given set of CDRs within an entirely synthetic framework.

Functional equivalents may be readily produced by mutation, deletion and/or insertion
20  within the variable and/or constant region sequences that flank a particular set of

CDRs, using a wide variety of methods known in the art.

The antibody fragments and functional equivalents of the present invention encompass
those molecules with a detectable degree of binding to EphA2, when compared to the
2H11R35R74 antibody. A detectable degree of binding includes all values in the range

25  of at least 10-100%, preferably at least 50%, 60% or 70%, more preferably at least
75%, 80%, 85%, 90%, 95% or 99% the binding ability of the murine 2H11R35R74
antibody to EphA2.

Improved Antibodies

The CDRs are of primary importance for epitope recognition and antibody binding.

30  However, changes may be made to the residues that comprise the CDRs without
interfering with the ability of the antibody to recognize and bind its cognate epitope. For
example, changes that do not affect epitope recognition, yet increase the binding

affinity of the antibody for the epitope may be made.



00- 1065 anal ogs, and wherein Y is Y is N-succini mdyl oxy,

N- sul fosucci ni m dyl oxy, N-phthalim dyloxy, N sulfophthalim dyl oxy,

2- ni t r ophEoboX9724- ni t r ophenyl oxy, 2, 4-di ni trophenyl oxPCT3B2010/054422

sul fonyl-4-ni trophenyl oxy, 3-carboxy-4-nitrophenyloxy, imdazolyl, or

hal ogen atom 5In another preferred enbod ment, a cytotoxic agent is

provi ded, said cytotoxic agent bearing a pol yethylene glycol (PEG |inking

ﬁlr aUp havi nghas, tailoThfladeBif tihe/ copelotthe HBSbrR fnvERIdAYR itblobed versions of both O
the murine and humanized antibodies, which also specifically recognize and bind

EphA2, preferably with increased affinity.

Several studies have surveyed the effects of introducing one or more amino acid

5 changes at various positions in the sequence of an antibody, based on the knowledge
of the primary antibody sequence, on its properties such as binding and level of
expression (Yang, W. P. et al., 1995, J. Mol. Biol., 254: 392-403; Rader, C. et al., 1998,
Proc. Natl. Acad. Sci. U.S.A., 95: 8910-8915; Vaughan, T. J. et al., 1998, Nature
Biotechnology, 16: 535-539).

10 In these studies, equivalents of the primary antibody have been generated by changing
the sequences of the heavy and light chain genes in the CDR1, CDR2, CDR3, or
framework regions, using methods such as oligonucleotide-mediated site-directed
mutagenesis, cassette mutagenesis, error-prone PCR, DNA shuffling, or mutator-
strains of E. coli (Vaughan, T. J. et al., 1998, Nature Biotechnology, 16: 535-539; Adey,

15 N.B. etal, 1996, Chapter 16, pp. 277-291, in “Phage Display of Peptides and
Proteins”, Eds. Kay, B. K. et al., Academic Press). These methods of changing the
sequence of the primary antibody have resulted in improved affinities of the secondary
antibodies (Gram, H. et al., 1992, Proc. Natl. Acad. Sci. U.S.A., 89: 3576-3580; Boder,
E. T. et al., 2000, Proc. Natl. Acad. Sci. U.S.A., 97: 10701-10705; Davies, J. and

20 Riechmann, L., 1996, Immunotechnolgy, 2: 169-179; Thompson, J. et al., 1996, J. Mol.
Biol., 256: 77-88; Short, M. K. et al., 2002, J. Biol. Chem., 277: 16365-16370;
Furukawa, K. et al., 2001, J. Biol. Chem., 276: 27622-27628).

By a similar directed strategy of changing one or more amino acid residues of the
antibody, the antibody sequences described in this invention can be used to develop

25 anti-EphA2 antibodies with improved functions, including improved affinity for EphA2.

Preferred amino acid substitutions are those which: (1) reduce susceptibility to
proteolysis, (2) reduce susceptibility to oxidation, (3) alter binding affinity for forming
protein complexes, and (4) confer or modify other physico-chemical or functional
properties of such analogs. Analogs can include various muteins of a sequence other
30 than the naturally-occurring peptide sequence. For example, single or multiple amino
acid substitutions (preferably conservative amino acid substitutions) may be made in
the naturally-occurring sequence (preferably in the portion of the polypeptide outside
the domain (s) forming intermolecular contacts). A conservative amino acid substitution

should not substantially change the structural characteristics of the parent sequence



Y 10 _ 4 o wherein Z is said cytotoxic agent, said
cytot oxi c agent being selected fromthe group of maytansinoids and
mayt ansi reooaBbgs, tonmaynycin derivative, and CC 106BCanB2016042065
anal ogs, and wherein Y is Y is N-succinimdyloxy, N sulfosuccinimdyloxy,
N- pht hal i mi dyl oxy, N- 30
(e.g., a replacement amino acid should not tend to break a helix that occurs in the
parent sequence, or disrupt other types of secondary structure that characterizes the
parent sequence). Examples of art-recognized polypeptide secondary and tertiary
structures are described in Proteins, Structures and Molecular Principles (Creighton,
5 Ed., W. H. Freeman and Company, New York (1984)); Infroduction to Protein Structure
(C. Branden and J. Tooze, eds., Garland Publishing, New York, N. Y. (1991)) ; and
Thornton et al., 1991, Nature, 354: 105, which are each incorporated herein by

reference.

Improved antibodies also include those antibodies having improved characteristics that
10  are prepared by the standard techniques of animal immunization, hybridoma formation

and selection for antibodies with specific characteristics.

The interaction between the constant region of an antibody and various Fc receptors
(FcyR) is believed to mediate the effector functions of the antibody which include
antibody-dependent cellular cytotoxicity (ADCC), fixation of complement, phagocytosis
15  and half-life/clearance of the antibody. Various modifications to the constant region of
antibodies of the invention may be carried out depending on the desired property. For
example, specific mutations in the constant region to render an otherwise Iytic
antibody, non-lytic is detailed in EP 0629 240B1 and EP 0307 434B2 or one may
incorporate a salvage receptor binding epitope into the antibody to increase serum half
20 life (see US 5,739,277). There are five currently recognised human Fcy receptors, FcyR
(1), FeyRIla, FeyRIIb, FeyRllla and neonatal FcRn. Shields et al. (J.Biol. Chem., 27: 6591-
6604, 2001) demonstrated that a common set of IgGl residues is involved in binding all
FcyRs, while FcyRIl and FeyRIII utilize distinct sites outside of this common set. One
group of IgGl residues reduced binding to all FcyRs when altered to alanine: Pro-238,
25  Asp-265, Asp-270, Asn-297 and Pro-239. All are in the IgG CH2 domain and clustered
near the hinge joining CH1 and CH2. While FcyRI utilizes only the common set of IgGl
residues for binding, FcyRIlI and FcyRIII interact with distinct residues in addition to the

common set.

Alteration of some residues reduced binding only to FcyRII (e.g. Arg-292) or FcyRllI

30 (e.g- Glu-293). Some variants showed improved binding to FcyRII or FeyRII but did not
affect binding to the other receptor (e.g. Ser-267Ala improved binding to FcgRII but
binding to FcyRIIl was unaffected). Other variants exhibited improved binding to FcyRl|
or FcyRIIl with reduction in binding to the other receptor (e.g. Ser-298Ala improved
binding to FcyRIIl and reduced binding to FcyRIl). For FcyRillla, the best binding 1gGl



sul fopht hal i m dyl oxy, 2-nitrophenyl oxy, 4-nitrophenyl oxy,

2, 4-di ni trophenyl oxy, 3- sulfonyl-4-nitrophenyl oxy,

3- car boxyw@-2nitta3gphenyl oxy, i m dazolyl, or hal ogen at ompCPABpAS/E34#ZN of the
conjugate 20l n general, the conjugate can be obtained by a process
conprising the steps of: (i) bringing i%to contact an optionally-buffered
aqueous solution of a cell-binding agent with a solution of a cytotoxic
conpound;  (hfigntd H&‘d"'c&%uh@d‘élbhuﬁe%@l@ﬁﬁtﬁfoh@gt SQ@QE)@IMQ% §nd’\43_\'/sci§B4N5F$nef or med
in (i) fromthe unreacted reagents an ate which may be present
in the sol uPpenptalITRA reerpieidpeelicved Fféb%@IVPWﬁ? agiiedy clegragge and thsody ;
nor e speci f keRddyosist d¥Postlskady @EE DGh FBRER. P S1d9e/ LA Ao Re4 ol ihgdy or a

humani zed versi on thereof. In another aspect, the cytotoxic agent Is a

conpound of Ghirtinetals gPRRApnuIRevgmmuyney | 18\/\1}'&@?@) "ZU'F@” WG noi d; in

particulgr, géetfinbio mteract dlrb&tly'\ﬁltmmﬁérﬁﬁ:@@rdmkllﬂaés RePsI Rl B, ngz@lgnabl e by
this process are conprised hin the 30scope of the invention.

2011/ 039724%18/018%@61 o@MQé aBC? HiMSS aguik@gs as any,ef thaseoposiions dsisqli@ieﬁgﬁ agent

can be buff gfiegedibh %a@@n%ﬁeﬁn&b‘ﬁébdas%rurﬁhg}f-llféoérﬁﬁﬁ'a%rﬂeﬁ herepBRb® ngtles of
N- 2- Hydr oxyet hyl pi perazi ne- N - 2- et hanesul fonic acid (Hepes buf

buf fer depeAB¥PGIRSIPItHENVRRIGRe of the cel | -binding agent. The cyt ot OXI c
conmpound is in solution in an organic polar solvent, e.g. dinethyl

sul f oxi de ( BUEHMeSHTicslPnfInHyIaglucesyaden vanans Of'l*h%af‘@?%@!qsdﬁtﬁ%'ﬁﬁ@?t@f‘ure i s

usual |'y1@omgyjcesglatipt Ratbdfletntdof&rved B&ltf&@% tren cbhéfﬁntcr@ |oH§1Ts)knBUvﬁ% 1to
24 hours. The reaction between the cell-binding agent and the cytotoxic

agent can bBaYRAPIERWY eiipckor, antibedy fisictien. @ﬁF@H‘ﬁf'b@ﬁ%ﬁBWJUT@ECW\I&UP%%

refract omet ggse Ja6érdied Wo@@tsééﬁ‘&rexaﬂnblet BBy« 6 aBl. enpusbid 3051 3*10|01 jew, the
reaction ti rre 10can be extended. A nunber of different chromato Fly

met hods can %%G)UQ'Q'&OWtPHé/aB%W%8f1th§lé”F”P‘?§EPEi o anjgerabinding figomentstt erﬁefr‘?for m

t he separ at tr@b@éerﬁﬁrﬁ,@nﬁdd wherbR@neQRinatarbeareR mslklyfid 84U, Subdtiited=C,
adsor ption chronat ography (such as ion exchange chronatography, |EC),

hydr ophddi ¢ deleiedrosanachiedeas SRRIEBRIPM INtiadksiondtT e RSP a8 MPiEEUR? Sbhy.

m xed- SUppOb‘épa}é@hémFé&r@ﬂﬁé‘nf%k&%@ép&ﬁﬁﬁ&é&@%bhi%&i&r&tﬁﬁﬁrﬁ%t@hy or
hi gh performance |iquid chronmatography . Purification by dialysis or

diafiltrati 6&P 85¥fira‘le§60'%féesﬁ’@d“amweé‘%€%rﬁéﬁeé138fj t%”ﬁf‘@é@&‘sthmlﬁﬁsﬂ%tﬁ ohan used
i s descri bedniigbdyhe Ffé}@@péleﬁlo&e%st@ﬂOU§%B -BETE001 § e tdRiiml sRYMRE §S”

nmeans the associ ations which can be forned between two or more cell-bi ndi ng
agents, sai dNAFJAEIMARINRGARASN VR dCERasAdbinrenshRRORP IR PRCIaELlQRgr egat es

can be por W@ﬁd/@ﬂﬁé%fal;ﬂél@n'u@fnb@ﬂﬂ?aﬁct@y%ﬁ%rd&@réh@for@fph@aQ‘ gneters, such aS
a high concentration of -bi n ﬂ%nt in the solution, the

th
sol ution, hB@hItensieraseyInceasiy, the F?émH@ alylaien sclievede isreassripe Bﬂ'&l'fﬁ

hydr ophobi ¢ of haliARTuRBglob IR, ARTTRRICR! I @rnfetwiMiGsEyl {&photeird e tybicalfebr ane
Sc., 318: 311-316, and references cited therein); note that the relative

i nfl uence oPrasiyRed 8% a Mikue FglygpionBs cthis mixtygds barticiary 2rpRENt WERBA. I n the

case of probgiidtslicante mdlub&ﬂin%ﬁjkaiybﬁc %Ft@gléﬂ?mdn%rﬁéhalnrbe'[l@e\@érietww)f'| refer
to Ctommell et al. (2006, AAPS Jounal, g\.@ E572- E579). The content in

aggr egates %NS h@«‘;"? BeeR ARe!eRedrio MmapHFRCH Qeﬂzvéad|9'>{€ﬁm}im8t(%et4f@n9k‘1‘ Pl ed
person, sucho@gs Selact 308: It Besrselt al, 2001 ¥oncésh . 23Auo agdker e2420802,

469- 480) . ) ,
Science 298: 1790; Davis et al. 2002, Chem.Rev. 102: 579; Hang et al., 2001,
Acc.Chem. Res. 34: 727). Thus the invention contemplates a plurality of (monoclonal)
antibodies (which may be of the IgG isotype, e.g. IgGl ) as herein described comprising
30 adefined number (e.g. 7 or less, for example 5 or less such as two or a single)

glycoform(s) of said antibodies or antigen binding fragments thereof.

Therefore, improved antibodies according to the invention include in particular
antibodies with enhanced functional properties. Of special interest are those antibodies
with enhanced ability to mediate cellular cytotoxic effector functions such as ADCC.

35  Such antibodies may be obtained by making single or multiple substitutions in the



After step (i) or (ii), the conjugate-containing solution can be submtted
to an additional 30step (iii) of ultrafiltration and/or diafiltration. The
conj ugat ewporigseizered at the end of these steps in an RGUABL0/83M2L | ON.
Mayt ansi noi ds Anong the cytotoxic agents that nay be used in the present
invention to forma WO 2011/ 039724PCT/ 1#2010/ 054422 38 cyt ot oxi ¢
conjugate, are maytansinoids and maytansinoid anal ogs. Exanples of suitable

mayt ansi noi dsndiitlidfRwiRy bane bePdod?nl‘F\uéTﬁh{ér%@%ﬁﬂlera%ﬂéﬂ KAs the'\ﬁyﬁeé‘é'&tbﬁo' ds
are drugs that inhibit mcrotubule formation and that are highly toxic to

mamal i an célathedsdendasigning Eh suitands can ﬁﬁﬁuﬂﬁ@rrﬁ%?”‘@ﬁ%ﬂnégﬁ@rsetlaﬁé?% t hose

having a mogidd %tlaAWtprLﬁS AY1Feh )t mm4m\5'aﬂg(ﬁ@9éﬁl bPé{t dé@f)@ At her
positions. Such suitabl e maytansinoi'ds are disclosed Pat ent  Nos.

4,424, 219; BiopsE6@is1239-48) 45483180 YNQOF0F4679, W@?@O@Q%W(W @@2@%099249

4,331, 598; W@ﬁeaﬁﬂ@%é \/3@226@@@)194473%@82@66/165§1ﬁﬂv@ééooﬂoﬁ%ﬁﬂ% also
4,371,533; 6,333,4 5,4 499: and 5, 846, 545. 10Specific

exanpl es of p@%ﬁ'@'aﬂﬂ @%Wéil“ﬁg%%e%fca%%%ﬁﬁr%ior ﬁ%ﬁ?’ﬂﬁ@napfﬁﬁarow%ant&}o@w&t i Cc
ring includg parfidiiarCht8e ﬁ%ﬂ&/@%lt@édsregﬁé‘ﬁon Mane G ygo'%?ba?éﬁgatﬁ%?ﬁaf ed by LAH

reduction of ansanytocin P2); hydr oxy hyl )
+1- C 19- decﬁrwale(rw@ngpman inqgies wbI@que@@rlhmo%aﬁegmemtptadlbrepar ed by

denmet hyl at i eauéééyweﬁtglﬁﬁ%@w&é%%r@rméﬁédMWﬁ@ﬁe&fng%‘&ﬁ|a9é Hi8@bsn 'é%jsng
LAH); and - 20- denet hox C- 20-a Zﬁéi(f(r)? - 000R), +/-dechloro Pat .

No 4, 2940 75%}“”@ e ghled0RY: é@}‘?’a@h% 4T3 Fsriagregh al. (2006, J. Bk f i ¢

exanpl es of C%tht 291 (@) ?-309& @gy@%o@ts %b@cﬁh@'ﬂ?‘:@énd"@@ 52985"10611 fEata7oEp7ai1, Ot her
20posi tions _incl

%mf‘ 2)( %grepare by the
reaction of r‘?a&%%h%@ﬁa@l 9814%55%?49%%) EPQ 76@1(145%[1128 yrétangd WO

(denet hoxy/ gh2@R)> (U. S. Pat. No. 4,331, 598); (3) G 14- hydroxynet hyl
or acyl oxynet hyl (CH2OH or CH20Ac) (U.S. Pat. No. 254, 450, 254) (prepared

from Nocar diFgither embodiments of the invention include antibodies of the invention or antigen

15  binding fragments thereof coupled to a non-proteinaeous polymer such as polyethylene
glycol (PEG), polypropylene glycol or polyoxyalkylene. Conjugation of proteins to PEG
is an established technique for increasing half-life of proteins, as well as reducing
antigenicity and immunogenicity of proteins. The use of PEGylation with different
molecular weights and styles (linear or branched) has been investigated with intact

20 antibodies as well as Fab' fragments (Koumenis I. L. ef al., 2000, Int. J. Pharmaceut.
198: 83-95).

The present invention also includes cytotoxic conjugates, or antibody-drug conjugates,
or conjugates. As used herein, all these terms have the same meaning and are

interchangeable.

25  These cytotoxic conjugates comprise two primary components, a cell-binding agent

and a cytotoxic agent.

As used herein, the term “cell binding agent” refers to an agent that specifically

recognizes and binds the EphAZ2 receptor on the cell surface. In one embodiment, the

cell binding agent specifically recognizes the EphA2 receptor such that it allows the
30  conjugate to act in a targeted fashion with little side-effects resulting from non-specific

binding.

In another embodiment, the cell binding agent of the present invention also specifically
recognizes the EphA2 receptor so that the conjugate will be in contact with the target

cell for a sufficient period of time to allow the cytotoxic drug portion of the conjugate to



(4) C 15-hydroxy/acyloxy (U.S. Pat. No. 4, 364,866) (prepared by the
conversion of maytansinol by Streptonyces); (5) C 15-nethoxy (U. S. Pat.
Nos. 4, 3p248/@att44, 315, 929) (isolated from Trew a nudiPCIraB2)1/00%26)
C-18-N-denethyl (U. S. Pat. Nos. 4,362,663 and 4, 322,348) (prepared by the
denet hyl ati on of maytansi nol by Strepton@%es) and VO

2011/ 039724PCT/ 1B2010/ 054422 39 (7) 4,5-deoxy (U.S. Pat. No 4, 371, 533)

(prepared byctdiethkicbRHne/Br td b BB IcERlbAES E&S@ﬁiér%uz@& by @nsinol ). In a
preferred enbodi nent, the cytotoxic conjugates of the present invention

utilize thelr“ﬁ' @feﬁ&f‘érﬁbéﬁlrﬂgnt”ﬁ‘ﬁétc@fb%Mb&Md@}@@orﬁ&fs%h'a%tlilﬁfh@%ntlbody
N2' - deacet yl - :3 mer capt o- 1- 5oxoprop t ansi ne he cyt ot oxi ¢

agent. DML ag \bindinceroe) neere PrespioBl t?;@ Pt 2P 1 BESREE mn@c'wra 1) : 15

I n anot her pr&gJRIT AG ABRASIERERBY enfdintant Qh@éﬂ/t@toﬁfé%Hﬂ t‘é&;oﬂi‘pnééﬂﬁa present
I nvention utilize the thiol-containing maytansinoid ornally termed

N2' - deacet y humapized 2HAHRERIT4RMHBPEARR 31 GRIGREFENNEITAGRE fieseie s t he

cytotoxi c agaRiR3sRM ér&.bb@@rseamfo%ebmcéubeeédghIzewnrfqohsxt ebiter, alictf & nul a
(1Vv): In further enbodinents of the invention, other maytansines,

i ncl udi ng t FPBAZ.1Y diiesis|the aolouisParR| tﬁ@”r?é’??@ﬂ%ﬁﬁ'b?ﬂ%t'%ﬁé‘ﬁr U a8 RO or
di -al kyl subgfid tni ia@het@didshign. WO 2011/ 039724PCT/ 1B2010/ 054422 40 car bon
atom bearing the sulfur atom may be used. These include a maytansinoid

having, at @hg se&n@%oﬁ%ﬁh@%ﬂﬁ‘ﬁié"&ﬂt@toﬂc é@njbg[\{éiéé)&ﬁ/the PFes@néfvéltisA®s Ayl , an
i

acyl at ed amno acid s chain wth an acyl group bearing a hi ndered
sul f hydi§1  gYieiyic aggal d terRe CERIMITR RN bniYSadHIe Ry Elegs g’tﬁ)s%ﬁéﬁﬂcﬁ&‘%"he

thi ol funct ionaksé byblba& tﬁ@mn@fort,w?&ﬁmb,sif cbMeaHdBor chasdsl ddshattidnuseRbss. bei ng
CH3, C2H5, linear or branched al kyl or al kenyl having from1 to 10 carbon

atons, cycl irtpratdfeld epibcaiirkay | thd aptbidgiciagent is attaxold ﬁéﬁ@ﬁb.@d.@gﬁoh aoay
substituted phenyl, or het erocgcl ic aromatic or het ero%cl oal k r adi cal

and furt her SWRMep sMeHdrush ateraaRvn Petratys aoaRIHE: ¢C-10Ra WA Pﬁ R he acyl

group has aahalbgah peéiélﬂréu t@p&difments, the deﬁ@ﬁm@rb@g@ﬁts@ﬁl’@&e@érﬂrﬁ/ehﬁ’ér\/\@r@n t he
car bonyl functionalit g

covalently attached, directly or via a cleavable or non-cleavable linker, to the cytotoxic

agent. "Linker", as used herein, means a chemical moiety comprising a covalent bond

or a chain of atoms that covalently attaches an antibody to a drug moiety.

Thus, this invention contemplates the use of conjugates between (1) a cell binding
agent that recognizes and binds the EphA2 receptor, and (2) a cytotoxic agent. In the
20  cytotoxic conjugates, the cell binding agent has a high affinity for the EphA2 receptor
and the cytotoxic agent has a high degree of cytotoxicity for cells expressing the EphA2
receptor, such that the cytotoxic conjugates of the present invention form effective

killing agents.

Conjugates of antagonistic EphAZ2 antibodies have been previously described. For

25 example, WO 2008/010101 disclosed humanized 37.3D7 and humanized 53.2H11
antibodies conjugated to L-DM4, N2’deacetyl-N2’(4-methyl-4-mercapto-1-oxopentyl)-
maytansine, using SPDB (4-[2-pyridyldithio]butanoic acid N-hydroxysuccinimide ester)
linker (see Example 10 of WO 2008/010101; hu37.3D7-SPDB-DM4 and hu2H11-
SPDB-DM4).

30  When conjugated to a cytotoxic agent, the antibodies of the invention show a number
of advantageous properties over the antibodies of the prior art. In particular,
conjugation does not affect the affinity of the antibodies of the invention for the EphA2
receptor, whereas the binding of 53.2H11 to EphAZ2 is negatively affected by the

attachment of a cytotoxic agent onto said 53.2H11 antibody.



10and the sul fur atom Such additional maytansines include conpounds
represented by fornmula (V): wherein: Y' represents

(OR7R8) , (WB2s0RBY)2p( CEC) ci Ar (OR5R6) , , D' ( CR11=CR12) 1( CECPCBIBUWRBRINRIR2SZ,
wherein: 25R1 and R2 are each independently CH3, 02H5, |inear al kyl or

al kenyl having from1 to 10 carbon atons34 branched or cyclic al kyl or

al kenyl having from3 to 10 carbon atons, phenyl, substituted phenyl or

het erocycl i thé'E:@lU&hbhﬁg%er‘i‘t@t@&&éﬁzf@b@éﬂtgﬂndﬂlﬁﬁérﬁ%lre d@&i%sbé‘urﬁﬂ@lietdé?éh R2 can
be H, B, D are cycloal Kyl or cycloal kenyl having 3-10

car bon at on¥elo%; np| e or 30substituted aryl or heterocyclic aronmatic or
het er ocycl oal kyI radi cal; WD 2011/ 039724PCT/ 1B2010/ 054422 41 R3, R4, R5,
R6, R7, R8, CrYBinding Agents and R12 are each independently H, CH3, C2H5,

| i near al kyI or al kenyl having from1 to 10 carbon atons, branched or
cyclic al kylTheeegtvensas KA sRINrqupAs 8f e pi‘%’ﬁe@b'ﬁlé‘%m'oﬁtaéﬁ%eraﬁ%'ﬁy'ﬂlge” S

substit ug ed d@ﬁ@f&é'on(}ﬁe B%ﬂﬂ @@M@tldncof%h%%Bidpﬁat@rceh%trﬁlﬁ hD@je'H)bindfrfgdl cal ;
5, m n, o, and t are each independentl %] an i nt eger of

from1 to 5ag‘fj‘rt6m9¢r&9 Fiay ki resesty KRRy pror fhat Rpcame OV\@ aqd ncludgsand t are
not zero at ﬁéﬁﬂﬂegréﬁdtn'o cpfdid. ihééelrbmcﬁﬁi;agem@% bé/\é\g/@nﬁbdana%dtba@arndal kyl

or al kenyl having from1l to 10 carbon atons, branch cyclic_al kyl or
al kenyl hav?r?ﬁ”fE?”Bﬁ‘i i3 & spegiic OrPeRAPA IS TRANNGF- Genapelly: E‘ES%G%P??W@G"G&WI or

het erocycl i %es%éélaw ﬂn@né&orfb‘?b@tft%@hé%% %ﬁﬁﬂﬁdkm'é@dicﬁﬁbnesl%%vﬂﬁ%(ﬁ&@ RERMGY, ment s

of fornula i ncl ude conpounds of fornula (V) wherein; is nethyl, R2
is Hand0z Ny ”Flnt ranspAd ”F@ecé'feé (Fegh rﬁﬁtf%ﬁ&rwh qraqy qiﬂieﬁcae”ﬁﬁ‘PH\,glmo'ﬁQ“‘? & H
and Z is - Sghistiteeand R2 are nethyl, and Z is -SCH3 15Such additi onal
mayt ansi nes al so i nclude conpounds represented by formula (M -L), (VI-D),

or (VI-D, L) More spedificlexaMptesldf cell binding agents that can be used include:
polyclonal antibodies;
monoclonal antibodies;

15  fragments of antibodies such as Fab, Fab', and F(ab'),, Fv (Parham, 1983, J. Immunol.,
131:2895-2902; Spring et al., 1974, J. Immunol., 113: 470-478; Nisonoff et al., 1960,
Arch. Biochem. Biophys., 89: 230-244).

Preferably, a humanized anti-EphA2 antibody is used as the cell binding agent of the
present invention. More preferably the humanized anti-EphA2 antibody is a humanized
20 2H11R35R74 antibody.

Cytotoxic Agents

In another embodiment, the humanized antibody or an epitope-binding fragment
thereof can be conjugated to a drug, such as a maytansinoid, a tomaymycin derivative
or a duocarmycin derivative to form a prodrug having specific cytotoxicity towards

25  antigen-expressing cells by targeting the drug to the EphAZ2 receptor. Cytotoxic
conjugates comprising such antibodies and a small, highly toxic drug (e.g.,
maytansinoids, tomaymycin derivatives, and CC-1065 and CC-1065 analogs) can be
used as a therapeutic for treatment of tumors, such as, for example, breast and ovarian

tumors.

30  The cytotoxic agent used in the cytotoxic conjugate of the present invention may be
any compound that results in the death of a cell, or induces cell death, or in some

manner decreases cell viability. Preferred cytotoxic agents include, for example,



(M -D, L) wherein: WD 2011/039724PCT/ 1B2010/ 054422 42 Y represents

(CR7R8), (CR5R6) , , (CR3R4) nCRLR2SZ, wher ei n: Rl and R2 are each

i ndependew®l2911@8%8724 C2H5, | i near al kyl or al kenyl havi ngPCTAR2010/0%34220 car bon
atons, branched or cyclic al kyl or al kené! having from3 to 10 carbon

5at oms, phenyl, substituted phenyl, or erocyclic aromatic or

het erocycl oal kyl radical, and in addition R2 can be H, R3, R4, R5,
Rs, R7 and R%yﬁn@m%@l@@nb%’é%@ﬁ‘@%@édéld@s %yn%ﬁ%enbét%@rarﬁldﬂho% aﬁ(lj kenyl
haV| ng from1to 10 carbon atoms, branch or ‘cyclic al kyl or alkenyl

havi ng fromC&- i%ﬁ@%b@?f'”ﬁﬂ@ﬁ’é’w 5h@$ﬁ/¢yt0t§ﬁﬁ§9?"ﬂt§?@ﬁ%@@§ﬁd todhe
het erocycl i gn@JfaRt btk %Qﬁ%ﬁt@%ﬁ@t‘dﬁ%l &Yivaiild, ‘Frﬁbroved antibodles dMJamgdr N are

each independently an integer froml1l to 5 and in addition n can be 0; Z
is H SR or angpgs %Q'IS@PW@QFQ'”I | near or branched al kyI or al kenyl having
from 1 to 10 carbon atonms, cyclic al kyl or al keny hawng?fromSto 10
carbon a? ong he §Ytolxis Goplugaiss %ﬁ’@%r@a bé(r”glV’”Brm%'é‘?dér Bb‘gféﬁ"t@ IBf 81%849 ¢ or

het er ocycl oa} khrdgad 'tlﬁ?@éntlbéayl a I|nk|ng gré@msrugea @ﬁt@b@ Ilﬂklﬁﬁgkﬁf&% lapoivel Whi ch
bears the side chain at 0-3 (}/ r oxymet hyl 0-15 roxy or 0-20
of

desnet hyl . M@%mrt%a&%ém%@t%&&ﬂ gﬁ@lﬁﬁﬁ Hgoqﬂwg_qupsmld@b"aﬁtpmsl-D L)
i ncl ude corrpﬁeeta%n@groheé rBékz)ﬁéas(aVéblil%gro&Man@es?é?QsdI\a’bnepgﬂehpé(mere' n: 20RL is

methyl, R2 is H R5, are each H | and mare each 1, nis

0, and Z isgkam r;ﬂlﬁﬂim@é;lr@{ﬁp% éF@"d&Wfldegg)upB%nd iffioethSr @6%)@@6he>l‘émdlémd m are

1,n|s 0, and i's H i's neth is H R8 are each
H, | and® afeiegries gan PPP@’Sﬁu‘ﬁﬁﬂﬂ's@g|asd'SL§¢99|—@<ChMreaﬁﬂ>”F@ by frmirg Ayl, Rs5,

Rs, R7, R8 &fitRatdnblbetwetidh&uafidd)and theSdilg oRPbdAid. ExaPBIgd of linkers
carrying such linking groups include N-succinimidyl pyridyldithiopropionate (SPDP) and
N-succinimidyl pyridyldithiobutyrate (SPDB), whose dithiopyridyl reactive group (see
Bourdon M.A. et al., Biochem. J., 173: 723-737, 1978; US 5208020) reacts with a cytotoxic
15  chemical reactive group such as —SH to form a new bond —S-S-. The N-succinimidyloxy
group then preferentially reacts with the amino groups present on the antibody in order to
form amide bonds.

In another preferred embodiment, the cytotoxic agent is linked to the cell binding agent
using polyethylene glycol (PEG) linking groups, as set forth in US 6,716,821.

20 Exemplary PEG linking groups include heterobifunctional PEG linkers that bind to
cytotoxic agents and cell binding agents through a functional sulfhydryl or disulfide
group at one end, and an active ester at the other end (US 6,716,821). Itis also
possible to use PEG linkers which do not bind to cytotoxic agents through a functional

sulfhydryl or disulfide group.

25  Spedcifically contemplated is a cytotoxic agent bearing a polyethylene glycol (PEG)

linking group having a terminal active ester, of formula (l):

z
A . y
H 4
O
30

(1)

wherein Z is said cytotoxic agent, said cytotoxic agent being selected from the group of

maytansinoids and maytansinoid analogs, tomaymycin derivatives, and CC-1065 and



Preferably the cytotoxic agent is represented by formula (VI-L). Such

addi ti onal maytansi nes al so i nclude conpounds represented by formula (VI1):
WO 2011/ 080 2811RGT24B2010/ 054422 43 10(VI'1) wherein: YCrapraeenuz
(CR7R8), (CR5R6) , , (CR3R4) nCR1R2SZ, wherein: Rl and R2 are each independently
CH3, C2H5, linear alkyl or al kenyl having from 151 to 10 carbon atons,
branched or cyclic alkyl or alkenyl having from3 to 10 carbon atons,
phenyl, subgig-{e8seshariRNyhg Oor heterocyclic aromatic or heterocycl oal kyI
radical, and in addition R2 can be H R3, R4, R5, Rs, R7 and R8 are

each i ndepemwdy.ﬁ .&hl?sucéﬁwﬁdyléxynﬁasrulfaéd&.lnmqawéw@nyﬂthamuﬁw fom1l to

10 carbon atom; branched or cyclic %é having 20from 3 to 10

carbon at on8YTOpREVAIMIdYiOXhs?- I"'ltrQP'é?j"yﬂ%érﬂrP'trOBrr‘eW&xéf PirePhepyast iSc or

het er ocycl oglikoryI-4-AfiopAényloxy, 3-carboxy-MrRsbhBnAbRy, AAIBAzdIIAGHARERA Gkom.an
i nteger of fromlyl tog nyoxylncghdry{lonﬂ% cgﬂ)@/ 0; anﬁ Z |sr,%|%:| SR or -COR,

wherein K i éhd’ﬂl@é}rpréi‘bhé;‘(ﬂ eﬁ’nboéﬁHéﬂmé' cyttﬂ&hé‘gg?érﬂ%rév@@d %@.&é@@&bh@ag&ttorm

branched or cyclic aving from3 to 10 carbon atons
sinmple or sQB%"ﬂrlgt%P@}ﬂetéY' Pe ﬂ'b’cﬂé&’é@bmg Foup BRERY %WF‘“%?@WS@?@O@&]WI
radi cal . Predrgiuf=a#): enbodl ments of forrmula (VII) include conpounds of
formula (VII) V\/nereln RlLis nethyl, RR is H R5, R6, R7, and R8 are each
H | and mare each 1; nis 0; and Zis H 30RL and R2 are met hyl ; R5, Rs,
R7, R8 are each H lan@mare 1,anis O0; and Zis H

. «)k«jr\/ﬂw

(1)

wherein Z is said cytotoxic agent, said cytotoxic agent being selected from the group of
maytansinoids and maytansinoid analogs, tomaymycin derivative, and CC-1065 and
15 CC-1065 analogs, and

wherein Y is Y is N-succinimidyloxy, N-sulfosuccinimidyloxy, N-phthalimidyloxy, N-
sulfophthalimidyloxy, 2-nitrophenyloxy, 4-nitrophenyloxy, 2,4-dinitrophenyloxy, 3-

sulfonyl-4-nitrophenyloxy, 3-carboxy-4-nitrophenyloxy, imidazolyl, or halogen atom.
Preparation of the conjugate
20 In general, the conjugate can be obtained by a process comprising the steps of:

(i) bringing into contact an optionally-buffered aqueous solution of a cell-binding agent

with a solution of a cytotoxic compound;

(i) then optionally separating the conjugate which was formed in (i) from the unreacted

reagents and any aggregate which may be present in the solution.

25 In one aspect, the cell-binding agent is an antibody; more specifically, the cell-binding
agent is the muZH11R35R74 antibody or a humanized version thereof. In another
aspect, the cytotoxic agent is a compound of either formula (I) or (Il), wherein Z is a

maytansinoid; in particular, Z is DM4.

It is understood that conjugates obtainable by this process are comprised within the

30  scope of the invention.



WO 2011/ 039724PCT/ 1B2010/ 054422 44 Rl is nethyl, RR is H R5, Rs, R7 , and
R8 are each H, | and mare each 1, nis 0, and Zis -SCH3. R1L and R2 are
met hyl , RBO 2R61/03R24 R8 are each H, | and mare 1, n is @CTAR1&034822- SCH3.
Such additional maytansines further include conpounds represented by
formula (M II115L), (MII-D), or (M11-D,%): 10(VIIIl -L)(VIIl -D
15wherein: Y2 represents (CR7R8), (CR5R6),, (CR3R4) nCR1R25Z2, wher ei n:

Rl and R2 a"l’ﬁe%aﬁgbds%‘éﬁi%ﬁ'@?&ilibfn@é@ag&mdgm bb'bﬂﬁé\*’ed@dtﬁﬂuﬁ@r"s sk agyd ghayi ng
from1l to 10 carbon atons, branched or cyclic al \p/ or al kenyl ha I hg from

3 to 10 car BOWSIOARRMEEONIHERYI2- H%‘HB&XQ’[WR'@%{%H@W -edfhanesulignicydd (eergfomat i ¢

or heter OCVBU% kvl ufdl @&Jend@[]gor\ fﬁe@%ﬂlré bpfﬁe%%ll%ﬁ‘ﬂl_r@eaqé‘nt The cytotoxié3, | R4,
R5, Rs, R7 and are each i ndependently I near @ycl I ¢ al kyl

or al kenyl RaPPANCKiE ghsolutioy 'nen@w&p%rﬂenbﬁ%émhﬂﬁu@m MSRYAr or

al kenyl fayigneethyifBiniie (BMagar bon at oms, phenyl, substituted phenyl or
het erocyclic aromatic 250r het er ocycl oal kyI r adi cal I, mand n are

each 'ndepeﬁﬁ@%ddo@fbm;ﬁtr%%rls%Euefl!&/(?;mnjprl&&j %m@@ﬁzb%@dd*é 110 rBagRA be O;
Z2 is SR or COR wherein I S |nearaka( or al kenyl haying from1l to 10
(0]

carbon at onfimelRAYaHEEPB t@%PPwSaTWeae TPRWRGH th@ﬁi'ﬁ@dmgoaﬁe@t ad the

carbon at omgytoRikicHgdRl GnIOMoMitREd by L8 ex@isibn aﬁromgtc% egﬁnggsEe @ltegmtic or
het er ocycl oa kyI radical; and WO 2011/039724PCT/ 1B2 442 45 My is a

mayt ansi noi &€ rastmﬁt%enq/wdﬁ\ériemw dhibp reaiugrigyialdhis toeove Sipsanies time
represeng ed chy bé ax@HbSy. (1 X) :

A number of different chromatography methods can be used by the person skilled in
the art in order to perform the separation of step (ii): the conjugate can be purified e.g.
by SEC, adsorption chromatography (such as ion exchange chromatography, |IEC),
hydrophobic interaction chromatograhy (HIC), affinity chromatography, mixed-support
15  chromatography such as hydroxyapatite chromatography, or high performance liquid

chromatography (HPLC). Purification by dialysis or diafiltration can also be used.
An example of a process which can be used is described in the Example 1.b.1.

As used herein, the term “aggregates” means the associations which can be formed
between two or more cell-binding agents, said agents being modified or not by

20  conjugation. The aggregates can be formed under the influence of a great number of
parameters, such as a high concentration of cell-binding agent in the solution, the pH of
the solution, high shearing forces, the number of bonded dimers and their hydrophobic
character, the temperature (see Wang & Gosh, 2008, J. Membrane Sci., 318: 311-316,
and references cited therein); note that the relative influence of some of these

25 parameters is not clearly established. In the case of proteins and antibodies, the
person skilled in the art will refer to Cromwell et al. (2006, AAPS Jounal, 8(3): E572-
E579). The content in aggregates can be determined with techniques well known to the
skilled person, such as SEC (see Walter et al., 1993, Anal. Biochem., 212(2): 469-480).

After step (i) or (ii), the conjugate-containing solution can be submitted to an additional

30  step (iii) of ultrafiltration and/or diafiltration.
The conjugate is recovered at the end of these steps in an aqueous solution.
Maytansinoids

Among the cytotoxic agents that may be used in the present invention to form a



wherein: Y2' represents

15( CR7R8), ( CR9=CR10) p(CEC) cl Ar (CR5R6) , , D' (CR11=CR12) 1( CEC) sB1( CR3R4) nCRLR25
Z2, wher ev0:2011/039724 R1 and R2 are each independent|y CHBCTABE(/0344202ar
branched or al kyl or alkenyl having from1l to 10 carbon atons, cyclic alkyl
or al kenyl having from3 to 10 carbon at¥hs, phenyl, substltut ed phenyl or
het erocyclic aromatic or heterocycl oal kyl radl cal , 20and in addition R2 can

be H, cytBioxf: coﬁf&@a@ §Ma3!t§'r@s¢rﬂ%%d§rﬂf rln¥ bﬁ&r%ﬂ@'aﬁé\b%ﬁé’ lEx@mpfgcdroal kenyl

having 3 to 10 carbon atons, sinple or su5|tute or heterocyclic

aromati c or Shtablg eeyﬂen@aqnﬂsjuncwae.nwtansml arymapignsing a”F&PQS Rdaytpesingidy, R11,
and R12 arearagligs HEeRBMSNEIY I f@ﬁﬁatlo%%n‘a%&i aré h@ﬁ@/rtoﬁé &wna%a%ﬂfenyl

having from 1 to 10 carbon atons, branched or cyclic al kyl or al kenyl
havi ng fronf8!s o 10 carbon atonms, phenyl, substituted phenyl or

het erocyclic aromatic or heterocycl oal kyI radi cal ;
2011/ 039@24!5@'7‘9'82(9’&@‘/'@@@4”293/"2@"22 af‘é'ogF@SdF‘C'UQﬁQOS@vHéY'@Q A Medified|gremalic al kyl

or al kenyl haybﬁ&tﬁo%@m%n%%oaﬂlcgﬁdre% oﬁhteeB@s.t.&fsaegaeghleblew&;tmuﬁi &YAreOr
al kenyl having from3 carbon atons, or £294 % substituted arg/l or

het er ocycl i gisaloBertin L SoPaieet 'ﬂ%é‘y@%”dﬁkfu@%&dﬁ 4367 X8y #.8413.94

embodi ment S4@f15f9<29nmb§-1 69904 361065061& 3@9@99%9@4 8é6;laqsnisa; 4 K¥d suberein: Rl
5is methyl, R2 mayt ansi noi ds can be conjugated to

anti - EphA aﬂﬁmé’&? %ﬁ%ﬁ%%ﬁd}%ﬂ#@ﬁﬂ%g&w 84G.pBynent thereof, wherein
the antibody is_linked to the maytansinoid using the thiol or dISU|fIde
functi oh@l i é?e?'f*%?anéo"ﬁr ‘éfssé’H@b'%ﬁ”@'ﬁgueasc?flm@’rtﬁfﬁ‘%f‘a‘érﬂg afndified #remetto aci d
side chain fipyp@iak: 0- 3, 0-14 hydroxynethyl, 0-15 hydroxy or 100-20
desnet hyl of the maytansinoid, and wherein the acyl group of the acyl ated

am no acid %1)®1glaabmoﬂaﬁ(@$tF8attl‘llb all 2581 748) b parde bl Unstre@idibhtoy | ocated at a
carbon atom that has one or two substituents, said substituents being CHS,

C2H5, |i neaP SAMRYPCIBP 2] kenyl having from1 to 10 carbon atoms, branched or

cyclic alkyl ot oghienyl 43vbag.tLom.2 o0, Grban aLOMcPRERYer oo oot

and i n asldi %i307,0288(pedpdréEby ddrEEthlIMESH SsieRBHr&Sollycast AdiBoR testdre acyl
group has a Ilr?ear chai.n Lﬁpgth of at |east three carbon atons between the

car bonyl fuﬁ‘é‘fri‘?m@l’“?'ws'agl @yl fur atom A preferred conjugate of the

r1Ra5R7A b1 G oNORBebgE PO FFARCRDCERD: et cBh LGP aaNe g 2 o)

200bt ai nabl grbyaredbjy ag@biichusmd dyl enlomygsansi noi d of fornula (X):

Specific examples of suitable analogues of maytansinol having modifications of other

20  positions include:

(1) C-9-SH (U.S. Pat. No. 4,424,219) (prepared by the reaction of maytansinol with H,S
or P,Ss);

(2) C-14-alkoxymethyl (demethoxy/CH,OR) (U.S. Pat. No. 4,331,598);

(3) C-14-hydroxymethyl or acyloxymethyl (CH,OH or CH,OAc) (U.S. Pat. No.
25  4,450,254) (prepared from Nocardia);

(4) C-15-hydroxy/acyloxy (U.S. Pat. No. 4,364,866) (prepared by the conversion of

maytansinol by Streptomyces);

(5) C-15-methoxy (U.S. Pat. Nos. 4,313,946 and 4,315,929) (isolated from Trewia

nudiflora);

30  (B6) C-18-N-demethyl (U.S. Pat. Nos. 4,362,663 and 4,322,348) (prepared by the

demethylation of maytansinol by Streptomyces); and
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(OR7R8), (OR9=0R10) p( CEC) ci Ar (OR5R6) ,, D' (CR11=CR12) 1( CEC) s131( cR3R4) nCR1
R2S-, whewein11/08972B, and D, each independently is cycl oRCKJB2006/054422
cycl oal kenyl having 3 -10 carbon atons, sinple or substituted aryl, or

het erocyclic aromatic or heterocycloal ky$9radical; 5R3, R4, R5, Rg, R7, Rg,
Rg, R10, R11, and R12 are each independently H CH3, C2H5, I|inear alkyl or
al kenyl having 4-nemyiUt® B @k B9 588 PitPopaRIPHCIRE Gtiurk ¥ichiofidgtL KMl or

al kenyl having from3 to 10 carbon atons, phenyl, substituted phenyl or

het er ocycl i €edictomefimavdangider ocycl oal kyl radical; and I, m n, o, p, q, r,
s, and t are each independently 0 or an integer of from1l to 5, 10provided
that at | eadt?apPiiererd gmbegimant, the gytotexic gonjug fithe preserifneation dilge e any
one tine. PigdRoaining RaytafsiABt i), Remiaty Brmeb NR1dcitety RR? 28-thef@ipioLh-  An
even nore preferred conjugate of the present invention'is the one that
conpri se3 t RECRIARY -EARANSNR-ia540g CEpiPXRBIRTU DY ig repsasaniriliey B fellondneent

t her eof cog{m&g%g@rﬁga@@ayt ansinoid of formula (XI-L), (XI-D), or

(XI-D, L): (XI-L)(XI-D) 25wherein: Y1 represents

(OR7R8), (OR5R6) , , (OR3R4) nCRi R2S-, wherein: WD 2011/ 039724PCT/ 1B2010/ 054422
48 phenyl, substituted phenyl, heterocyclic aromatic or heterocycl oal kyl

radical, and in addition R2 can be H, R3, , R5, Rs, R7 and R8 are each
i ndependently H, CH3, C2H5, linear alkyl al kenyl having from1l to 10
carbon atons, branched or cyclic K or | having from3 to 510
carbon atons, phenyl, substitut ed p enyIN or het e?'acycl ic aromatic or
het er ocygl oal kyl radical; dl, \m ahd o arel each independently an integer of
from1l to 5 and in@dditijon N—ean beoQ; and May represents a

mayt ansi nol whi ch bears

15 (1)

In another preferred embodiment, the cytotoxic conjugates of the present invention
utilize the thiol-containing maytansinoid DM4, formally termed N?-deacetyl-N-? (4-
methyl-4-mercapto-1-oxopentyl)-maytansine, as the cytotoxic agent. DM4 is

represented by the following structural formula (1V):

20

MeO

25

(V)

In further embodiments of the invention, other maytansines, including thiol and

disulfide-containing maytansinoids bearing a mono or di-alkyl substitution on the



100- 15 hydroxy or 0-20 desnethyl. Preferred enbodi ments of formulas (X -L),
(XI-D) and (XI-D,L) include conmpounds of forrmulas (Xl -L), (X -D) and

(XI-D, L) wbhessia3972R1 is methyl, R2 is H or RL and R2 aP€TmBlhyh54422

Rl is methyl, R2 is H R5 Rs, R7 and R8 are each H, land mare each 1; n
is 0, 15R1l and R2 are nmethyl; R5, Rs, R74&nd R8 are each H, land mare 1; n
is O Preferably the cytotoxic agent is represented by formula (X -L). A

further pretghbratdh?BbatertRe Sifr %ﬁ)nﬁ’rrga;glﬁﬁ used ?Héé&iﬂclh&e biweayedRinbhat

conprises the anti-EphA anti body 2HI1 R74 or a honol ogue or fra msnt

t her eof , coRpYip&tad&-3.4--44 ﬁﬁ‘}/’péﬂ’@ﬁ?thﬂr -t hydePdrueTL(2R q%smeﬂ‘wb an acylated
2011/ 039724BGHARAOHAL QRAN AR 4R RS BDLEIPRILISANS B BrcBs, WRdbAed | or

formula (XI) above. Especi al (R% prefeerred arée any o above- descri bed
conpounds, IfeqaEpen iomi of the agdgiosip epfRg the ol fF@Ct'OR?“t)éhaSP@@rté’oeach H,

land mage §é‘l§sﬁ|tujentsa§§ﬂd%ub§tlt@nts bein§ &H; h&JH elﬁ%?b@tbrbﬁcr@dejllﬁf BﬁQkéHy? any of
t he above-descri bed conpounds, wherein Rl are ne R7,

R8 are eachhpying frarmﬂ %1&@”10” HAES revichc @'kﬁ@f ?Fféf*yl heriag I‘imﬂhg F%Hb‘}ﬂrbon

st er eoi SoMehtdnfs, Bﬁ@rfﬁrsruﬁgitutgag)heﬁvl 6rh%té?§&90ﬁ’@§r‘oﬂ%‘tlg%r ﬁ@tH%&clbélk)F%H%d"g U. S.
pat ent appl ication nu 136 iled so be used
in the cyt o?BQflEth@bWPﬁr@&t@eoqf“ﬁ%@ltﬁﬁ'@%ﬁtcaﬁrﬁ\?é%tqnéﬂ"hem@”@nQQW@roélpé‘é‘ﬁ@sure
of U S. pat ﬁﬁ@ar%ﬂ@ih'l&%{tﬂ @fnatrwébﬁ{reeleérééﬁat%%@ pvSerl ﬂﬂﬁ%b%h?ltfﬁr%n'&ﬁélﬁ_\'/n by
reference. Disulfide-containing |inking groups In order to |link
naytan5|%0|é”@®%§%ﬁﬂ@mﬁindlng agent, such as t he 2H11R35R74 antlbody, t he
mayt ansi noid conprises a linking noiety. The |linking noiety contains a
cheri cal borR4ch Agditienal BiRytapgipes W@'W@C@@Q@ums "eRlesgniae PV {EMR/ansi noi ds at
a particular 15site. Suitable chem cal bonds are well known in the art and
i nclude disulfide bonds, acid | abile bonds, phot®labile bonds, peptidase

| abi | e bonds and esterase | abil e bonds, The i ﬁg noi ety al so conprises a
reactive chemcal group. In a preferre 0 the reactive chem cal
group is used to covalently bind to Bhe ytansinoid via a disulfide bond

| i nking noi ety. 20Particul arlg l\ef efir edor eact'i ve chem cal groups are

N- succi n%m dyl esters and N sul fQCI niimglyl esters. Particularly

preferré naytan5|n0|d¥e° 0P iAkhQg 1 t hat contains a
reactive chem cal group ar Ryt anki nol and its anal ogs where
the Iinking noiety containd disul fi de bond

and/ t he chem cal reactive

group conprises a 25N succi nr¥ dyI or N-sul fosdccrm m dyl ester.

N
OH
MeO

20 (V)
wherein:
Y’ represents
(CR7Re)(CRy=CR10)p(C=C)qA(CR5R6)mDu(CR11=CR12)((C=C)sB{(CR3R4).CR1R.SZ,
wherein:

25 R4 and R; are each independently CHs, C,Hs, linear alkyl or alkenyl having from
1 to 10 carbon atoms, branched or cyclic alkyl or alkenyl having from 3 to 10 carbon
atoms, phenyl, substituted phenyl or heterocyclic aromatic or heterocycloalkyl radical,

and in addition R, can be H;

A, B, D are cycloalkyl or cycloalkenyl having 3 -10 carbon atoms, simple or

30  substituted aryl or heterocyclic aromatic or heterocycloalkyl radical;



Many positions on maytansinoids can serve as the position to chemcally
link the |inking noiety. For exanple, the 0-3 position having a hydroxyl
group, thEoQet3prgiti on nodified with hydroxynethyl, tRETOBABO/NHL2E i on
nodi fied with hydroxy and the 0-20 p05| tion having a hydroxy group are all
expected to be useful. However the 0-3 3¥bosition is preferred and the 0-3
position of maytansinol is especially preferred. WO

2011/ 039724RETRARRULORISAARE, 190, Rind R i 16adHOh BbrcRBertlyH) SHDLHE hdHrcal
bonds (as described ab ove% can al so be used wi th pr ésent T nvent | on, as
can ot her najdiakesyldavingfe f 1%1@52%{#?9!‘ 8Ny, btﬁnﬁﬁ?d @Wﬁi'@:a‘kyl%ﬁﬂﬁni"ncl ude
aci d | abi | enbapd&eomPei @ @a@bdrﬁat@ﬂ@ﬁen?ﬁ@&béﬁﬁﬁé‘d byl & Raa1Esy b drRedier ase

| abi | e bonds. e di scl osure of Pafent No 88 020, i'ncorporated
Sherei n, teQ&h@§quWéoi‘iMd%ﬂi(ﬁ'on of maytansi noi ds bearing such bonds. The
synt hesi s of mayt ansi noi ds and mayt ansi noi d derivatives having a d| sul fide
noi ety that Hedr 8 B &bt @MY EAG indepgRRHY 9 anrinteoe. Oflffé’ﬁbh?

6,441, 163 apehvRiedIRatblbasPiid dd1,%n, fNOPD) %@%%Nﬂe nJaPéér@Jat §|5ﬂ-oné3fﬁrﬁ§' 4d whi ch

is herein i ncor porated by refer ence. EG cont ai ni ng | i nki'ng gr oups

Mayt ansi noi gss FagRarsQoRe whirked id Hhe%@‘bik ijr%ﬂdeﬂ RAtiNHS k80 Bloh | nki ng
groups, as set forth in U.S. Patent No. 8 1 T ese PEG |inking groups
are sol ubl e 2951 branchied ercysic@lky Oﬁé“feﬁﬁd héwugf@m Q/E’nT%Carﬁ?fUat@H}? esimBled t o

join one or oPBIRLIkIYSPIOMIrhelISEH cH hidntic 8t hetbfd& £ID8KAeRNEal. Exenpl ary PEG
| i nki ng groups include hetero- 15bifunctional PEG linkers that bind to

cyt ot oXii¢ agestbiFedBRbE@Meni d16briti2W8 HchidatcorpROsdd & femelsa Of) ieeihi nker s

t hrough a functional sulfhydryl or disulfide group at one end, and an
active ester,ameing, & kew agdd.is AS a general exanple of the synthesis of a
cytotoxic conjugate using a PEG |inking group, reference is again nade to
U. S. Pat ent RNand &, 4lEm8tYl &y zgpeci fic details. 20 Synthesis begins with
the reaction of one or nore cytotoxic agents bearing a reactive PEG noiety
with a cell Rpigemngl, Rg&t, andesigltSoHy i n di spl acement of the terminal active
ester of each reactive PEG noiety by an am no acid residue of the cell

bi ndi ng agem; and & Aramethlye aAtHZIR3SBA4 anti body, to yield a cytotoxic

conj ugate conprising one or nore cytotoxic agents coval ently bonded to a
cel | bi n8li nGuelgedditiériat magtanain8EGsb intkidego#ipgundireptdsented dlySormpues 8/l e t o
use PEG I|i nzwr“?% &l;ﬁ whi ch do not bind to cytotoxic agents through a
functi onal [ gd 1 r di sul fide group. Thus conprised within the scope
of the invention is the maytansinoid of formula (XI11), herein referred to
as PEG4- NHAc- DMA:  10( Xl lHqAISH) co@prised wthi erhe feaning of the

invention is the maytansi foflnula (XIV), hetr@&ga refdfred to as
PE&4- Mal - DVK: (XIv) O 0 C rised wt ' f the
invention is the nwg,yﬁsmld of Nf or mu¥a 2B{a%XI V), i'h referred to as
SPDB- D4 0
20
(VI-L) (VI-D)
0
H,c, [
/O
May N \4
25 |
o)
(VI-D,L)

wherein:



52 (XXI'V) 10Al so conprised wthin the nmeaning of the invention is the
mayt ansi noid of formula (XXV), herein referred to as: PEGI- NMeAc- DVA
(XXV) 25Aveaotiasprdsed within the neani ng of the invent POR/IBH10/hE4422
mayt ansinoid of formula (XXVI), herein referred to as: PEG-NHAc-DW WO
2011/ 039724PCT/ 1B2010/ 054422 53 Al so conf#ised within the nmeaning of the
I nvention is the maytansinoid of fornmula (XXVI1), herein referred to

as: _PEGA- Al 'Yleapr@Mgnts (cu(zﬁ% IdR;R20 (W, H4?@R§R2\§2 gr oup- cont ai ni ng

mayt ansi noi ds, such are reacted with an anti body, such as the
2H11R35R74 wﬂg,}etp@dy, to produce cytotoxic conjugates, wherein the cytotoxic
is covalently attached to the antibody. These conjugates nay be purified by

HPLC or by gel -f Rl bh@R, ar ea%hnﬁﬁ@ha&qgmoob%menﬁeé?famyh@r AR NE VY frdm @

conj ugat e of the 2H11R35R74 anti bod 50r o humani zed version thereof,
sai d conj ugét @ Q&ﬁ@pp@ltq@s éﬂ%gg Qg(pgzll(é@@ﬁltor alkenyl having from 3 to 10 carbon

5 atoms, phenyl, substituted phenyl, or heterocyclic aromatic or heterocycloalkyl radical,

and in addition R, can be H;

Rs, R4, Rs, Rs, R7 and Rg are each independently H, CHs, C,Hs, linear alkyl or
alkenyl having from 1 to 10 carbon atoms, branched or cyclic alkyl or alkenyl having
from 3 to 10 carbon atoms, phenyl, substituted phenyl, or heterocyclic aromatic or

10  heterocycloalkyl radical;

I, m and n are each independently an integer of from 1 to 5, and in addition n

can be 0;

Zis H, SR or -COR wherein R is linear or branched alkyl or alkenyl having from
1 to 10 carbon atoms, cyclic alkyl or alkenyl having from 3 to 10 carbon atoms, or

15  simple or substituted aryl or heterocyclic aromatic or heterocycloalkyl radical; and

May represents a maytansinoid which bears the side chain at C-3, C-14

hydroxymethyl, C-15 hydroxy or C-20 desmethyl.

Preferred embodiments of formulas (VI-L), (VI-D) and (VI-D,L) include compounds of
formulas (VI-L), (VI-D) and (VI-D,L) wherein:

20 Rjis methyl, Ryis H, Rs, Rs, Ry, and Rg are each H, land m are each 1, nis 0, and Z
is H.

Rs and R; are methyl, Rs, Rs, R;, Rgareeach H,landmare 1,nis 0, and Z is H.

Ry is methyl, R, is H, Rs, Rs, R7, and Rg are each H,land mare each 1,nis 0,and Z is
—SCHs.

25 Rjand R;are methyl, Rs, Rs, R7, Rg are each H,land mare 1, nis 0, and Z is —SCHs.
Preferably the cytotoxic agent is represented by formula (VI-L).

Such additional maytansines also include compounds represented by formula (VII):



attached covalently to said 2H11R35R74 anti body, said cytotoxic agent being
chosen between the maytansinoid of formula (XIIl) and the naytansinoid of
formul a (WO\Jp11/d3p72a nore preferred enbodi nent, the conj RgatBnmo/oes4422he

mayt ansinoid of formula (XII1) to the 2H11R35R74 anti body of the invention
will result in a 2HL1R35R74- PEG4- NHAc- DM 30conj ugate. In another further
preferred enbodi nent, the maytansinoid of formula (XIV) is conjugated to

t he 2H11R35R74 antibody of the invention to yield a 2HL1R35R74-

PEGA- Mal - DMA conj ugate. Thus, a preferred enbodiment is drawn to an
ant i body-drug conjugate haV|ng a structure consifpting of the structure of
the formula (XV): WO 2011/039724PCTk;82015/054 2 54 10( XV) wherein Ab
is an antibody of the invention and n an egery conpri sed between 1 and
15. Preferentially, n is conprised hetwg nd 10. Even nore
preferentially, n is conpriéed\bet I n anot her further
preferred enbodi nent, pf the fnvention is the 2HI1R35R74

anti bodysor a hunmaniMe&) t hereo and>te conjugate is a
2H11R35R74- PEG4- NHAC- DV4 3 preferred enbodi nent is
drawn to an anti body-dr ug gate having|a strjucture consisting of the
structure of the fornula 37 i A, is an anti body of the

invention and n is an integ ahd 15. Preferentially, n
is conprised between 1 and 11. 1y, nis conprised
between 5 and 7. In another f 23 S gt , the anti body of

WO 2011/ 039724PCT/ 1B2010/ 054422| 55 t he |nvwnto@n4|s the 2H11R35R74 anti body
or a humani zed version thereof,!and the compogate is a
2H11R35R74- PEG4- Mal - DA conjugate. Several excellent schemes for producing
such ant® body- mayt ansi noi d conj ugat e%/llare provided in U S. Patent No.
6, 333,410, and U. S. Application Nos. 09/867, 598,

wherein:

Y represents (CR;R3)(CRsRs)m(CR3R4).CR1RSZ,
wherein:

R; and R; are each independently CH3, C,Hs, linear alkyl or alkenyl having from
15 1 to 10 carbon atoms, branched or cyclic alkyl or alkenyl having from 3 to 10 carbon
atoms, phenyl, substituted phenyl or heterocyclic aromatic or heterocycloalkyl radical,

and in addition R, can be H;

Rs, R4, Rs, Rs, R7 and Rg are each independently H, CHs, C,Hs, linear alkyl or
alkenyl having from 1 to 10 carbon atoms, branched or cyclic alkyl or alkenyl having
20  from 3 to 10 carbon atoms, phenyl, substituted phenyl, or heterocyclic aromatic or

heterocycloalkyl radical;

I, m and n are each independently an integer of from 1 to 5, and in addition n

can be 0; and

Zis H, SR or -COR, wherein R is linear alkyl or alkenyl having from 1 to 10
25  carbon atoms, branched or cyclic alkyl or alkenyl having from 3 to 10 carbon atoms, or

simple or substituted aryl or heterocyclic aromatic or heterocycloalkyl radical.
Preferred embodiments of formula (V1) include compounds of formula (VIl) wherein:

R, is methyl, R, is H, R5, R6, R7, and R8 are each H; | and m are each 1; nis 0; and Z
is H.

30 RjandR;are methyl; Rs, Rs, Ry, Rg are each H, land m are 1; nis 0; and Z is H.



510/ 161, 651 and 10/ 024, 290, each of which is incorporated hereinin its
entirety. As explained above, in general, the conjugate can be obtai ned by
a processwoanmwa3gizag the steps of: (i) bringing i nto coRCRAB20AOI054422
optional | y-buffered aqueous solution of an anti body with a solution of a
mayt ansi noi d; 10(ii) then optionnally sefphrating the conjugate which was
formed in (i) fromthe unreacted reagents and any aggregate which may be
present in Rhes eyl ROR HMNY &, SRE NI A rb ¥actHS Ll h Qe icraN B8 Bady in
aqueous buffer may be incubated with a nolar excess of naytansinoid having
a disul fideistot@dy that bears a reactive group. The reaction mixture can be
quenched by addition of excess am ne (such as 15et hanol anmi ne, _taurine,
etc.). The FaphaRsieFOMENhRsdd R canfragack Hrbgnd Mete Ben [t ignd &ds by CHs.
gel-filtration. In one aspect of the process, the antibody is the
mu2H11R35R7 2ugh BigteRp maygnﬁ'ﬂ%mﬂi‘@ﬂ'”(?'é?%P@ﬁp?%éﬁ?rﬁs?me‘i%%@k"aa(¥Hlé'ct of
t hat prosesgxévmqumpgnmxig;agent is a cytotoxic agent chosen between:
20t he conpound of forrmula (XVI1): (XVI1) 30wherein Y is
N-succi ni m dyl oxy, N-sul fosucci nijm dyl oxy, N—phtha&ini@yloxy, N WO
2011/ 039724PCT/ 1B2010/ 658422156 i 0; y’/ﬂj t r ophenyl oxy,

- 4- Mt r ophenyl oxy,

4-ni trophenyl oxy, 2, Aodi ni‘t{ ophe
3- car boxy- 4-ni t ropheny ] I " halggen d@om d the conpound
of formla (XVIﬁﬁgy A éﬂgﬁyf s N—shccin?%idyloxy,

N-sul f osucci ni mi dyl oxy, O\ pht Ral i mi dyl oxy, N159ul f opht hal i mi dyl oxy,

2-ni trophenyl oxy, 4-nitrophenyl oxy, 2,4-dinitrophenyl oxy, 3-

sul fony1l- 4-ni trophenyl oxy, 3-carboxy-4-nitrophenyl oxy, im dazolyl, or

hal ogeni@t om (VI -L) (VIIl -D)
He, 3 ¢
O JJ\
May”’ NT Y,
I
(VIIl -D, L)

15 wherein:
Y2 represents (CR7Rg)|(CR5R5)m(CR3R4)nCR1 R2822,
wherein:

R; and R; are each independently CH3, C,Hs, linear alkyl or alkenyl having from
1 to 10 carbon atoms, branched or cyclic alkyl or alkenyl having from 3 to 10 carbon
20  atoms, phenyl, substituted phenyl or heterocyclic aromatic or heterocycloalkyl radical,

and in addition R, can be H;

Rs, R4, Rs, Re, R7 and Rg are each independently H, CH3, C,Hs, linear cyclic
alkyl or alkenyl having from 1 to 10 carbon atoms, branched or cyclic alkyl or alkenyl
having from 3 to 10 carbon atoms, phenyl, substituted phenyl or heterocyclic aromatic

25  orheterocycloalkyl radical;

I, m and n are each independently an integer of from 1 to 5, and in addition n

can be 0;

Z, is SR or COR, wherein R is linear alkyl or alkenyl having from 1 to 10 carbon
atoms, branched or cyclic alkyl or alkenyl having from 3 to 10 carbon atoms, or simple

30  orsubstituted aryl or heterocyclic aromatic or heterocycloalkyl radical; and



An exanpl e of a process which can be used to with an anti body and a
conpound of either formula (XVII) or (XVII1) is given in Exanple |I. The
nunber ofworytiznsgizaoi d nol ecul es bound per anti body nol @CWNB2010/05442p- t O-
20anti body ratio" or "DAR') can be determ ned spectrophotonetrically by
measuring the ratio of the absorbance at4®252 nm and 280 nm of a sol ution of
the substantially purified conjugate (that is after step (ii)). In
particul ar, saidpiR samhyResmelger m ned spectrophotonetrically using the
measured extincti on coef¥|C|ents at respectively 280 and 252 nmfor the
anti body: Eé%&@ad@%a@%y%éné%l%om%%poﬁgd@%gré%ﬁfémb%for%ﬁﬁ’é@%m ng an
average 160, 000 nol ecul ar weight for the antibody, and fof th
mayt ansi noi d, ED280= 5,180 M1lcm 1l and D252= 26,159 M 1lcm1l). The met hod of
calculation is derived fromAntony S. Dimtrov (ed), LLC 2009, Therapeutic
Anti bodi es and Protocols, vol 525, 44 Spanger Sci ence and is descri bed
in nmore details bel ow The absorba ']5] njugate at 252 nm
(A252) amd at 280 nm (A280) are nmeasured 30e| on2t he nononeric peak of
hte phe "dAR(SEC)" paraneter) or using
(MIowrm to WO

a cl assic spectrophot oneter
2011/ 039724PCT/ 1B2010/e

paraneter). The

and of the antibody

i & coefficients of the
mayt ansi noid at 252 nm and 280 nm A?52 and EA280 are

i T i 8nt|body at 252 10nm
and 2801cim Resolution of these fwo equatiops '¢h two unknowns | eads to

the follow ng equations: CD = REA280 X A252) EA252 X A280)] / RED252 X
EA280) - (EA252 X ED280)1 CA = [A280 - (CD X ED280)] | EA280 The
average DAR is then calculated fromthe ratio of the drug concentration to
that of 15the anti body: (1X)

wherein:

Y, represents
15 (CR7R8)I(CRy=CR0)p(C=C)qA{(CR5R6)mDu(CR11=CR12){(C=C)sB{(CR3R4).CR1R>SZ,,
wherein:

R; and R; are each independently CHs, C,Hs, linear branched or alkyl or alkenyl
having from 1 to 10 carbon atoms, cyclic alkyl or alkenyl having from 3 to 10 carbon
atoms, phenyl, substituted phenyl or heterocyclic aromatic or heterocycloalkyl radical,

20  and in addition R, can be H;

A, B, and D each independently is cycloalkyl or cycloalkenyl having 3 to 10
carbon atoms, simple or substituted aryl, or heterocyclic aromatic or heterocycloalkyl

radical;

Rs, R4, Rs, Re, Rz, Rs, Rg, Ry, R11, and Ry, are each independently H, CHjs,
25  C,Hs, linear alkyl or alkenyl having from 1 to 10 carbon atoms, branched or cyclic alkyl
or alkenyl having from 3 to 10 carbon atoms, phenyl, substituted phenyl or heterocyclic

aromatic or heterocycloalkyl radical;

ILm, n,o,p,q,r, s, and t are each independently 0 or an integer of from 1 to 5,

provided that at least two of I, m, n, 0, p, q, r, s and t are not zero at any one time; and



DAR = cl, / cA The average DAR neasured with a UV spectrophoneter (DAR(WV))
is nore particularly above 4, nore particularly between 4 and 10, even nore
parti cul awbyohaBween 4 and 7, even nore particul arly beregan2030/854azed 8 and
even nore particularly 20between 5.9 and 7.5 In yet a further preferred
embodi nent, the invention conprises a co#f ugate of the 2HI1R35R74 anti body,
or of a humanl zed version thereof, and a conpound of either fornmula (XVII)
or (XVI11), zyResRbP-ddw, \Rﬁ!%lhﬂ? %Quﬁ%r‘a’il@ﬂ‘opﬁk&%ﬁfﬂa\ﬁn@ﬂgmﬂ Rt @hsdnnoi d

nmol ecul es/ anti body nol ecul e, sai d DAR being determ ned by neasuring

25spect r ophétofiebranched 9r qyslic alkyliop alsenyl havias §6rban@ carbon sPMPRFIEPESY nm

of a soluti @ﬁbs@uﬁutéd‘@rgﬁé@%t&@&yc% bbbnpéﬁ'b'ofrh@@r&%@lbﬁl@ﬁt@dlcalm
2011/ 039724PCT/ 1B2010/ 054422 58 invention. In"a particular aspect, such

conj ugates paMerréd §r§1b§<ﬁﬁ1@h% SRR (Petinaede é&ﬁ;ﬁﬁﬂn@s cM¥mandd) amakdig R XVI)
wherein Ab is an antibody of the invention, and wherein n is corrprlsed

bet ween 2 akd"§OY!: Raispreferred enbodi ment, n is conprised between 4 and
7. In anot her preferred enbodi nent, said conjugates have the structure 5of

fornul a (Xv)he eBayaIpsnianegmaansisifiscanierdoninggiodrie priEah danliodan be

eval uated foH14ResR7AHH4 hérﬁolb@uéé‘rﬁ?ﬁg@rﬁeﬁt MePddff RatbinQRe htinbaAY iDihked Ry\RBL ed
cell lines in vitro, For exanple, cell lines such as the human ep |dern0|d

car ci noma | Meytaasipgip usmethﬁmr?rgwwﬂpe d&cfionglifygthalif PEaseakd thF’laﬁé' 9ENP Ot he

human br eastntdfBiedldnifo SKBERe@RdintrbghBatrdcdt ¢:13 Hydrah@Bmyt 45 hydigxy or
10Namal wa can_easily be used for the assessnent of cytotoxicity of these

conpound$. Ea%4 %estnﬂﬁt'ﬁ)\él ok a1 ratanpincith apd Whepds €1 3%y 9iRuP 86%@&)’1'8?‘1@6?'”‘24

hours and t BeidSsieVdnsinsfitsagibi &rbﬁsmarrdeq@ﬂmdt@narﬁ%@é@d at B cdivoRGorA B Yigs by
known net hods. | C50val ues can then be calculated fromthe results of the

assays. To mRYFPE WP HosH W%@tﬁv%’éd Juppiiieptipasinend ids: g@'ﬁ'@r"a??fg"‘”fyéo'i #ee esent

invention mMaxviad ﬁ@mbﬁtoaotméinﬁ &ﬁﬁéhé@tdr‘é%hcwwwm@érﬂl BffingyRérhsas are
pyrrol o[ 1, 4bbenzod|azep|nes known cl| ass Pi]gpounds exerting

their bi ol odP &ar OBra&iS’é?tHh%y'b%FbéW%dé}li‘PWl %lhﬁtﬁr‘?@{dicoar? IRQ" of guani ne in

the m nos gheevsyaballkiAadiEend |H%|dbm1@n 8néd BB suBdtitidntOEardbORY EndvAstes such
as anthrarrym n, neothranycin and 20Novel tomaynycin derivatives that

retain hi ght@aet saﬁeveh@@aan%ertqhaw '%%h BEaté??sé&rP?/é?r;boF eiesestgeeine bi ndi ng

agents are dggoehy h@ttibmalityend the’umatdtenal Application No.
PCT/ 1 B2007/ 000142, whose content is herein incorporated by reference. The

cel I bi ndi ng meRmed '&:@rﬁ]ﬁgem‘@ffhedﬁéééh@tnlvb!ﬂlcﬁﬂﬁm&jﬁé&hﬁl&foi’ﬂpinséé’lﬂlefdmltllE sure
derivatives to be applied in a

of the cytotoxic t he tomay p

t ar get ed faé‘ﬂwy%&éégﬁﬁg% haanhe QQ%PT agmeR heraelr eadvaated o o gl ng side
ef fect sz@ueobgurﬁ@ré&gfacdnﬁlga@cshwttmragabﬁdnmadjbhwﬂﬁabl(X) The cytotoxic agent
according to the present invention conprises one or nore

X 0
o) )}\
Y\N Y,
0 |
o)

MeO
25

MeO

(X)
30 wherein:

Y4 represents



tomaynycin derivatives, linked to a cell binding agent, such as the
2H11R35R74 anti body, via a linking group. The linking group is part of a
chem cal woi2etwy3ptrat i s 30coval ently bound to a tomayny®CH/IBz)/0RLY e

t hrough conventional nethods. In a preferred enbodi ment, the chem cal

moi ety can be covalently bound to the tohhynycin derivative via a disul fide
bond. The tomaynycin derivatives useful in the present invention have the
formla (XX e £ gl e bond;
10- represed%gﬁgl ﬁgrbgm%¥%Mb?A§gﬁéz%WD(ngugﬁgw(§q%n?9g$%€?ggh§%ﬁat when -
represents @naidiigl € bond, U and U, the same or different, independently
represent H and Wand W, the sane or different, are independently

sel ected franstAgy gr@éahuﬁdﬁb‘éhaéhtwgs 8¥ciddikyl awb@tda%nﬁwﬁbm $ 16RarkdA ester
(e.g. an acefate), such as -000R a carbonate such as - 0000R a carbamate

such as - 19%&@%@ %%FWE?d@éY'b%rn%ﬁt%rOCWEHFQ”P?&'LC obetesrryCioaikyldpdica); part
of the cycle, a urea such as a thiocarbamate such as - OCSNHR, a

cyclic thi oRarBafetRe Rade Bﬁaﬁw o aé}ﬁid:z@fie er@ indepgpdently K. i@"ﬁe%wfel'”eaéH a

sul fide suc Blkalsor'aﬁ@n eha¥ihgfrorh d€o $0168Has atoﬁg?braahcﬁw tégig%néanﬁﬂ RalkeSPOR, a
sul fonate such as -S 3 -, a sul fonanm de such as - an ani ne such as

-NRR , opti BRUNY fFomyti °|1(9 @R eAteme nPhanyb Smsétlﬁ%ﬁfdﬁww f%ﬁ*"éo%ycb%?’fonﬁt'ct he
cycle, a hYGF@é‘t}é}o%K%@zﬂkﬂ%dlé’aﬂitdn‘de such as -NROR , an ani de such as - NRCOR,
an azido such as - a cyano, a halo, a trlalkyl or triaryl phosphoni um an

am nCéa_t'ci d- demh,ved, %ﬁi?u,rsh SRﬂgfal%rﬁéhgnd\%p@H@edﬂ&O&fr%ntlﬁl@géradfﬁﬁrd oglﬂdibfsfgr e[lJt agd
are , an en e esents a ou e on an

U are é%seﬁfoogjr‘?& twt%%a%m@gﬁﬁés@w (i S@@ t'39 NORrPOt 2689-at ARYRORGMEa e or
di fferent an pendent fron1 | i de Al kyl optionally

substit ut ed Eﬁfer@ﬂ@ gf*'sr%?thg’/' ?'S éf—%me%ié' Aryl, Het, S(0)gR or

o Tespee: e hopp s Gl LIS
respecti vel yhe arfB-Bysth ﬁ]tlb@dﬁZHmﬂ?m @rTa thrhdledendr fragehdnt the pen i fulgitedhosen

from Al keny be|n opti o ly. s i d > or nore Hal, ON, NRR
CF3, OR Ar% ”S@P@fgg 6%“H&§ig(%ﬂbﬁéﬁﬁéégﬂ§ an oxygen atom

5Prefer Iy, B= B More preferably, B=B = =CH2 or =CH- CH3, X, X are the
sane or different and |ndepend/%f\? chosen fron1on¢+or<ynre -0-, -NR,

-(0=0)-, -S(0)qg-. PrefBi@pl \\H:>i\

(XI-L) (XI-D)

20

(XI-D,L)
25  wherein:
Y1 represents (CR7Rs)(CRsRg)m(CR3R4).\CR1R:S-,
wherein:

R1 and R; are each independently CH3, C,Hs, linear alkyl or alkenyl having from 1 to 10

carbon atoms, branched or cyclic alkyl or alkenyl having from 3 to 10 carbon atoms,



10More preferably, X=X =0. A, A are the sane or different and

i ndependently chosen from Al kyl or Al kenyl optionally containing an oxygen,
a ni trogewoan11a3sif ur atom each being optionally subst®craBzdo/bisdszne or
nmore Hal, ON, NRR, CF3, OR S(0)cp, Aryl, Het, Alkyl, A kenyl. Preferably,
A=A . 15More preferably, A=A =linear unststituted al kyI Y, Y are the
sane or different and i ndependently chosen fromH, OR, Preferably, Y=Y'.
More pref er%ﬁé%ﬁl s\ﬁﬁ%tmge‘lpiﬁ%yl H@ér@cﬂﬂr@%ﬁi’n@ﬁk%r%whloalky rb@rcal'\!ﬁid in- 0-
-S(0)g_, or a nbered aryl’, cycloal kyl, heterocyclic or

20het er oary?dd'é%ﬁzﬁﬁl%"‘optl onal |y substituted by one or rmre Hal , ON,

NRR OR S%S)ng and/ or Ilnker(s) or a branched , opt| onal |y
subst i tut ede Re P Reigre eagh indgrndentiy, C@l’% Ceilo j(’:‘?ﬁré‘ﬂﬂ era lkgiker (s) |
or a linear hé‘lnkg[i{“roﬁrwb@)t‘!()tdétr&% éle@n&aﬁéheanr%¥$I@|alkym al Iha\ﬁ;‘r_ﬁiﬁror@@ to

S(0)ci R and/or i nker Pref erab is a4 to 10-nmenbered aryl or

het er oar9l , %?@Oﬁraé‘?"@ﬁ &BPS}y'pﬂ’é’ﬁVPte@rthBHW|h8§ﬂr00y6|t5ﬁreﬂ‘ép¢ 9r substituted by

one or rmrehgfewaggn( | r@ib4l: | i nker conprises a linking group. Suitable
| i nki ng groups are weY known in the art and include thiol, sulfide,

di sul fide growpgd ntahd 8fINREe@NAERS, andificdel Gdne 1 €5 SUMRY in Bh@ﬁréﬂ Albh 8e @F OUps,
pepti dase | abi | e groups and esterase |labile groups. Preferred are di sul fide

groups and #Af oet her groups. WO 2011/ 039724PCT/ 1B2010/ 054422 61

cont ai ni ng g@(}){ug, the side chain carry g e thiol, the sulfide or

di sul fi de gré¥p %rsaerﬂ%armaréaarsr@rwarca%ﬂ@ he a'PSﬁﬁ%'P@t &r3: I?eﬂ‘éF%‘H%f”i‘%thy'Owe of
or di nar yg skid-is h r@)kg,e)rqlf poeasmeddi |y identify suitable side chains.
Preferably, said linker is of fornmula: 5-G D (2)p-S-Z where is a single

or doubl e beasterredembodmetts of MRmulasi (XI-B), $XINY) #hdaeind), [9lincllite contpdRds of
_E- NR- F- E-NR-CO F-, E-CO-, -COE-, -E-COF,
‘E-S, -E SqumulasF(_;EMg @(l§)) andEQN&?@g/qerem ‘10where E and F are the sanme or

dlfferent and.are, i nde ende osen fr m | i near or branched
- (OCH2CH?) | Ay 18/ P EBY % %&P%}r %ﬂ%—‘lZ)l AIkyI - (OCH2CH2) i -, -

OCH2CH2) i I 2 2 Het I
§ OCHZCHZ% i %rl;l ??EH}ZISCB('—@% &H S)'deerrzEﬂ%:H o %@ﬁe cécn i iso,”
- Al kyl 2 CH2 OCH2 Al k
15( 080y | Oyl BaPts e G DR R, RORS By %@eﬁ‘zﬁé%r' Hepdrodtl ndt Boreare) -
i Preferably the cytotoxic agent is represented by formula (XI-L).

A further preferred conjugate of the present invention is the one that comprises the
anti-EphA antibody 2H11R35R74 or a homologue or fragment thereof, conjugated to a

maytansinoid of formula (XII):

20

MeO

25

(XIN)



Al kyl - (OCH2CH2) i Aryl (OCH2CH2) j -, - Al kyl (OCH2CH2) i Het er oaryl (OCH2CH2) j -, -

Cycl oal kyl - Al kyl -, -Al kyl -Cycl oal kyl -, -Heterocyclic-Al kyl -,
- Al kyl - Hewerzomympm-, -ALkyl -Aryl-, -Aryl-A kyl -, - Al kylPCHIBEINOBFHI2: |
- Het er oaryl - Al kyl - where i and j, identical or different are

i nt egers and mdependently chosen from 0491 to 202000: Z is |inear or
branched -Alkyl-; pis 0 or 1; Z represents H a thiol protecting group

such as CORwhBfh fe saBflueM8icCA AR FRRGRRANDE) dbovBEL Nyl Al kyl,
optionally substituted Cycloal kyl, aryl, heteroaryl or 25het er ocycl ic,

provi ded t hgkpuhan pZefefréd ke &@'cﬂt@MH%sbr%éd%oﬁ%bhd@Wh‘éF&Wﬁ RGIe is
correspondi ng co ound ornmed "by intranol ecul ar %/c i satl on resulting from

addi ti on of ”‘cel*’fé’ Bb: RyravdRe-aspieaen Hhlkan rﬁ‘r@ée%)‘mj -one of the PBD
noi et i es. n' eual or different are 0 or |solor 2. 30 R R
are equal oF Uﬁh‘frf%P%‘H’ti”yaQ'iEfefrﬁﬂéf?e%@’e?ftt'i‘%/aW@s‘éﬁ?C?t?%ﬁqmpOAPQ%»IWhe)S@'S}|R1 each

bei ng opsi oBaY Ry afdidSthivt WL erl, Ry, kibdre dabh HNRIRG m@Ers 1, &hd 18,0 S(0) aR, Aryl,
Het; WD 2011/ 039724PCT/1B2010/054422 62 or their phar maceutical ly

accept abl e safthsr, they dsminBscyl Slerdbisbnredp@fries, or the pol ynorphic
crystalline structures of these conpounds or their optical isoners,

][acerr}at e?mﬁlaaﬁbemswamswom@naurgm gn@rwmg U.S. pdibet é.wnwg@rtdm%rt he gfne[] al
ornmul a ri.c and stereoi soners are 5also a part of the
i nvention. Pjé% §gfﬁ%ﬂ% 38@06 pEnd SbeGtLiﬁ‘?ﬁyrhﬁP&W ARG %ﬂ@"i‘@é@o‘{}%efor mul a
(XX) i's knopreskht ibgeritisAdTHeyertieuietibs ik of UrS. PatedY BFSichlich MRS 01849,136

correspﬁ)@dl ng i mne duct |n t he presence of water, an alcohol, a thiol,

a primaly ofS BeUBNFLEA e ére GF@5%-and ot her nucl eophl | es. This process is
reversible ndlfcan e%&’é@-/. enerate the correspondi ng 10t omaynycin
derivatives Sr‘r' Wheeop 9rgUfehydrating agent, in a non-protic organic

sol vant, i n vacuum or .at hi h t enper at é Tozuka, 19

At bt ot ool Sger BBk 1 mBuaRnGRE P LbGInD ety S s R ARy ATRT4
derivatives am‘bcgignméarhay&a)fsmloecdrﬁ@ﬂs)es adinkiay swidig Thedidking ndiety RostaiRBta
I nventi on: cher&)(%ﬁl gond that allows for the release of fully active maytansinoids at a particular
15 site. Suitable chemical bonds are well known in the art and include disulfide bonds,

acid labile bonds, photolabile bonds, peptidase labile bonds and esterase labile bonds.

The linking moiety also comprises a reactive chemical group. In a preferred
embodiment, the reactive chemical group is used to covalently bind to the

maytansinoid via a disulfide bond linking moiety.

20  Particularly preferred reactive chemical groups are N-succinimidyl esters and N-

sulfosuccinimidyl esters.

Particularly preferred maytansinoids comprising a linking moiety that contains a
reactive chemical group are C-3 esters of maytansinol and its analogs where the
linking moiety contains a disulfide bond and the chemical reactive group comprises a

25  N-succinimidyl or N-sulfosuccinimidyl ester.

Many positions on maytansinoids can serve as the position to chemically link the
linking moiety. For example, the C-3 position having a hydroxyl group, the C-14
position modified with hydroxymethyl, the C-15 position modified with hydroxy and the
C-20 position having a hydroxy group are all expected to be useful. However the C-3

30 position is preferred and the C-3 position of maytansinol is especially preferred.

While the synthesis of esters of maytansinol having a linking moiety is described in

terms of disulfide bond-containing linking moieties, one of skill in the art will understand



20where A, X, Y, n, T, A, X, Y, n, R, R, R, R2 are defined as in
formula (XX) and W W are t he same or drfferent and are selected fromthe
group corspximMgonhk OH, an ether such as -OR, an ester PETIB2NOTSEY at €)
such as -000R, -COOR, a carbonate such as -0000R, a carbamate such as
-OCONRR , a cyclic carbamate, such that 10 and 011 are a part of the
cycle, a urea such as -NRCONRR , a thiocarbamte 25such as - OCSNHR, a

cyclic thiogp ﬁroﬁe‘tlé@wttlh‘@fheNé’rQerﬁ‘r@Q Hohds 'gﬁ'sede%crﬁ’@édta%i/e)t% AYFb&useSH.  a
sul fide such as -SR a sul phoxide such as -SOR, a sul fone such as - SOOR, a

sul phonat e ¥{it fhearresegFvengions g@s cah /e 1y RORINAYs. fpestiorexamplesfl e uch as

-NRR' . opti eRghicHl Bor@s ifcI RIBI R I§H%*'b6n|a§tpHﬂlcQalﬁrlé%o%4 riébﬁda%,eﬁ%ﬁe hdé he
cycle, a hydroxylam ne derivative such as -NROR , an am de such as - NRCOR,

-~ 30NRCONRRaNd gptetase drbilg bondad hedisclogues b S: RatRal 0. 2248029 lypprograted

triaryl phospBe, %Bché@tr@garaaﬁﬁbﬁoﬂaéyt\éﬁanaa%@aég%@%ﬁba@w Wand W are
the same or different and are OH, Ce WO

2011/ 039724ﬁ’ﬁialsyrﬁaé)é@éﬂﬁéﬂaasnﬁi?rdscarﬂoaapeﬁs.ﬁé dfder.rm.k/as haVthg a a&mfraerrﬁ).éw

consi dered as solvates, including water when the solvent 1s water; these

sol vat es carh%éeiraarpeﬂrvsrgrw%éﬁﬁﬂr'beﬁrwé PEene Hiep Furfdd . 187 @ndl 19oxs. 4610
fornula (XXhhy uos. A%&étio)w ‘No. 10(18Xleb), ddn of hlcHd hér)arn\’iﬁ&frﬁoréted%yr A ALY,

Y, T, n, n are d ned as above. The conpounds of formula (XX) may be
prepared |nr§erﬁﬂﬁ%er of ways well known to those skilled in the art. The
conpounds can be synthesized, for exanple, by application or adaptation of
the met hdds E&%‘rﬂt%@'ﬂgﬂiéjﬂwr%Psvarr ations thereon as 20appreciated by the
skilled artisan. The mal riate nodi fications and substitutions will be

readi |y appMa¥Rnsiaags BRUINKSH 1 elbPINYING BESAHH 4BINE PEOIANN9ISeRABi fi ¢

literature e bAREEU 9<Pb{e‘ﬁdNbr16 Y &821 . tThebd PE@IHK@?'g%upSSd#@ BoloBERESIncan be
found in R C. Larock, rehensi ve O%anr ¢ Transfornmations, WI ey-VCH

Publ i shers, Wf%@”dlk?e'ﬂ%a g5 SQlyARtACI 4P RSO IR AR PTMAE MR Y es whi ch

may be used abéntt kea 281 usrrar@ziﬁ? B awtaEﬁerﬁﬂaéryrmi@dnmrrg §loapd McrRbBAkicpnal
Application No. PCT/]B2007/0
15  bifunctional PEG linkers t at brnd to cytotoxic agents and cell binding agents at
opposite ends of the linkers through a functional sulfhydryl or disulfide group at one

end, and an active ester at the other end.

As a general example of the synthesis of a cytotoxic conjugate using a PEG linking
group, reference is again made to U.S. Patent No. 6,716,821 for specific details.

20  Synthesis begins with the reaction of one or more cytotoxic agents bearing a reactive
PEG moiety with a cell-binding agent, resulting in displacement of the terminal active
ester of each reactive PEG moiety by an amino acid residue of the cell binding agent,
such as the 2H11R35R74 antibody, to yield a cytotoxic conjugate comprising one or
more cytotoxic agents covalently bonded to a cell binding agent through a PEG inking

25  group. Itis also possible to use PEG linking groups which do not bind to cytotoxic

agents through a functional sulthydryl or disulfide group.

Thus comprised within the scope of the invention is the maytansinoid of formula (XII),
herein referred to as PEG4-NHAc-DM4:



Compounds of the present invention nmay be prepared by a variety of
synthetic routes. The reagents and starting materials are comrercially

avai | abl evoapiwsantl y synt hesi zed by wel | - known t echni qRES/IB3010/NEI42f
ordinary skill in the arts (see, for exanple, WO 00/12508, WO 00/12507, WO
2005/ 040170, WD 2005/ 085260, FR1516743, Mori et 30al., 1986,
Tetrahedron, 42: 3793-3806). WD 2011/039724PCT/ 1B2010/ 054422 64 The

conj ugate nol ecul es of the invention may be ggrned using any techniques.
The tomaymycin derivatives of the inventy bgjlinked to an anti body or
other cell binding agent via an acid |abile/Ti ) by 8 phgtol abile
linker. The derivatives can be condénsed/Wth a pepﬂide av?ﬁﬁj\giﬁitable
sequence and subsequently linked to & | 5binding agent to p ce a
pepti dase labile linker. The conjdgepki @n be prepared to contain a
primary hydroxyl group, which can ke a®ylated and then |inked to a cel

bi ndi ng agent to produc§ a %Hi’ug@t@ that can be cleaved by intracellul ar
esterases to |iberadbg (aki yeX Pnef erably, the derivatives are

synt hesi zed to Ebﬁtai| tecfed thiol group, and then one or
more disul fide or thi8l £ A

to the cell binding agept via a disulflidefbond or a thioether |ink.

Nurmer ous net hods of conjygaiN op~ar e +a% hé§'n USP 5, 416, 064 and USP
5,475,092. The tomaynycin derlvatgvesgcgn be nodified to yield a free am no
group and then linked to @H;aptibddy OH other cell binding agent via an
acid labile linker or a photolabile |linker. The tomaynycin derivatives with
a free am no or carboxyl group can be 15condensed with a peptide and
subsequently linked to a cell binding agent to produce a peptidase |abile

| i nker.10he tomaymnycin derivatives wi th aXil)ee hydroxyl group on the |inker
can be acylated and then linked to a cell binding agent to produce a

conj ugat e t Ao aoapribed vitkinvieimbgning of thedhvenlianr isdke eegtansinoid df fdyewkt e free
drug. Most t Gh .ivatives are treated to create a
free or pro égig%ﬁ$h¥g?ﬁ§fgﬁﬁﬁa%%%ﬁ%ﬂgﬂﬁQOthe di sul fide- or thiol

contai ning tomaynycin diners are linked to the cell binding agent via

di sul fide bonds. Preferably, nonoclonal antibody- or cell binding
agent-tomaymyci n derivative conjugates are those that are joined via a

di sul fide bond, as discussed above, that aragﬂgpéble of delivering
tomaynygin derivatives. Such cell bindi rgCegnjught es are@25prepared by
known net hods such as by nodifyingﬁgfnoclo 'Qedies”mﬁth u§cini i dyl
pyri dyl - di t hi opr opi onate (SPDP) ( sgh etal . 78, Bigg . .
723-737). The resulting thiopyridy 0 is then ¥ispl ac by 4 r eat
with thiolcontaining tomaynycin del\lv¥]tives to produce disulfide Iinke
conj ugat es. AIternative&y, éﬂ .heo ase of the aryldithio- tomaynycin
derivatives, the formatjon df3fthezcell bi nding 30conjugate is effected by
di rect displace@peto~ M oft he tomaynycin derivative by

sul fhydryl groups$ pre 51y i ntrodpced|irto anti body nol ecul es. Conj ugat es
containing 1 to 10 tonmayf drugs linked via a disulfide
bridge age readily prepared by met hod. WO

2011/ 039724PCT/ 1B2010/ 05%¢ s [AYs treated with the

t hi ol -contai ning tomaynyc H % 1.3 nol ar eq./dithiopyridyl group).
The rel ease of nitropyridinetRi fr8Fh the modified anti body is nonitored
spectrophotonetrically at 325 hmand is conplete in about 16 hours. The

ant i body-tomaymyci n derivative conjugate is purified and freed of unreacted
drug and (XIV)

Also comprised within the meaning of the invention is the maytansinoid of formula
25  (XXIV), herein referred to as SPDB-DM4:



50t her | ow nol ecul ar wei ght material by gel filtration through a colum of
Sephadex G 25 or Sephacryl S300. The nunber of tomaynycin derivative

noi et i es wound/g3en24ant i body nol ecul e can be determ ned IBPgTABALWNI4MAZL t he
ratio of the absorbance at 230 nmand 275 nm An average of 1-10 tomaynycin
derivative nol ecul es/anti body nol ecul e c&h be |inked via disulfide bonds by
this nethod. 10The effect of conjugation on binding affinity towards the
anti gen-expressing cells can be determ ned using the nmethods previously
described by Liu etal., 1996, Proc. Natl./Acad. Sci. U S. A, 93: 8618-8623.
Cytotoxicity of the tomaynycin derivativgs Snd their anti body conjugates to
cell lines can be neasured by backyex rapoléti n of cell proliferation
curves as described in Gbldnache; 1985, Innunol , 135: 3648- 15
3651. Cytotoxicity of these conp S ?o adherent | I'ines can be

determi ned by cl onogenjc assgysyas escribed in GBIdnacher etal., 1986, J.
Cell Biol., 102: 1312- 1319 00 15\\I-Anal ogues The cytot oxi c agent
used in $he cytotokie : i ng to the present invention 20may

al so be CC- 1065 or ge¢fl. CC-1065 is a potent anti-tunor
antibiotic isol ated « Proot h of Streptonyces zel ensis.

CC- 1065 is about 1000- pDIe potknt 4 n vitro than are commonly used
anti-cancer drugs, suchY&S doxOrTbi 1 @et hotrexate and vincristine (B. K
Bhuyan etal ., 1982, Cander Res,6 42%H 532-3537). CC- 1065 and its anal ogs
are 25disclosed in U S. Patenf Nos. 6, 372, 738, 6, 340,701, 5, 846, 545 and
5,585, 499. The cytotoxic potency of CC 1065 has been correlated with its
al kylating activity and its DNAXKIWdi ng or DNA-intercal ating activity.
These two activities reside in separate parts of the nolecule. Thus, the
al kyl at 1thg Adstoioo'ntpyisim;wtthinttt&i meéning of the iniecliapisdpa pmpaytaokiodiddd Fem(EP! )
subunit and act i i in the two pyrrol oi ndol e
subunits. QQF?hE%A gg% g%%%%é%ﬁ*@@?ractive features as a cytotoxic

agent, it has Iinitations in therapeutic use Adm ni stration of CC- 1065 to

m ce caused a del ayed hepatotoxicity | eadi to nortality on day 50 after a
singl e Hgtravenous dose of 12.5 pg/ ¢£§1ﬁﬁﬁ|-, 1986, J.

Anti biotics, XXI X 319-334). This hh spurred ef flort sl4go devel op anal ogs
that do not cause del ayed toxicit ne the synthesis of sinpler WO

2011/039724PCT/182010/054422 66 gs nodel ed on 00-1065 has been
described (M A \Warpehe |2 . 3« J. Med. Chem, 31: 590-603). In
anot her series of anal og} nol @ty was replaced by a

cycl opropal c] benz[ e] i ndol™e (D. L. Boger et al., 1990, J. Og.
Chem, 55: 5 5823-5833; L ~6Y ., 1991, BioOrg. Med. Chem Lett.
1: 115-120). These conpoundk Wmigzuaythe high in vitro potency of the
parental drug, wthout causing del ayed toxicity in mce. Like CC 1065,

t hese conpounds are al kyl ati ng agents R&%V bind to the m nor groove of DNA

in a coval ent manner to cause cell death. wever, clinical evaluation of
the nospspr NE‘oSc!oHﬁ!)ri@&?iivﬁﬂﬁ thd\HR28h§ ot fhe@r%nﬁi% %Qh@ﬁia?tan@rﬁérd'cﬁ%rm%% to
di sappointing results (B.F. Foster etal. 996, InvesStigational New Drugs,

13: 321- 326%XY)), hmlmrefetr%rit0681§§§8I‘diﬁArerDIVtﬂancer Res., 2: 1717-1723). These
drugs display poor therapeutic effects because of their hi gh system c
toxicity. The therapeutic efficacy of 00-1065 anal ogs can be greatly

i mproved by changing the in vivo distriBi /kh%mughngrgeted delivery to
the tumd? site, resulting in |oweN tgxicity #5tGlnon-1adlr geted tissues, and
thus, lower systemic toxicity. lop prder to achieve thi§ goal , conjugates of
analogs and derivatives of CC-lO ith cell-binding agents that
specifically target tunf A s9 veibeen described (US Patents; 5,475,092;
5, 585, 499; 5, 846, 545 j 8s typically display high
target-specific cytoto and exceptional anti-tunor activity
i n human tunor xenogr af e (RV. J.

(o]

40 (XXVI)



20Chari etal., 1995, Cancer Res., 55: 4079-4084). Recently, prodrugs of
00- 1065 anal ogs with enhanced solubility in agqueous nmedi um have been
descri bedwORoriaperna Patent Application No. 06290379. 4). PCH/IBIages4p20dr ugs,
t he phenolic group of the alkylating portion of the nolecule is protected
with a functionality that renders the dry stable upon storage in acidic
aqueous solution, 25and confers increased water solubility to the drug
conpared toaRd debﬂﬁfn@é@ﬁﬁtﬁiﬁ n@@ﬁqb@ﬂng Ehﬁe%ﬁéhﬁ@ﬁ is8e Qfa9té93|h§|drcﬁ?€9!n|ubé cl eaved
in vivo at physiological pHt ive the corresponding active drug. In the
prodrugs de§&ekYbeberem rEP”@GZ@@% Q“'A{'H@'\Mwenol ic substituent is protected
as a sulfonic acid containing phenyl carbamate which possesses a charge at
physi ol ogi cal pH, and thus has enhanced er s kgg%iury. In 30 order to
further enhance water solubility, an o on ene gl ycol spacer
can be introduced into the |inker\ befween the indolyl osubunit and the

cl eavabl e I'i nkage such as a di sal 1i group. The introduction of this
spacer does not alter the poten f the drug. WO
2011/032724PCT/182010/t5442 62 g&lJi binding agents such as antibodies, are
descri b&d in detai Lo KR °¢"°.A\(mhose content is incorporated hereln
by reference) and U S : W75, 092, 5, 846, 545, 5,585, 499,

6, 534, 660 and 6, 586, 618 pIication Nos. 10/116, 053 and

10/ 265, 452. 5Ot her Drug %% S oet hot r exat e, daunor ubi ci n,
doxor ubi cin, vincristine V|nb5asq;He nelphalan | ept onyci n derivatives,

m tonycin C, chloranbucil, carlcheaHIC|n t ubul ysi n and tubul ysin anal ogs,
duocarnyci n and duocarnycin anal ogs, dol astatin and dol astatin anal ogs such
as auristatins are also suitable for the preparation of 10conjugates of the
present invention. The drug nol ecul es can also be linked to the antibody
nol ecul es through an internedi a rrier nolecule such as serum al bum n.
Doxor ubi ci n and Daunor ubi ci n coﬁ%%ﬁ as described, for exanple, in US.
Pat ent No. 6,630,579, nmay al so be useful cytotoxi c agents. Therapeutic
Conposi tion 15The invention also relates to a therapeutic conposition for
the tregtme r fe I conpri ses
a ther a?)(seut ﬁhgl %aCﬂV%%%%E)}%OR a\ m)c{f%%ytgﬁs"% 3 Sggﬁ aé BN@ ?ﬁee I 1rjlt\el}}eﬁ\’g‘}ttlﬁtd]"rrf and a
pharnaceutleaMkWyammbpﬁahe@H¢9R35Rﬁ4enmbommeoamﬁodfqﬂd@msaodugﬂasmﬁ&mahlcal

COMpOS t | Cthe cyfto%xdtg o%l% ﬁu&}gp%gtcftﬁgt%ﬁg oiyg cg)ggjggg{é% évbé (Arkgd to)

the follown reas col on

ki dney, I|vbyHHumngbwg%mWahmancreas, st onach, cerV|x thyroid and ski n;

i ncl udi ng squanous cell carcinoma ; hematopoietic tunors of |ynphoid

| i neage, i nélnpreferrgd embkdiment otibairyehtjorpi @osonjugatecafkieid] 1RIAR @ antibody,

| ynphoblast i 1: r S

| ynph ombag; POH fﬁ%ﬁ?ﬂé |dc\%r§r87b)rhsero¥p&%?%r}ﬂ a\(f?h(gergér}' Qgﬁ aﬁgﬁgﬁgh{)t e and
chronic rryelati@t_éw_du@ve!aleMIyetm_sasi Zﬂﬂdﬁﬁﬁaﬁ‘ﬂ'@hwl €ai @ Bytetokisragant baimperwosehn
mesenchymal 0k lcdhie iaGEHERSY of IBEAXHO R HicneNARdATN BPRARGATRNORET
tunors, including nelanona, Sem nona, tratocarcti nona I*ast

gl i oma; tunprose pfefertesl eraadiméentathe qosjugpliver oflthenenayi@nsingig of eammulan(&I1L) de ti@
astrocytonmay ?&é&?ﬁﬁ Srhifd oﬂhb%{%n@[\ﬂnﬁ&ém@rﬁ'a%ﬁ% g&ﬁ?’%b%cﬂtfr\lﬂﬁéw yral
origin, inc u i ng rosa rha oscarama, and osteosarcona, and
ot her t 80ror sonjugate umangthnefuathemrefexr@d@dmomn@tghe may&amsinoldeaf orovuda @(rh‘t/horra,

)s/g{n to b d%{%ﬁ@ tblt \,\%@{k@%ﬂf”ﬂg@d@{(ﬁt@%@g@t%bggg%‘]dn%gﬂ1ﬂ%ﬁiﬁﬁnmgancers

preferred eEEﬁﬂ#MBH®M4mhmugﬁarnaceut|cal conpositions of the invention are
used for treatnment of cancer of the lung, breast, colon, prostate, Kkidney,
pancreas, ovhvs$:a preferied earp@dinanyisadrawn ¢o gaastibodydrug conjugate having a

2011/ 039724€gét31%20%919é%4&%@e @tﬁjcture of the formula (XV):



ost eosarcoma, synovi al carcinoma, a sarcoma, head and neck, a glionms,
gastric, liver or other carcinomas in which EphA2 is expressed. In

particul awp 20ti@3erAcer is a netastatic cancer. |n anot hecTariyoodiwe , said
pharmaceutical conposition relates to other disorders such as, for exanple,
aut oi mune di seases, such as systemc | uplis, 5rheumatoid arthr| tis, and
multiple sclerosis; graft rejections, such as renal transplant rejection,

| iver transplant rejection, |ung transpl ant rejection, cardiac transpl ant
rejection, and bone nmarrow transplant rejectjon; gyaft versus host disease;
viral infection§, such as nV infection, H=/Anfect]jon, AlDS, etc.;_and

parasite infectijons, such as giardiasis, anpoebi hi asils,Amnd
others as det er i ned by one of 100rd1' ayy skill in uhe arit . qt ant

i nvention provi¢les pharnmaceuti cal oSV {ions conprising: an e @dtive
amount of an anti body, anti body fP nt %r anti body conjugate of tjhe

present invention, and a phar mace icarly acceptable carrier, which may be
i nert orsphysi ol ogi cal slafs uged herein,

"pharmaceuti cal | y-agcentapNe el 2N xcl udes any and all sol vent|s,

di spersion nedi &, co0g ! anti bacf eri IHand antifungal agents, and the

| i ke that are physi olNQg 3. _Exanpl es of suitable carrjiers,

di l uents and/ or | exci pi ¢ Pnore of water, saline, ptjosphat e

buffered saline] dextrase $ |, andthelike, as wel I as
conbi nati on therfeof. i Nvillobe 20preferable to inclinde

i sotoni c agents, such as'!sugar s/opol yaHcohol s, or sodiumchloride in the
conposition. In particular, rel’evant exanpl es of suitable carrier include:
(1) Dul becco's phosphate buffered saline, pH - 7.4, containing or not
contai nithg about 1 ng/m to 25 nmg/mM humaXM3erum al bum n, (2) 0.9% saline
(0.9% W v sodiumchloride (NaCl)), and (3) 5% (w v) dextrose; and may al so
contai n an ahereixAd#Ewdn amibbdyasftBSﬁmrpptimmn &nh iat&gead:ﬂmrbrtsied@eawnﬂ such as

Tween 20. rein n f rther t|c
agent, as ngﬁ%gggr;&e{%nt%{?ﬁ gﬁgt r'g%gtt?eq\ﬁg% ?ge P)gi:'\%é”ﬁ rgaﬁreéfg eng?l? t &rabl Y,
t he anti bodgomaridaddmstiyedr agnaidt In@notoet flinthdypr(efmgadgmm@duﬁenthtbemnEMytof

i nvention, ntary

act vi i os, Haeiit oo 28 2RaRT 7 ahietty SEIRRMANRE \ornlRdfe S8 BOERET 2

enmbodi néht , cbﬂqegdteustdnéhﬂﬂﬂhfﬁ%e%@é NitfenDMédscoajugaiet agoni st of

fi broblast-growh factor (FGF), hepatocyte growmh factor (HGF), tissue

fact or (TF) Thps.@nether @eferrent embodBnemnliatmheatto caerainﬁmﬁygtrogvt:mjﬁ@ie baviPBGF) |

or TERZ T eCeRilire o s@nggé&f/tﬁ’é?ﬂ@c‘%up?%&}%%%ﬁu@ 2 69 the intended node of
adm ni stration an appli . al preferred conpositions

are in the formof injectable or infusible sol ut| ons. The preferred node of

adm nistration is parenteral (e.g. intravegnou i ntranuscul ar,

i ntraperinoneal —subcutaneous). In a pr ée m t he conpasi ti ons
Ius 6 by

of the inventiop are 5adm nistereq intyr Ab
conti nuggls infusion over a period ®f {ime. ayot her ef Thent
they are injected by intranuscular,| stgcut aneou i nt ra arti uI ar,
intrasynovial, [ntratunoral, per ral, intral eS| onal , or perilesi onal

routes, to exer Ioca@ as wegl @S systemc t her apeutic effects They [can be
al so adm ni stered by | i atidpr 1,0St erile conpositions for parentdral

admi ni stration AR '

25 —
(XVI)

wherein Ab is an antibody of the invention and n is an integer comprised between 1
and 15. Preferentially, n is comprised between 1 and 10. Even more preferentially, n is

comprised between 5 and 7. In another further preferred embodiment, the antibody of



anti body, antibody fragnent or anti body conjugate of the present invention
in the required anmount in the appropriate solvent, followed by
sterilizavoemimgorcrofiltrati on. As sol vent or vehicl epCrhB20a0/08¢220e used
wat er, saline, phosphate buffered saline, dextrose, glycerol, ethanol, and
the like, as well as a conbination there?d. In many 15cases, it wll be
preferable to include isotonic agents, such as sugars, polyal cohols, or
sodi um chl okiedRvdriioh I‘geths@mﬂ@ﬁsmmantm@%r § PURRAIZEH 083ioMaNer@bS nd tat ai n

adj uvants, in particular wettin i sotoni zi ng, emul sifying, dlsper5|ng and
stabili zi ng%@\é@ﬂtg is %?'éﬂi'?@@&n‘%%@ﬂtM%W‘? ePniygdi@nt eral admini stration may
al so be prepared in the formof sterile solid conpositions which may be

di ssol ved aget’ﬁé' PicRiend schpsees far @ROQHGF'F@S\MI%F'bei’y'm@ytaﬂ%f"ﬁéP”JiUﬁf“@étaéﬁbI e

sterile rredbwmdeah@u@merﬁwe@sgmb%ms reglicfibeRbs. dds7kysat i on of the
treatnment and dministration used: they are general |y between

5 ng and® 106@’1%65&@”@1&9/0?61299@%6@Wh{ﬁf‘t'%'”ﬁﬂrp?raé% eindngf RBiITEMom 1 ng to
250 nmg of active substance. general, the doctor will determ ne the
appropri at e%@%‘ﬁ'@@%é‘ﬁ@\‘ﬁ:ﬂ'%@er&%a't W@ %Qﬁgatﬁﬁ%lb@tﬂbta&?ﬂﬁ BhY PECREY factors
speci fic tocbRprisitPiRGtedsofbe treated. Therapeutic nethods of use In

anot her enbodi nent, the present invention provides a nethod for inhibiting
t he EphA2 r@p@rm{gn{g |ﬁﬁiddhtatc]z'aﬁ%pmmb§ﬁ&éd BEuetus BIUtIBN BV anantbldd A itRGONI zes
sai d EphA2 receptor atient in need thereof. Any of the type of

anti bodi es, S%HF’b@va?WQQﬂgﬂgs 30or cytotoxic conjugates of the invention,
may be erapeutically. The invention thus includes the se of

ant agon;‘f@ '&I) d -@Bﬂﬁé'yéﬁ pleg e copjuggivemitich VAR [EBRd o) TEqm Boxi ¢

conj ugat es theueRl resgorRIbmPaRMdEredats Rhigh BlgTicasteesiraminaRolution.he

ant agoni stic anti-EphA2 antibody is the 2H11R35R74 anti body or a humani zed

vatr) [ Snt t Pel\mf s%edéﬁ@a@ﬁb]do?ﬁiaﬁ Bﬂmmiltﬁag)éwé@%é%uﬁé} rhdy 1ge mb@tﬁeﬂéc: @&fh af .
e odl nen anti podi e anti ra 0X|C conj.ugates o e
ot o AP Eaas G MBS RO e i, Sl bRl s o o BisiRer i n o

manmmal . In ahgaéee;ltupm ﬁf)&urgaﬁn%bﬁl@hd\i;\fhﬁwtbg édﬁiﬁloﬂfofbh@ssla&frﬁﬁg(sguh aeal ] d
coO 0OSI ons | SCI QSe abo | C cont ns an .antl bo anti [0)
D O B B (R itk e gT oG g R Aonf Goth 8aaY hers B¢ pErtioh

treat ment obyaebiipstiopr ol i ferative disorder in a manmal. It is also an
enbodi nent of the invention that the antibodies, antibody fragnents, and
cyt ot oxic cmbm@ép@st offthé bméwmﬁérﬂmo@;&i@. ti@é mzlaem&m?ct @ntitﬁakyeo@a medi canent
to treat said h rollferat ve di,sorder dlnent
the. dr cor dePUPENESL GHP 1H4ract kAo apbest AL ELHBERSS Lo iaPte AT Bancer
The anti bodicgstoxarigehtchosddbemgarnt s, and cyt ot oxi ¢ conjugates of the
invention can also be used to treat the neovascul arization of said cancer
t unor. 2gcotid saghpount béfophalart®er)yt i cal conpositions of the invention are
useful in the treatnment or prevention of a variety of cancers, including
(but not limted to) the follow ng: carcingma, iggcluding that of the
bl adder, breast, colon, kidney, liver, | \2$#?ry pancreas st omach,
cervix, thyroid and skin; includingﬂsqua us C enpyopoi etic
[

tumors of |ynphoid |ineage, includi eukem a, acdite nphoc iflc | eukem a,
acute |ynphobl astic |eukem a, B-gel gphona, T-cell |ynmphona,OBurkitt's

25

(XVI1)

30  wherein Y is N-succinimidyloxy, N-sulfosuccinimidyloxy, N-phthalimidyloxy, N-



| ynphonma ; henat opoi etic tunors of nyeloid |ineage, including acute and
chroni ¢ nyel ogenous | eukem as and pronyel ocytic | eukem a; tunors of
mesenchyrsiD 201139124 20i ncl udi ng fi brosarcona and r habdomrgedBamees22 ot her
tunmors, including nelanoma, senm nomg, tetratocarci nona, neurobl astoma and
glioma; tunors of the central and perlphﬁial nervous system including
astrocytoma, neuroblastoma, glioma, and schwannomas; tunors of mesenchynal

origin, i nc%uﬂadmaﬁ.mhfyib&grzzﬁ.%phémﬁglwm%ﬁé@my, AR ARAADRRTR; and
ot her tunors, includin anoma, 25Xer oder ma pi grent osum

ker at oact ansWiw- 4'§§ng@wépxyt Wa@pwﬂmltrqp@@nﬁ@xyc Hnidazold el hadqagn éir:caNfonm,
and ot her cancers yet to be determ ned in which EphA is expressed

pr edomi nant fRe composing obfospriedX¥Hodi ment, the cancer is a cancer of the

| ung, breast, colon, prostate, kidney, pancreas, uterus, ovary, cervix and
Iynphatic organs, osteosarcoma, synovial carcinoma, a sarcoma, head and

neck, %Ilona gastric, liver 30or other carcinomas in which EphAis
expresse I n anot her enbodi nent, said i conposition rel ates
to other disorders such as, for exanple, sease such, as
system c lupus, rheumatoid arthri\is, [ C QPOSVETO [ Y
rejections, such as renal transpl ej ecti om\Iiver Hranspl ant rkjection,

| ung transplant rejection, car tr&spl ant ré&ection, and bone rrow
transpl ant 35rejection; graft v host di sease; viral infections, such
as nV infection, H V{ on9 oo, 4011/ 039724PCT/ 1B2010/ 054422 71 Al DS,
etc.; and parasitoe_i ass gi ardi asi s, anoebi asi s,

schi stosom' asis, a ipped by one of ordi nary skill in the
art. E@Iarly, th i o\ provi des a method for inhibiting the
growt h selected c $ co rising contacting target cells, or
ti ssue containing tar S ef fective anobunt of an anti body,
anti body fragnent or a t| body E:onj ggate of the present invention, or an
anti body, antibody fragnent orCa tRErapeutic agent conprising a cytotoxic
conjugate, either alone or in conbination wth other cytotoxic or

t herapeutic agents. The nethod for inhi b| ﬂ t he growt h of selected cell
popul at i ons can be practiced in 10 Vi t ro Vi vo, ex vivo. As used
herein, "in r decr easi ng
cell viabil Wthgfeﬁiggssﬁnsg% Hm@ﬁ&{} ﬂﬁél%gllnfn%ylgg?% £ht%l nﬂfjﬁgx le nduci ng
cell deddh, suthtt@th@rxy,aZ elftropherrytoxyo%gitrpehertybbxw2 mdrrmtrorfE)eaWpX}e§ of in

vitro uses LARER hBALITRDY > Bl 2L AARNSIARe FRELAN B1efochaudrel

transplant in he s ient 1n I Sease mal 1 gnant

cel I's; 11 ealeaLs Aaqh . a0 TGO focs0 v SnLhA05R) A AL AR o T der 0

kill conpetent and preve t-versus-hos

treatnments eﬁh&réd)l’rnlmj()f\ﬂk)@s(X\H”bls@ellentlmEkaleeél | cells except for desi r ed
variants that do not express the target antigen; or to kill variants that
express undébe neanbanefimeyiansinoid mofpigales badid peyrantibedyoalectle hideug-torn vitro

Use aresh eagHi%dg%tﬁf’ '& %ﬂ?’l?%aﬁ)ﬂg d@ferrﬂrngh @Bééfro?)hbﬂolnetrically by measuring the

ratio of the absorbance at 252 nm and 280 nm of a solution of the substantially purified

conjugate (that is after step (ii)). In particular, said DAR can be determined
spectrophotometrically using the measured extinction coefficients at respectively 280
and 252 nm for the antibody: easg0 = 224,000 M cm™ and gas, = 82,880 M'ocm™;

25 assuming an average 160,000 molecular weight for the antibody, and for the
maytansinoid, epygo = 5,180 M'ecm™ and gpys, = 26,159 M'cm™). The method of
calculation is derived from Antony S. Dimitrov (ed), LLC, 2009, Therapeutic Antibodies

and Protocols, vol 525, 445, Springer Science and is described in more details below:

The absorbances for the conjugate at 252 nm (A,s,) and at 280 nm (Asg) are measured
30  either on the monomeric peak of the SEC analysis (allowing to calculate the

‘DAR(SEC)” parameter) or using a classic spectrophotometer apparatus (allowing to



20in the art. Exanples of clinical ex vivo use are to renove tunor cells or
| ynphoid cells frombone marrow prior to autol ogous transplantation in
cancer trweREABITAH in treatment of autoi mmune di sease, POI/IBW10/eFwe T
cells and other |ynphoid cells from autol ogous or allogeneic bone marrow or
tissue prior to transplant in order to pPevent graft versus 25host disease
(GVHD). Treatnent can be carried out as follows. Bone marrow i s harvested
from the paghgibtedhe %RI@{}U\!)‘“H&‘N&%@}. BOatBRANCEE 8Ab 6k Irbs 38 SsYows;
containing serumto which i's added the cytotoxic agent of the invention.
Concentrations r e Q to 1 pM for about 30 mnutes to
about 48 hours a?&gb()(g%?%ef%? Ef%e)(]%%@(\:/!t conditions of concentration and tine
of incubation, i.e., the dose, are readily 30determ ned by one of ordinary
skill in the art Asaft(er X molubatiohdhe bone marrow cells are washed with
medi um cont ai ning serum and returned to the patient by i.v. infusion
according tqupkpgywn nethods. In circunstances where the patient receives

ot her treatment such as a course of ablative chenotherapy or total-body
irradiation between the time of harvest of the marrow and reinfusion of the
treated el Fsand pearerasRestvamineciancentyations indke yolueoTof fEp repieosindid 2nd f cel | s
are stored fHeerrﬁiBonW | iquid nitrogen using standard nedi cal equi pnent. For
clinical in vivo use, the antibody, the epitope-binding antibody fragnent,
or the cytotoxic conjugate of the invention will be su?PIied as sol utions
that are teSwe@nderscarerqsPpetvelrine molarextingtioncaciieiorls f thexamyiarsinad at

sui tabl e protoaRl $Hd%50Gyh Ot oxi ¢ conjugate S5adm nistration are as follows.
Conj ugates are given weekly for 4 weeks as an i.v. bolus each week. Bol us
doses are given in 50 to 100 m of normal saline to which 5 to 10 nl of
human ser uneablenfEnsGsmrasecetyalydhe mows gelinalipn cogfticiams phtheaniibedymaj 28ér

adm ni sgg at b%no‘é%-nn@.r ange of 100 ng to 1 ny/kg per day). Mirre preferably,
dosages will range from50 pg to 30 ny. Most preferably, dosages will range
from1l ng to 20 ng. 10After four weeks of treatnment, the patient can

conti nue t oRegeleiianeoftthesst tverpauatirng Wibdrpynkaawns leggrleithe follewingieggptions:
protocols with regard to route of adm nistration, excipients, diluents,

dosages, tines, gtc, 3 bs_ ¥ Rl .hed one of j skill in the art
as the clinical s'% t l!l(g/%zlgoon W r?%%?smggfa[gr%ét i A(\:ZSO?S%%%%%?{O%O& es or anti body
fragments of the invention can al so be used to detect EphA2 in a biol ogical

sanple in vitro 6« =iAwsort (fo X ebmo)bhrazsenbodi ment, the anti-EphA2 anti bodi es of
the invention are used to determne the |Ievel of EphA2 in a tissue or in

cel |s derivefy fa(/é’rlglﬂ& PAR s $fdHcaldulat Ogér%ftﬁé Fa?ig o?ﬂtéo&#hgﬁgrﬁjoenﬁrﬁﬁoﬂostﬁél%f! S a

di seased tissue. a preferred e Iment of the ne e tissue is a
tunor offda Bleodpod0t hereof. In a preferred enbodi nent of the nethod, a
tissue or a biopsy thereof is first excised froma patient, and the |evels
of EphA2 in the pagsig, pg, biopsy can then be determined in an inmmnoassay
with the anti bodies or antibody fragnents of the invention. The tissue or
bi opsy thereof can be frozen or fixed. The sanme nethod can be used to

det er mi ne ot' AR AVpRBP AR Beagred Wih pahasPrgsirgPemetes (RARKEY)I it ar@vel of
tyrosine 25phgienBay ¥bdvel £horé BhiticoiHAy BERebSYeIng 1006verahbre @iitidure@l | zat i on.

between 4 and 7, even more particularly between 5.5 and 8 and even more particularly
20 between 59and 7.5

In yet a further preferred embodiment, the invention comprises a conjugate of the
2H11R35R74 antibody, or of a humanized version thereof, and a compound of either
formula (XVII) or (XVIII), wherein the DAR is comprised between 4 and 7 maytansinoid
molecules/antibody molecule, said DAR being determined by measuring

25  spectrophotometrically the ratio of the absorbance at 252 nm and 280 nm of a solution

of the substantially purified conjugate.

The conjugates obtainable by the above-process are comprised within the scope of this



The above-descri bed nethod can be used to diagnose a cancer in a subject
known to or suspected to have a cancer, wherein the |evel of EphA2 neasured
in said paDizentosdpr4conpared with that of a normal refer@0TaBHULPHA22 OrF
standard. Said nethod can then be used to determ ne whether a tunor
expresses EphA2, which may suggest that %he 30tunor will respond well to
treatment with the antibodies, antibody fragments or antibody conjugates of

the present jdvBNEM. irpé‘{)ar?&ﬂfareés%ékb’ sudth@o s Have @ SRBERS cifseh MRtWddng.
breast, colon, prosta dne ancreas, uterus, ovary, cervix and

| yrrphatl c ofcg&w (Y3 ead fasry |)s‘9’h©r\¢irh4\b tsaancaniibady ofdhe iventan, and gl i on,

gastric, i \%breuhﬁ?sdccﬁrﬁ]cﬂlseé%létm%renqté]\%lﬁ(P"IH 59&9&?&1 efbddineRt FRNAZndrie
expressed and ot her cancers yet to be 011/ 039724PCT/ 1B2010/ 054422 73

det er mi ned Pﬁt"‘(ﬁﬁf‘éfﬁ@ﬁh#@a”@h@%ﬁﬁ@%één}?ﬁ%w ifaist qopjugries heve danstruchent i on
further growi@eaybexyvionocl onal antibodies, humani zed antibodies and
epi t ope-bi nding fragnents thereof that are further |abeled for use in

research or C@h%@ﬂfé%&fof SniftRRBles Githi RAFandinbid8RGE Ch© He BUNQSL IR ieir ARy kabel i's
a radi ol abel a fluorophore, a chronmophore, an ipmaging agent or a netal

ion. A met h§dPRB$S WPH@W@@P §f yagioyp é'BWBWSQlCG'eEFqSH” WieeRorsapapieasell nes

anti bodi es gficre Fh@%ﬂia’ﬂ@pﬂﬁr%é@gsmo‘iné R R9B1 ah& hathah Bhll %él@@n{;‘éaﬁcer
subj ect suspected of having a cancer, and the distribution of the [|abel

wi thin the E@HW‘eo?W?h@eiwﬂ]a@&reﬁ% UfRerdine SHKBES anskine Suedi's vowrhemeite!l fpesent

inventi gm ak\%ﬁa‘l%béﬂ@%ulybé%se&fcﬂthe SR hSHt Y cPpoBRRRY bRBESLCHrAIARMUS.
conj ugate and |nstruct| ohns for the use of the cytotoxic conj gg]ate for

ki 11ing of &% iochA aeluaied canbrexpospdiq tﬁgppm@wraﬂ&sforn%h@%en eRUNGERY ons

for using thgctonk QF @éﬂls%@é%'&ké&ﬂﬁtdﬁ'éct'd%sé(ysttﬁp«nom HEHOJLICE¥alby Ban then be
15Typically, the kit will have a conpartment containing the cytotoxic

conj ugat e.  FAulaipddionking regnis X ecassays-be in a | yophilized form liquid
form or other form anendable to being included in a kit. The kit may al so
contai n addi'PMEKAVCRIBMEVES needed to practice the nethod described on the
|nstruct|on%_B|nth kit, such a sterilized solutjon for reconstjtutjng a

| yophi | 12ed %M@FOX'%&TSPWF@HQF“%@’@%?@ IPVEIULIEY RISAPE ioﬁ“aﬁ/Wé(C'Q@@W%t"Sm c

conj ugat e prrbmraKﬁmpc.adahxvut.sé@éﬂertg/rrb@[mmaﬁicﬁmzepa@@l(mwé)Sa kR@Wwn alags b
adm ni sterin e con ul%at e.to tient Theﬁgr es i nvent| on.al so

relates to & B?H'ridél 9%&9'9‘89'8?@%@5{5‘?91%\1 alen b'adnsa&% iVgCmat er i al

b) an anti b@dét’m@é ineRé i -ghbav@i I ONA. mnhcmchwéa%b@rrofamﬁ@rr@ru@\ﬁi@nd@@d 25¢)
a | abel or %kage hnsert cont ai ned wi Eﬁ(lt:)% sai d packagi ng materi al
i ndi cting tﬁ%‘f YA CRo BSCBRMYSIN Y Adi ng fragrrent t hereof is

g](‘)fcgcr:”t Iué(gt i riqv%I][ gg%ﬁ@nggj@%cer%e%ﬁg\g%am hig cg{%toijiy art %grlm 8e eﬁectl(\:/gz)lgJ ugat es
linked to cell binding agents are described in the International Application No.
PCT/IB2007/000142, whose content is herein incorporated by reference. The cell
binding agent-tomaymycin derivative complexes permit the full measure of the
cytotoxic action of the tomaymycin derivatives to be applied in a targeted fashion
25 against unwanted cells only, therefore avoiding side effects due to damage to non-

targeted healthy cells.

The cytotoxic agent according to the present invention comprises one or more
tomaymycin derivatives, linked to a cell binding agent, such as the 2H11R35R74
antibody, via a linking group. The linking group is part of a chemical moiety that is
30 covalently bound to a tomaymycin derivative through conventional methods. In a
preferred embodiment, the chemical moiety can be covalently bound to the

tomaymycin derivative via a disulfide bond.

The tomaymycin derivatives useful in the present invention have the formula (XX)

shown below:



General synthetic schenes WO 2011/ 039724PCT/ 1B2010/ 054422 75 Exanple 1
b: hu2H11R35R74- PEXA- Mal - DVA 20Met hod A: Hi gh Pressure Liquid

Chr omat ogvephi1/039Mss Spectronetry (LOMS) Spectra have pegnBuho/esszd on a
Waters UPLC-SQD systemin positive and/or negative el ectrospray node
(ES+/-). Chronatographic conditions are %he follow ng: colum: ACQU TY BEH
018, 1,7 pm- 2,1x30 mm; solvents: A: H20 (0,1%formc acid) WO

2011/ 039724PCT/ 1B2010/ 054422 76 B: CH3CN (0,1% form c acid) ; columm
tenperature: 45C ; flowrate: 0,6 mM/mn ; gradient (Zpmn)yfrom5 to 50%
of Bin1min; 1,3 mnWMo00%Wof B, 1,45 nin: 100% of B: 1,75 min: 5% of B.
5Met hod B: High Pressdre bi-gui d Chr oneXdgraphp'-X MVass\ S

Spectra have be%I objatfed o MEErs ZQ systemii

negative el ectr Chr omat ogr aphi ¢ t he
foll owing: col unms 3 3x50 mMm ;vy's : (ORI %
formc acid) B: CH3CN (0, T mc acid ; colum tenperatjure: 70C ; flow

rate: 0,9 m/mn ; gradient!(7 mn): from5 10to 100 % ofOB in 5,3 mn ;
55 mn: 100 %of B; 6,3 n: 5 %of B. Method C deql vcosvl ati on and Hi gh
Resol uti on Mass Spectronetry of inmmunoconiugate (HRVS) Deglycosylation is
a technique of enzymatic digestion by neans of glycosidase. The 15

degl ycosyl ation is made from 500 pl ©dX)conjugated + 100 pl of Tris buffer
HCI 50 nM + 10 pl of glycanase-F enzyne (100 units of freeze-dried enzyne/
100 pl of wathergin The nmediumis vortexed and mai ntai ned one night at 37C.
The degl ycosyl ated sanple is then ready to be anal yzed in HRVS. Mass
spectra wer e--obp@saetd anpionstiage Endopf - 2 systemin el ectrospray positive
node (ES+). Chromatographic conditions are the 20 follow ng: colum: 4 pm

Bi oSui t ¢, 250-1RH SEC 4, 6x300 nmm ters) | vents: A: amonium formate 25
nmv +1% ?%r m c acirﬁpreﬁdtﬁéﬁa;s"lgge}lﬁ?ﬂf{?%@gﬁ t&?r@:’ 30C, flowrate 0,4
m/mn ; isocratic elution 70% A + 30% B (15 mn). Method D: Anal yti cal

Si ze Excl uspmvidednidatathegr aptty résesants Sdlertuind TOlkae U’ GBO 88mE\dKHiffemt,col um,

PRI W I e e VIR R M NI N M
Condi ti ons: selsoed &bhcthelgudupatonaiktityy & O/ an ethécsucB@srORU bR 8ster (e.g. an
acetate), such as -OCOR, a carbonate such as -OCOOR, a carbamate such as —

15  OCONRR’, a cyclic carbamate, such that N10 and C11 are a part of the cycle, a urea
such as -NRCONRR’, a thiocarbamate such as -OCSNHR, a cyclic thiocarbamate
such that N10 and C11 are a part of the cycle, -SH, a sulfide such as -SR, a sulfoxide
such as -SOR, a sulfone such as -SOOR, a sulfonate such as —SO3 -, a sulfonamide
such as -NRSOOR, an amine such as —NRR’, optionally cyclic amine such that N10

20 and C11 are a part of the cycle, a hydroxylamine derivative such as -NROR’, an amide
such as -NRCOR, an azido such as —N3, a cyano, a halo, a trialkyl or
triarylphosphonium, an aminoacid-derived group; Preferably W and W’ are the same or
different and are OH, OMe, OEt, NHCONH,, SMe;

and when — represents a double bond, U and U’ are absent and W and W’

25  represent H;

* R1, R2, R1’, R2' are the same or different and independently chosen from Halide or
Alkyl optionally substituted by one or more Hal, CN, NRR’, CF3, OR, Aryl, Het, S(O)(R,
or R1 and R2 and R1" and R2’ form together a double bond containing group =B and

=B’ respectively.

30 Preferably, R1 and R2 and R1" and R2’ form together a double bond containing group



WO 2011/ 039724PCT/ 1B2010/ 054422 77 Method E : mass spectronetry (MV5)
Spectra have been obtai ned through chem cal ionisation (reactant gas :
anmoni ac)Wonoa/MWRERS GCTof system (direct introducti onPRIrIBZNG/03482 5

Met hod F : High Pressure Liquid Chromat (&%{aphy - Mass Spectronetry (LCVB)
Spectra have been obtained on a Waters C-SQD systemin positive and/or
negative el ectrospray node (ESt/-). Chromatographic conditions are the
follow ng : -gQ)dMR’ regﬁ@g\%‘w BEH 018 1,7 pm- 2,1x50 nm; solvents : A:
H20 (0,1%formc acid) B : 'CH3CN (0,1% form c acid) ; col um tenperature :

50C ; flow tatpgp Jaré”iﬂe@a%eor%r&ﬂ'aﬁﬂtm eHE!Iéi'DtchhMéNﬂcﬁn hﬂ(eﬁﬂq@eﬂfg Bin 0.8
mn;12mn:100%of B; 0% of B: 95

Nbbr eVl At i RBICTRDORHOSTIE) Y AR IE e HALRN, NCR EF2} R Kb BAELGHONR or B

part| cul arl yng B1rdpfisehian 88 en at Drug Antibody Ratio ; DBU

1, 8-di azabi cycl o[ 5. 4. 0] undec-7-ene ; DCC. N, N - 15di cycl ohexyl carbodii m de
; DCM ctschbeéf@r@gtyhgag DEAD: di et hyl azodi car boxyl ate ; DI C
N, N -di i sopropyl carbodiimde ; D PEA: N, N-diisopropylethylam ne ; DVA

di met hyl acetnmné grfsrablysp4=dHyR: BgHaoHnopyri di ne ; DMVE: di et hoxyet hane ;
DVF: di net hyl formam de ; DMSO di net hyl sul foxyde ; E: nolar extinction

coefficient.x, E@@th@s@ﬁéawﬁ&eﬂtMuﬁ@wd@@eytkr&}oae.drrbmdfr@mmnﬁmbl ne ; EDCl:

N- ( 3-di et hyl.am nopr op 20et hyl car bodi i m de ; EDTA:
et hyl ene-di aty nb'%f $ é tSil\b)qam d ; Fnoc: fluorenyl nmet hoxycarbonyl ; Hal:

hal ogen atorlp " Hgﬁt % hydr oxybenzotri azol e ; HEPES:
4-( 2- hydroxyé‘?ﬁ@? X=%i per azi ne- et hanesul fonic acid ; NHS: N-

hydr oxy i so-propyl alcool ; NWP: N nethylpyrrolidinone
: : i(ltjje °6‘T‘1p ed?B'V X%PO reduced pressure ;: RT: roomtenperature ; SEC

Si ze Excl 25Chr ot t 1. TEA:

Cr ot iyl am A& & FBAS T PLOTORELETEacrn oo ARott FPAAIBN SEALEMY anhyar i de
: ;I;_FF: Tanglebb’lll(ﬁiallﬂzl_@vct:elﬁl_lr_lﬁtdnaili(ygdéh, a nTﬂ'ngent(ﬁtarﬁllﬁyldaitOTUGMﬁbemgr d);FfthnaIIy

t hi sopr opyl si in i Me.

Bt fers consirabedgned B marerish el RN BROMGIT AT B Al A 2
WO 2011/ 039 z%PCT@lEg&lO/ 054422 78 Parameters for Ab and L-DW
concentrati 8§‘Ib {] ifons (reference for the nmethod of cal cul ation:

coot 1 oi et MPBPeRTSRE RIS, 350636 4Y 98B * sbss0 ar 5253nM and L DV
(5180 at 28000y 2510 AL il AR RYEYCATY AREEAAEMIGAHR0 ol ecul ar

wei ght for thé antibo
Preferably, Y=Y".

More preferably, Y=Y’=0Alkyl, more preferably OMethyl.

* Tis -NR-, -O-, -S(O),., or a 4 to 10-membered aryl, cycloalkyl, heterocyclic or

20  heteroaryl, each being optionally substituted by one or more Hal, CN, NRR’, CF3, R,
OR, S(O)qR, and/or linker(s), or a branched Alkyl, optionally substituted by one or more
Hal, CN, NRR’, CF3, OR, S(O)4R and/or linker(s), or a linear Alkyl substituted by one or
more Hal, CN, NRR’, CF3, OR, S(O)(R and/or linker(s).

Preferably, T is a 4 to 10-membered aryl or heteroaryl, more preferably phenyl or

25  pyridyl, optionally substituted by one or more linker(s).

Said linker comprises a linking group. Suitable linking groups are well known in the art
and include thiol, sulfide, disulfide groups, thioether groups, acid labile groups,
photolabile groups, peptidase labile groups and esterase labile groups. Preferred are

disulfide groups and thioether groups.

30  When the linking group is a thiol-, sulfide (or so-called thioether —S-) or disulfide (-S-S-)



Exanpl e la: 10la.1. Preparation of conjugate |inked with PEG-acetam do:
hu2H11R35R74- PEG4- NHAc- D\vA4 20 Under magnetic stirring, at room

t enper at Wwe,2001/a3972¢f hu2H11R35R74 (14.36 ng/m in buffePCRIBan@oddied, t hen
16.85 m of buffer A, 3.23 m of HEPES 1M 1.59 ml of DVA, followed by 1.64
m of a 10mM DVA sol ution of L-DMA- AcNH®EG4- CONHS activated ester. After 1
hours 30 m nutes at roomtenperature, an extra 0.085 m of 10nM DVA

25sol uti on %on@%g@%?‘%@%%&%‘i%rg%itt«{@&ﬁ‘&, B8 5Eifidé or @SGREk gBLp 8hn be hours
45 WD 2011/ 039724PCT/ 1B2010/ 054422 79 m nutes at room tenperature, the

crude conj ufiararon brasademmareMafic aitheterogyclic- 6nerf ogtinaqgskil i theartnea rpadivt i ed

by TFF on PgldhtigQQitshi€ aveehhing. The sanple is diafiltered against - 10
sanpl e volunmes of HGS buffer and then collected. The TFF tank and lines are

washed W t hpadfe@plyl gaid Gnidr jOdf ibldripuf fer. The two sol utions are m xed,
filter- 5sterilized through 0.22 prn PVDF, concentrated on Am con 15 and

filter-sgerilized throggh@®pd2zprn PVDF. 17 m of

hu2H11R35R74- PEGA- NHAC- I mmunoconjugate (¢ = 5.76 ng/nm) was thus
obt ai ned. Th@etgmunoconjugate is then analyzed for final drug |oad and
nononeric purity. SEC anal ysis (nethod D): DAR (SEC) = 5.4; RT =

16. 757, non@ehigingdibi ddube Bshdd2I08IRMENRE a (nethod C): see fig.2 la. 2.
Preparation of L-DW- AcNH PE&GA- CONHS activated ester: 20Under magnetic

sti Irri ng, ?D is Q@M IR GH-B-eE-NR4 -B-NRIFQELEIQ-DMHOaF-2-H-NRFEOQUCBNR-CCRF G| ass
vial. A so

342 (211 202 K 5B R BB i 56y BBy BN RS RSBt hoxy] - pr opi oni ¢

SR TR TR M TR

medi um i s dbtdnicRed WAGHZCHZ )iAky(BTPEICHIE, WarhEICHECH2)ZARY-ofO@HRER2)-The

aqueous (OCH2CH2)iCycloalkyl(OCH2CH2)j-, -(OCH2CH2)iHeterocyclic(OCH2CH2))-, -
(OCH2CH2)iAryl(OCH2CH2)i-, -(OCH2CH2)iHeteroaryl(OCH2CH2)-, —Alkyl-
(OCH2CH2)iAlkyl[(OCH2CH2)j-, -Alkyl-(OCH2CH2)i-, -Alkyl-

15 (OCH2CH2)iCycloalkyl(OCH2CH2)i-, -Alkyl(OCH2CH2)iHeterocyclic(OCH2CH2))-, -
Alkyl-(OCH2CH2)iAryl(OCH2CH2)j-, -Alkyl(OCH2CH2)iHeteroaryl(OCH2CH2)j-, -
Cycloalkyl-Alkyl-, -Alkyl-Cycloalkyl-, -Heterocyclic-Alkyl-, -Alkyl-Heterocyclic-, -Alkyl-

Aryl-, -Aryl-Alkyl-, -Alkyl-Heteroaryl- , -Heteroaryl-Alkyl-;

where i and j, identical or different are integers and independently chosen from 0, 1 to
20  2000;

Z is linear or branched -Alkyl-;
pis0or1;

Z’ represents H, a thiol protecting group such as COR, R20 or SR20, wherein R20
represents H, methyl, Alkyl, optionally substituted Cycloalkyl, aryl, heteroaryl or

25  heterocyclic, provided that when Z’ is H, said compound is in equilibrium with the
corresponding compound formed by intramolecular cyclisation resulting from addition

of the thiol group —SH on the imine bond —NH= of one of the PBD moieties.
* n, n’, equal or different are 0 or 1.
»qis0,1o0r2.

30 =R, R’are equal or different and independently chosen from H, Alkyl, Aryl, each being
optionally substituted by Hal, CN, NRR’, CF3, R, OR, S(O)qR, Aryl, Het;



25phase is extracted with 5 m of AcOEt. The conbi ned organi c phases are
dried over magnesi um sul phate, concentrated to dryness under reduced
pressur e. w2813k pal e yel |l ow vi scous oil are obtai ne®CTHR2abroF2zAuct i s
diluted with a m ni rum anount of DVA and@lfurl fied by flash-chromatography
on 30g of Cl8-grafted silica gel (gradié€

2011/ 039724PCT/ 1B2010/ 054422 80 el uti on water: acetonitri le 95:5 to 5:95 by
volune) . Af B?fheﬁ%ﬂﬁ%deﬁﬁéa‘ﬂga@éeﬂtétﬁé’&él%nﬁyd}at%Qdor%nyb@@d'sd’ll%d&ctﬁepreSSUfe a
col ourl ess viscous oil is obtained, which product diluted wth a mni mum
amount of DRRlyEREPhsLeYstalige Biudturgs B bR AeMRRHNGEIP) their ligal SOMEIS- gr af t ed

silica gel (fHeadi@NtiRler&dnidrs @PeNBiiBmeRCEtONitrile 95:5 to 5:95 by vol une).
After 5concentration of fractions 33 to 35 under reduce pressure, 41 ng of

L- DMA- AcNH TREGEMEEINAS Aeid yetepd i@aiu g)@@%aﬂt%é@b&ﬁgtnbél én'ﬂ%tér@él%rﬁérsahré\h' te
mer i ngue | i ke product, the characteristics of which are as | ows: Mass
spect r a: 9 neglsed mrt @é*ﬁ%ﬁ‘t’?@ﬁ’”tl me (min) = 4,06 10[ MrH- H20] + rr| |z 1164;
[ MEH] +: rrilz 1182; E) Ilég rrilz 1226 NVR anal ysis 1H (500 MHz, 6 in
bom | ohl or o788 N1, (C-01 doutie bow) g tomeymgoin Servatiugs oifomiip DOOHS kpown o (o 1
H; 1,29 (dreabﬁ@cgn\)éltlbl(ﬁm@revérsi%@ tBhnek té"borrésp@ﬁdlﬁgiml%e%adﬁ’ctm thd H); 1,64
(s, 3H: 1,76 10 1,83 (m 1 H: 1,88 to 1,96 H: 2,18 (dd, J=2,5 et
13 3 Hy " 15 raRpnceOyEatpi AN eloahdl, o el p MM T SCRBHNING -dBaSNIOter 5 1.
1 H; 2,82 hoclefhes. nﬂhlslﬁrob&ss |§r&/%rsﬁtﬂe aﬂé‘é@n ez,aéﬂg,re%en'é}ate@neo&n(eg pontfiy 6 Hz,
1H);315{d J=12, I—Q s large H; 3,36
(s, 3 Hjo %@aymﬁc'@quvat'\@%@ rpooregengeflfﬂijehndrpﬂng @699 ”(9”00950’[@ RNy H) .
3,58 to 3, GZOI(/éTﬂt ihdatum 3r Hgﬁ tembe@atﬂreléqz Poddka, 9839 (Aﬁl‘lbl%l‘l&_g 36424, (m 1
H: 4,77 (dd, J=2.9 et 11,9 5. 42 (g, J=6,7 Fz, 1 H: 5 66 (dd,
1
6
7

J=9,1 et 201’5u§1 réi?ers@le"dbrlvﬁlv3§ofﬁmib cm@eﬂ@at(v@ﬁiof Qerﬂelaliforﬁ{ula]-@oé) &n 1 H);
,64 (d, J= 6,85 (d, J=1,1 Hz, 1 H);
, 08 (t, QrSQ bﬁilsei rﬁ%e Hr%§e§t '”F’J?'E\S&r atl on of

3-[2- (24242 (2- brono- acet vi am no) - et hom | - et hoxyl - et hoxv) - '

ethom | -propionic acid 2yp-di oxo-pyrrolidin-1-ylester: rHoOOOrO 00

Under netic stirrin t om t enperapyr 4

3-(2- {gi%(z am no- ethlgx ﬁ) oxyﬁﬁmrg)% R

(CA(PEG 4, PiercBfl aye |ntrodu n a glass vial. 14 ny

of brono-acetic aci - di oxo olidin-1-yl estes R’

Y Y’

(XXI)

20 where A, X, Y,n, T,A, X,Y, n’, R1, R2, R1, R2’ are defined as in formula (XX) and
W, W’ are the same or different and are selected from the group consisting of OH, an
ether such as -OR, an ester (e.g. an acetate), such as -OCOR, -COOR, a carbonate
such as -OCOOR, a carbamate such as -OCONRR’, a cyclic carbamate, such that
N10 and C11 are a part of the cycle, a urea such as -NRCONRR’, a thiocarbamate

25  such as -OCSNHR, a cyclic thiocarbamate such that N10 and C11 are a part of the
cycle, -SH, a sulfide such as -SR, a sulphoxide such as -SOR, a sulfone such as -
SOOR, a sulphonate such as —SO3-, a sulfonamide such as -NRSOOR, an amine
such as —NRR’, optionally cyclic amine such that N10 and C11 are a part of the cycle,
a hydroxylamine derivative such as -NROR’, an amide such as -NRCOR, -

30 NRCONRR’, an azido such as —N3, a cyano, a halo, a trialkyl or triarylphosphonium, an
aminoacid-derived group. Preferably, W and W’ are the same or different and are OH,
Ome, Oet, NHCONH2, SMe.



WO 2011/ 039724PCT/ 1B2010/ 054422 81 of dichl oronethane is then added. After
15 mnutes at roomtenperature, 0.396 m of DI C

(N, N - di iwopeuppbear bodi i m de) is added. After 1 hour 3@CEiIBIE834422he crude
reaction nmediumis filtered on sintered &éass, and the filtrate is purified
by flash-chromat ography on 100g of ON-grafted silica gel (gradient of

el ution 5n. heptane/i PrOH/ AcOEt with increasing i PrOH portion). After
concentrat i eRnPbuhdPEib@iia 80XI§ Maf husiedonsRERESHRITY, Rrcludfly WileOf

342- (2-{242-(2-brono-acetyl am no) - et hoxyFet hoxyl - et hoxy) - et hoxy] - propi oni c
acid 2,5-di 60Eﬁﬁr$Q5\{qnéllan%ery1h9é§tséwaf§ﬁ§3619?é’iaﬁl§é|aﬂhU§ g-formof a

col ourI ess oil, the characteristics re as foll ows: Mass
spectra: mePFRf@”W' CQ’DP@{”@HWQ)WOWﬁ%fo("ﬁ‘i”ﬁﬂxx”)@rf)ﬁx[”MH]+ n z 483/ 485

[ M HHFHCO2H] -: m z 527/529 Brono-acetic acid 2 5-di oxo-pyrrolidin-1-ylester
coul d be prepared fol |l owi ng publlshed8§A ( Bi ocheyy ryH 1974, 481).
15Exanpl e 1b: 1b.1. P N f 30 Mal
hu2HL1R3%R74- PE
tenperature, 4 n . ' ar e added,
then 7.5 m of buffer YIEPES 1M\il OMA, f ol | owed by
0.305 m of a 10nv DVA soI utlon of L- DMA- Mal - PEGA- CONHSllacti vated WO
2011/ 039724PCT/ 1B2010/ 054422 82 ester. After 7 hour at Poomtenperature,
the crude conjugation nmediumis dilu with 70 M of HGS buffer and
purified by TFF on Pellicon 3 casset ) The sanple is diafiltered against -
10 sanpl e vol unes of HGS buffer and then collected. The TFF tank and |ines
are washed with an extra 10 mM of HGS buffer. The two solutions are 5m xed,
concent @ted on Amicon 15 and filter-sterilized through 0 22 pm PVDF. 8.0

m of hUu2H11R35R74- PEGH- RVA | mmunoxoxm-Tgahex(c =.5. 3 was t hus
obt ai ned. The i munocgnfdgate \| anal yzed for oad and
nononeric purity. EC ana s (method D): , R =

16. 680; nononeric pu ityN

15 (XXII)
where X, X', A, A, Y, Y, T, n, n’ are defined as above.

The compounds of formula (XX) may be prepared in a number of ways well known to
those skilled in the art. The compounds can be synthesized, for example, by
application or adaptation of the methods described below, or variations thereon as

20  appreciated by the skilled artisan. The appropriate modifications and substitutions will
be readily apparent and well known or readily obtainable from the scientific literature to
those skilled in the art. In particular, such methods can be found in R.C. Larock,

Comprehensive Organic Transformations, Wiley-VCH Publishers, 1999.

Methods for synthesizing the tomaymycin derivatives which may be used in the
25 invention are described in the International Application No. PCT/IB2007/000142.
Compounds of the present invention may be prepared by a variety of synthetic routes.
The reagents and starting materials are commercially available, or readily synthesized
by well-known techniques by one of ordinary skill in the arts (see, for example, WO
00/12508, WO 00/12507, W0 2005/040170, WO 2005/085260, FR1516743, M. Mori et
30 al, 1986, Tetrahedron, 42: 3793-3806).



1b. 2. Preparation of L-DW4- Ml - PEGA- CONHS activated ester: Under
magnetic stirring, at roomtenperature, 50 ng of L-DW4, 17.2 ng of

support edwQD1397123. 72 nmol /g), and a solution of 36.2 WGTOB2010/054422
3-{242- (2-{243-(2, 5-di oxo- 2, 5-

di hydr o- pyrrol -1-y1) - propi onyI am noFet ho84/1 - et hoxy) - et hoxyFet hoxyl - pr opi oni
c acid 2,5-dioxo-pyrrolidin-1-yl ester (comrercially available, SM PEG 4,

Pierce) in 340 cBhju§dtc PRI &Wlﬁ§§dt¥5ﬁ|ﬂay@§@%ﬁneﬂ§lﬁ% any fé@h'ﬁl u0TRENUt es

at roomtenperature the reaction mediumis |t ered solids are washed
with AcOEt, tamrymyst dasivalives ! tsrinyantian sxayhedinged &xa @rnttmfiy Pf elfensel

flash-chr OWBFn‘ag\Baa%_'Mt Wa allr%cig 180ile Gk & érfﬁyﬁéjgﬁétbl'aﬁﬁ’e . ﬁ%b%h%ﬂve@%a@bé’t ion
hept ane: Ac Okt i ncreasi ng contribution of I Pr

concent rat i 6ANUMSEY Ytk acm%gt%mvwgq@ Rgtabifesaskpaes anf wb@aw&nﬂwei@d tpadiede
pressur es 2%m%m@gag@f1t o p%&rchl%l pepEAsetabieSinR6t rrﬁéfcsﬁiugétb%arab@p%b%dnsd in

the formof a colourless glass, the characteristics are as
foll ows: WP H RyERary A )‘!LBE@!EO)‘"@S‘@@@E bgcyiates %ﬂﬁ*etBW B{‘keﬁé@ &8l A

Retention t bfﬁ%n{(}rﬁg@%t to pl@d’iﬂ:e/aloo%ﬁ.lgﬁ?e #Hbesih e SRa%Yy Mtrd Mt rastérhgesltd 93
[ M HHHCO2H] Preparation of Conjugate linked with

SPDB:  hu2HikeaisrrRe. @Dﬁl\@l\/ﬁ referably, {hg PgAYSMES 2131SYREERZE] AheeiRaideear e

conj ugat ed pertdctddMhidNgrAipassd thkn Nae fmore disulfide or th|oI contalnlng derivatives are
met hy1- 4- mer capt o- 1- oxopent y1) - mayt ansi ne usi ng

(4-[2-pIRi d?ﬁ%ﬂ @Wa!ﬂnﬂmlrawéute thgcqed h@%@%ﬂéﬁl@@ cnwme kandeara thiogler linksi ng
the same protocol as tgrew ously described in WO 2008010101A9 wi th ot her
hu2H11 ant i Hyaeseus metneds 9f conjigation ansdayeniiisURB 41084208tV Ardral9%i th 5.5

or 6.5 fol dyhe®midy n?)@%e&ﬁlvﬁflve%%@ﬁtfeQﬁodWa?d'ﬂa]yle@d‘Qfljéé%h&p%oﬁﬁéﬁﬂﬁénve' y. The
reaction was carried out in Buffer A (50 mM KPi /50 nM 1/2 mM EDTA, pH

6.5, 95% v/ {nkegite ganandirpdysv.olires el binding agehiuizaan aeidy %}Hﬁ]“fl@wémhewb"%e
nodi fied an'thQéPdTS’neW@ﬁwaS/ﬂﬂ?anI@IBH\I/&W%’WHNa%@%ﬂﬁd@?&rg&@%ﬁobﬂgaﬁﬁbum with

Buffer A. Next, the nod anti body was reacted with a 1.7-fold nolar
excess &P DvANdRnspd wikspmBPfideRed subprauGIY dpkeshiogece!l bindingsrpentto Ripduces ng/ mL

anti body i npBetfdagE 1hilé #r{i%r VTHe tomaymycin derivatives with a free hydroxyl group on the
linker can be acylated and then linked to a cell binding agent to produce a conjugate

that can be cleaved by intracellular esterases to liberate free drug. Most preferably, the
tomaymycin derivatives are treated to create a free or protected thiol group, and then

20 the disulfide- or thiol containing tomaymycin dimers are linked to the cell binding agent

via disulfide bonds.

Preferably, monoclonal antibody- or cell binding agent-tomaymycin derivative
conjugates are those that are joined via a disulfide bond, as discussed above, that are
capable of delivering tomaymycin derivatives. Such cell binding conjugates are

25  prepared by known methods such as by modifying monoclonal antibodies with
succinimidyl pyridyl-dithiopropionate (SPDP) (Carlsson et al., 1978, Biochem. J., 173:
723-737). The resulting thiopyridyl group is then displaced by treatment with thiol-
containing tomaymycin derivatives to produce disulfide linked conjugates. Alternatively,
in the case of the aryldithio- tomaymycin derivatives, the formation of the cell binding

30  conjugate is effected by direct displacement of the aryl-thiol of the tomaymycin
derivative by sulfhydryl groups previously introduced into antibody molecules.
Conjugates containing 1 to 10 tomaymycin derivative drugs linked via a disulfide bridge

are readily prepared by either method.

More specifically, a solution of the dithio-nitropyridyl modified antibody at a

35  concentration of 2.5 mg/ml in 0.05 M potassium phosphate buffer, at pH 7.5 containing



and DVA (di met hyl acetam de, 3% v/v) at roomtenperature for 20 hours. The
conjugate was purified by Sephadex®5 desalting columm with 10 mM

Hi sti di newo280/a3M2@ yci ne, 5% sucrose, pH5.5. The drug POTARLIeRY2X ati O
was 4.0 for hu37.3D7- WD 2011/039724PCT/ 1B2010/ 054422 84 SPDB-DW4 and 3.1
for hu2H11- SPDB-DWV4. Exanple |d: Prepara®®on of conjugate

hu2H11R35R74- PEG4- NVeAc- DV 5 1d.1 Preparation of conjugate

hu2H11R35R74 nlﬁﬁ%ﬁ%%a%.W%mm%m&g ﬁ;tnnarymylam o@nvme (4 3tholaf

hu2H11R35R74 (14. 36 /m in fer A% are added, of buffer A,
1.45 m of iopyyid gwmeh@frebﬁwo ruﬂrwm«wé@ewr@ f@gn Hﬁe rb@dl%ﬁdwwnpm
sol ution of Mon%%d%%@(?o %&Q&h@aﬁﬁs Nrﬁtaﬁel .seéén%lete/ﬁi é%ut% HauRs, fhe RT, an

extra 0.19 nl of 10 sol ution of L-DW- - CONHS acti vat ed
ester is adé%POdAft@’@?y’ByW §erétat'm'00rﬂw&at%fsd&’é'f'%ﬁ”%@%q @W”ﬁ%ﬁt%ﬁ*m@ agf| ut ed
with 65 #i efheHFé'ﬁ, r*ﬁHIfeE@ér\ﬁé‘@hﬂHét'eflélqg' gfyntrEForpﬂnrd?@hld SR otasstabitec- The

e

sanple is diafiltered %al nst - vol unes of buf fer and then
col | ected. ?R&r PRRhaENIOSARATNS rHé%bQirOé QRRRYRYEInderivatie ’B&'?V% bayngiPebf HGS

buffer. The ah%d?%&édtﬂﬁ‘éa%@défb?ﬁ%ﬂed Sgﬁm%‘é&ﬁrrr@ttﬁ@' reﬁlB AL ofbandd et 230
filter-sterilized through 0.22 urn

hu2H11R35R7 A4 NIVER mr@%?fuba(ﬂ @nwnafcmd%?tme)m%@ﬂw%'b@sy ai ned. The

conj ugat e i ghdidrar GPalHREd f/@rdlsfdlff&@bo%é'gy kfaghefod. mononeric purity. SEC
anal ysi s (D) . DAR (SEC) = 5. .7 mn ; nmononeric purity= 99.4%;

HRVE day@ : THEefEdtSf &dni ﬂr% %r%‘rﬁjoamf tOWaik the QM@eA%N 8 f=QAAS
activated ester WO 20 %%IP?WSMIDCT/ 1BZ|0 0/ 0%442 M‘é’s ﬁ@@e

et hoxyFet hoR§ I9e[sBf5ied st odes erediogs @fQY%’-Sb(ﬁﬁsﬁ']'t?eﬂ'lW l4u g4aledPRE. Rrac.dVal. M of
DVA is thenaggdgdeshi. §.61A. OQQ?@GW 8@23 %y@étoﬂélty@f% toﬁffatyﬁfycﬂa deAUtRedbin&theirt he

reaction nmediumis purif | ash-c romato%y on 30 g of 018-grafted
silica gel @@?WV@HE‘JU%"%FQJ‘%EP”d'ﬁeWﬁ%F’eal?é‘fSWﬁth Maé 5"@"’!%‘05 ohgelby vol une) .

Af ter COHCGEFdl%trétQﬂ QivesBs 8o dGR Wokintd dhar &t 41heoske s Inadufodss tagugder RP,
71.3 ny of DMV4- AcNVe- PEGA- CONHS activated ester are obtained in the form

of a coldur PESk Qyteiexcity ofdhesesampoundmiodapent ¢4l ling§ can berdetyrmigefiby

[ MtH H20] + cloﬁbl\ﬁ?RrﬂclzZ&a%@& BeSdrigBain GoldmMEN&]et al., 1988, .3-2@@/ Bioll, 'VUZH@Q%H]
mz 1240 ; Mz, 6 in pprn, chloroformd) : 0,81 (s, 3 H

120t013é19n 13H) . 1,42 to 1,52 (m 1 H : 1,56 to 1,61 (m 1H) ;
1,65 (s, agd10173t0183(m1H);1,96t0204(m1H);219
(dd, J=2,8 10 logues ;229t0241(m1|—|);255t0 66(m2
; 2,83 t ; d, J=9, 7 Hz,
Iil)H) -3, 189’{1%cgt0 [(T:](q»genglrg_q)d in tl'gc (t@gc c%nmgates @cgﬂ%f%hg‘@re{s%{ut |qu_q)t|on 3,57
3, 682¢ M mby dro be 8CB@66lor aliefvAiviizherdott) ; 3,99 (s, 3 H ; 4,29 (m 1 H
; 4,79 (dd, J=2,8 and 12,2 Hz, 1 H) ; 5,41 (q, J=6,7 Hz, 1 H) ; 5,68 (dd,
I{l):9136e23615® H55 id alfotent 2bB1uddor(atibidtiddsolatedl, flotn (HéGultdreltko® gind 15,2 Hz, 1

d. 3Pr epar aﬁ” Sﬂté’fwyéei ée’?'is’% %C{'%O%E aBP‘étr?@%Q?é'fjx%orﬁé’P}?\%'?’”ayﬁtf ‘?@)‘Ia”@f%oxv}

I
et hoxv) - et heayimoatyh@xd anficandied dneysasidh ad, doxdiubicin, Pyt ettdxdienant-wicrigtieer 20
1 (B.K. Bhuyan et al., 1982, Cancer Res., 42, 3532-3537). CC-1065 and its analogs are

25 disclosed in U.S. Patent Nos. 6,372,738, 6,340,701, 5,846,545 and 5,585,499.

The cytotoxic potency of CC-1065 has been correlated with its alkylating activity and its
DNA-binding or DNA-intercalating activity. These two activities reside in separate parts
of the molecule. Thus, the alkylating activity is contained in the cyclopropapyrroloindole

(CPI) subunit and the DNA-binding activity resides in the two pyrroloindole subunits.

30  Although CC-1065 has certain attractive features as a cytotoxic agent, it has limitations
in therapeutic use. Administration of CC-1065 to mice caused a delayed hepatotoxicity
leading to mortality on day 50 after a single intravenous dose of 12.5 ug/kg (V. L.
Reynolds et al., 1986, J. Antibiotics, XXIX: 319-334). This has spurred efforts to

develop analogs that do not cause delayed toxicity, and the synthesis of simpler



Br/r./0/"?A?nr Under nmagnetic stirring, at RT, in a round bottom fl ask,
115.1 ng of 3-(2-{242-(2-

met hyl am wo-2et1sx) - et hoxyFet hoxyl - et hoxy) - propi oni ¢ aciPdT/1B2080/034422f DCM
97.3 ny of bronpb-acetic acid 2,5-di oxo- p%/l‘l‘0|ldl n-1-yl ester are
successively introduced. After 2 h, 72 pb6of DI EA are added, and after a
further 1 hour at RT, 70.2 pl of DI C are added. 25 The crude reaction

medi umis k%ﬁéloés Fh'baeléél oRE)C 1@6£hlﬁa°s Sden d%@gnbe%lr(ﬂ/l Ahﬁlﬂrp@ﬁbéﬁl bl hyss, u.

fl ash- chrorratng (ga lica gel (gradient of elution

DCM net hanoM Gﬁ?’@ f’OO5QQ36 )97 by vol une). After concentration of
fractions containing the desired product under RP, 85.8 ng of

3-{242- (2- { ;N PIPBLYSEHBS ALHBATP. hetdR) Imaipty ME-rer!Aesa %R hoxy) - et hoxyFet hoxy! -
propi oni ¢ agydopte b@% eih\él'br o rHoué Yb.1eHo ér@tra@' abdaUNery. ionedltdse form
of a white s!c/) p’%éa[@'] ﬂ] eo(ml’é %( g Ly +Fb' n z 497/ 499
WO 2011/@39?@%@@&?%@@1&%@52@2 8 1§10Q’9PM$€aP5?’?70419t f1: 115-120). These

3 (ﬁ {2- 12- émpBlrdusI rAdThiaer tﬁé'ﬂ@hy}:v%%l@h'cy%?fh@%erﬂél%l@éhmth@u%b%gc aci d

.......... O,...........,.0" o Under an inert
at mospher e Gfla¥gdioxicity ra'CPoldh@mCQo‘t%érﬁhﬁﬁ%sqzmpwrtdﬁ aﬁ%glkﬂ@t'reg aganisthay, 5

120.1 nmg of ping to the minor groove of DNA in a covalent manner to cause cell death. However,
342-(2-{242-(2,2,2-trifluoro-acetyl am no) - et hoxyFet hoxyl - et hoxy) - et hoxy] -
pr opi oni c aei'rucalrevﬁwt'%sqféhe mQStrHFO’Bis'”@rﬁW!ﬂgéu% Oﬁﬁlﬁsﬁ‘rﬁi‘dS@a@e'BW”dTasdﬂél and
successiyel yo §i g&ﬂﬂ.ﬁg%su@@s Fe%?étéroél dﬂﬁm%mdvésff‘gj&%ﬁéi N@mﬁ brigs] £Ehpat er
bath at about O Yo pur e i is slowmy added by

sl | por ti A%, | Wolat a1 94en Git, GRaceaRass 2Li gt 7). Thhse Sidad Pl BopEn
nedi um i s cepggRutiabRskts Qe(‘,‘:Hu%Q%ﬁﬂmlrlﬁbhl’é}/@%rmlB%xwﬁij‘d diluted with 0.5 m of

THF and 0.8 ml of water. At RT, 30.6 of LiOHis then added to the
reaction fTEQ‘hé“fﬂerélB’b%tl@%ﬁi@Qcy &‘@CCMOGB Hﬁﬂbg%dnsb&@ﬁ’étlﬁm{y’r&/e@tbg%ﬁanéﬁ fHes at
-20C, and then purif sh-chr omat o 18-gr afted

silica gel (’b‘f’éﬁii"éﬁﬁ'?“%” t@f%ﬂh&ﬁ'{g@\ﬁ?é’l‘a“%? ﬁpttqmq)resn]er r@ﬁ?'@@ Ly '9‘Her5t°§8'tyoy

vol une) 15 Af Ecﬁﬁorﬁ%ﬁ’g‘e@éﬂ fs%hb@rhngfthusr Wér@9§eﬁlﬂﬂbﬂblw ﬂgorHBEtod&NeR/@%l@@@QUCt
under RP, 115.3 of 3-(

15{242- ( 2- nﬁ?rl‘iyg%{ﬁ? ﬂfoa"@ﬂ%ﬂ?‘fj etivRivgEat HexiPBo el PindingAgshischaki d are

obt ai ned i nsbé’tﬁflcfaﬂ’f fé‘rghft tdnddellONa R beenldbsoritf¥de(U® RiteR8; ©475,092; 5,585,499;
3-1'2-(2-{2 trifluoro- acetw am no%lgethoxyl-ethox

et hoxy) - et hé)@fﬁgﬁﬁb&hﬁ?ﬁ eoralégaaesngplﬁ@ display high gargetispecific cyto?oxwlty in vitro,

N.... I'. .., @nd exceptiBnal anti+umer-actiétydA human tumor xenograft models in mice (R.V. J.
20  Chari et al., 1995, Cancer Res., 55: 4079-4084).

Recently, prodrugs of CC-1065 analogs with enhanced solubility in agueous medium
have been described (European Patent Application No. 06290379.4). In these
prodrugs, the phenolic group of the alkylating portion of the molecule is protected with
a functionality that renders the drug stable upon storage in acidic aqueous solution,

25 and confers increased water solubility to the drug compared to an unprotected analog.
The protecting group is readily cleaved in vivo at physiological pH to give the
corresponding active drug. In the prodrugs described in EP 06290379.4, the phenolic
substituent is protected as a sulfonic acid containing phenyl carbamate which
possesses a charge at physiological pH, and thus has enhanced water solubility. In

30  order to further enhance water solubility, an optional polyethylene glycol spacer can be
introduced into the linker between the indolyl subunit and the cleavable linkage such as

a disulfide group. The introduction of this spacer does not alter the potency of the drug.

Methods for synthesizing CC-1065 analogs that may be used in the cytotoxic

conjugates of the present invention, along with methods for conjugating the analogs to



Under an inert atnosphere of argon, in a round bottomflask, with nagnetic
stirring, 230 ngy of

3- (2- { 242W020mami3ptz4 et hoxy) - et hoxyFet hoxyl - et hoxy) - pr opi @QiraB20ad/0542A( PEG ) 4,
Pierce) 2 M of DCMand 1 m of methanol are successively introduced. At
RT, 1 m of trimethylsilyldiazomethane (M solution in hexane) is slowy
added to the 25 reaction nedium After 2 hrs at RT, the excess of

trimethylsi byl ih&agaBEMEBECH s BRbobRL] e dcByivadd béamiEp 862ddsgoaci d. The
crude reaction mediumis then evaporated to dryness under RP. The residue

obt ai ned i s (Mesgtcontent isincorparated hexain by siereace)@ndd-wi Pateat NRs: 8147092pat h,

then 363 pl 5‘8“46% 5885 366 %34056013:% %@G@Wﬁfﬂ geAypliRgRNoAf ter 2 hrs
30 nin at RT a ‘hrs at - 20C, 3 pl of TEA and 300p of TFAA are

30successi vé%ﬂﬁ@é@é”dﬂ@&z@?“@zhrs 30 mn at RT and the cr ude nediumis
stocked at - WD 2011/ 039724PCT/ 1B2010/ 054422 87 20C and then purified by
fl ash- ch@on@t'ﬂﬁjr@b@ﬁ/ on 30 g of 018-grafted si Iica gel (gradient of elution
wat er: acetonitrile from95:5 to 5:95 by volune). After_ concentration of

fractions cORas wch@smﬁhd@?%aa%@mgﬂ qp¥QBIoIqige vVinepsingy viglastine,

342-( 2- {242n{ezph%la21 Ieptomycm derivatives, mitomycin C, chlorambucil, calicheamicin, tubulysin
trifluoro- aceté1 am no) - et hoxyFet hoxyl - et hoxy) et hoxy] - propi gni ¢ aci d net hyl

ester are 58B HbYYEIN 3nafage. JUacATBICILANLIURCRETYHARRAIPYS. dRgsiatinBadt ra (A)

RT= 0, 90 m Qolastbitt Bhalogs §udhl & adifitating MeHiso swt'éb!e'fértﬁez, rep@‘eﬁ%ﬁ'& I e:
Preparation of caonj fgtate hu2H11R35R74- PEG3- NHAc- DIV

Br CH2 caNhisFIronugatsg af theypresent invegdipn. The drug I‘HE@H@S{ET?'S@ bez')”kgljl ihe . p s

DVA DI EA O bm.dod?rnﬂﬂ@aﬂaéé AU m@ﬁ SARREMERS ha@.&ﬂqB%aE%uaE%séﬂdﬁcaMmUnder
magnetic stirrin of hu2H11R35R74 (14.36 ng/m in buffer A) are

added, t henDPpxgu C'”oef”ddéﬁ“f”é’FUbA"” OBOYRIS i3S qfSotieed; fgr examglenin 6. Brignt

fol | owed by N@. 6830 8779 thapald® baMsERFeyastbxit bgentof L- DVA- AcNMe- PEG3- CONHS
activated ester. 15 After 30 mn at RT, an extra 0.1 nml of 10 mM DMA

sol ution of ThedlutcdivBpdditc®- CONHS activated ester is added. After 1 hr 45
mn at RT, the crude conjugation nediumis diluted with 60 m of HGS buffer

and puri$i edhbmvmlr‘orpmS&ﬂdlété@m thefpeatd &@npﬁt@na‘aﬂﬁb @rebﬁnedit af al tered
agai nst -10 sa vol unes of  HGS buffer nd t hen co | ect TFF t ank
and |ines af¥ %0 feEptip s oger dy@ mampea! yyhi CQ’—”!E%'SBE? hgrap 'éa%e

sol utions aafmodhiXsa, cdmpwa@bf mbadeanoﬁam&@@hé%@@dtﬂauy hedeptdbis tdrii@eth
ghggugh 0. 220@ g - g gi o t|c@§11R3537%|PF%?§aﬁ/e-% %ogérdgfate (c=
my/ m ) O0REMPADEBhEAIT AR MarRUlELAPTIRRRNON 18 a7 DELAF2RE" i nal
drug | oad an@iusmyQBerict lipied tof theSofovng! Qamuﬁorﬁ@)uncludﬂ@h(aSMebﬁdaen, RT=
%815?833@2 4p@|5\/s{;céglgr@bl? @% E\Qy égng,goval?? paﬂl%sdgtto?na'ch S(?eerwx tﬁyrmd andV\%n
including squamous cell carcinoma ; hematopoietic tumors of lymphoid lineage,
including leukemia, acute lymphocytic leukemia, acute lymphoblastic leukemia, B-cell
lymphoma, T-cell ymphoma, Burkitt's lymphoma ; hematopoietic tumors of myeloid
lineage, including acute and chronic myelogenous leukemias and promyelocytic
25  leukemia; tumors of mesenchymal origin, including fibrosarcoma and
rhabdomyoscarcoma; other tumors, including melanoma, seminoma, tetratocarcinoma,
neuroblastoma and glioma; tumors of the central and peripheral nervous system,
including astrocytoma, neuroblastoma, glioma, and schwannomas; tumors of
mesenchymal origin, including fibrosarcoma, rhabdomyoscarama, and osteosarcoma;
30  and other tumors, including melanoma, xeroderma pigmentosum, keratoactanthoma,
seminoma, thyroid follicular cancer and teratocarcinoma, and other cancers yet to be
determined in which EphAZ2 is expressed predominantly. In a preferred embodiment,
the pharmaceutical compositions of the invention are used for treatment of cancer of

the lung, breast, colon, prostate, kidney, pancreas, ovary, cervix and lymphatic organs,



| e.f Preparation of L-DWi-AcNH PEG3- CONHS activated ester Under magnetic
stirring at RT, 65 ng of 3-{242-(2-{242-(2-{242-(3-brono-

propi onylaiznaye3ehoxyFet hoxyl - et hoxy) - et hoxyFet hoxyl - ePRTAB)H1@DIIINRY Fet hoxy
|- 5 propionic acid 2,5-dioxo-pyrrolidin-1-y1 ester are introduced in a

gl ass vial, followed by a solution of 67% ng of L-DMA in 0.85 nl of DMA
and 16,5 pI of DIEA. After 48 hrs at RT, the reaction nmediumis purified by
flash- ChrOW%Et‘é%éFQMa%né\Qalgza%noﬁhé iaChr&itha, (8H@8h&REcOh fibkal QabtrkCidyeOH
100: 0 to 90:10 by volure). After concentration of fractions 18 to 26 under
RP, 17 ngy ofr ptheieargipapePRashicoRpleA A tstexpeassed-d8 particdpk thelganeBt isigned i n t he
formof a C ARG ARSanolfis Srmibiamdra s(a%)pharmaggu‘ﬂcéi c%ghpl@%l'ﬂon rdlEE20] +

rniz 1340 (main signal) : [MtNa]J+ : rniz [ M CO2H] - : rniz 1402 ;
1H NVR (4000Mg disgroers sshras, foeaxaivrejﬁoaw'avﬂunecf'%siﬂ% Sushﬁgsystqm@éur{@ 3 H)
;1,23 (s, 'ranéﬂ}natméeaﬁnt(s”bné-m'd)tlple §0Ie395|§ Cbraf*t]regbc%ohg:su@hEarenaﬂtré‘rﬂspia%tl 52
(m 1 H ; 1,65 (s 0 (m H) 19 (m
1H ; 2 7rqj@ﬁt|om Ip{)ertrarzspjgptaejqctlgq I(jﬂg trQns}qﬂant reaeglpnaca@gcgagg)lqrm 10 H) ;
2,99 (d, J ﬂéecﬁloﬁzandlbd'rbe mar@@ﬁﬂaﬁﬂ)larﬂ@e&oh‘z raﬁtvb‘)sus hést]o@séagehhr%ﬁd J=13,7

Hz, 1 H ; 3,2 br oad 7 (s 55!) 44 (m 2
H ; 3,51 (tpfeqjlegs :§up[2 as @\,Hyfecthl gﬂmeect pn5A S‘Hftc Zar]q)parasgte eglcgswcbm 29
H)

; 3,86 (bs l%mﬁa@rs "é?noe%la'é'}s scI‘ﬂstQ&%nﬁ@&s%Hd)otheréag%ef&mﬂwea% (df'ib , 4,78
(dd. J=2,9 and 12 5 300 126,8 Hz. 587 (dd, J=9,0 et
15,2 Hz101 Pf)dma%slﬂ@m(tbea!ﬂ . 6 44 (dd, J 11 2 et 2015 2 He, 1 H : 6,65
(d, J=1, J=11, 2 He, . 6,86 (d, J=1,5 Hz, 1 H) :

7,02 a 7513Tbﬁ]|nsj_aqt.|)nvent|705n| @ogd@@mm&pq&%@akﬁomposmons comprising:
3-{2-12-(2-{2-1.2-(2-{2-12-(3-brono- propi onvi am no) - et hoxvl-
et hoxv} - et h85&\‘?ffe@tvﬁ@mi%“”E?frﬂﬂ@f}t'bQ@Y\@ﬁUL?Odé(tff?@ﬂﬂ”t ot #ReYY perdyaainPethaci d 2. 5-

25di oxo- pyrbﬁésbdﬂ iRvekitih, el er
Bro........... 11.,N,,,,,,. 0. ....... S "0 "ML 0,

v ONL L " a-pharmaceutiéally aceeptable carn@r which may be Hert,dNpRysiblbligaly dﬁiﬂ%’le'[ ic
stirring at RT, 100 ng of 3-(2-{242- (2 am no- et hoxy) - et hoxyFet hoxyl -

et hoxy) 1pr ops@Re€ ha@ind ;ﬁfﬁﬁhﬁ’&@tléallypcio‘ééﬁt@ble carridrs " ahcl ke awyelanaféu%owgnt@f

br onmo-acetic. acid 2, 5-di oxg |n 1- te ar ively
e T oduced FIsPSSgnAeT4iapinde) pafbaplaal aiant Spls, P fhepike tatere dded.

After 1 hr, phiolegitdly cb&@@ﬁbl@@i%léﬁ%ﬂ@utébléE:@rrn@ti anUen\AQ;nd/or eXC|p|ents
2011/ 039724PCT/ 1B2010/ 054422 89 s n ered h%@gfjf{ﬁpo (feng{eé(hed t ness
under RP, diNAdE QAP MG A Waie" /&é > PNP$A YAt Ot & §er d
{cgnge?g r at edthafold Byd @egiks) M&Nel%hc&@olzlﬁatﬁiﬂ tl@éireaﬁ gQrﬁan)( 833%342\1&/(”23& hoxy)
4 rono opI on mn et ho et hoxyl - et t hoxyFet ho t oxy
R g A A A M AR T M O R A AR A vl
in mt( he61\:3 glr ??heia%@@%mﬁr e psrtioilhr, rﬂré‘i@%ﬂ sggﬁlgo(s%l)tablﬂaiﬁueelrmdm M), [][VP*H] +
: Z ; - npl e ar at o
con ugate. hOSIERRRRAPARRERIHEIaf S PHTA ESBERIS o not Sorthiing abodl
1 mg/ml to 25 mg/ml human serum albumin, (2) 0.9% saline (0.9% w/v sodium chloride
(NaCl)), and (3) 5% (w/v) dextrose; and may also contain an antioxidant such as

25 tryptamine and a stabilizing agent such as Tween 20.

The compositions herein may also contain a further therapeutic agent, as necessary for
the particular disorder being treated. Preferably, the antibody, antibody fragment or
antibody conjugate of the present invention, and the supplementary active compound
will have complementary activities, that do not adversely affect each other. In a

30 preferred embodiment, the further therapeutic agent is an antagonist of fibroblast-
growth factor (FGF), hepatocyte growth factor (HGF), tissue factor (TF), protein C,
protein S, platelet-derived growth factor (PDGF), or HER2 receptor.

The compositions of the invention may be in a variety of forms. These include for

example liquid, semi-solid, and solid dosage forms, but the preferred form depends on



OBr.\.:.--Nt0,0,e J4I1 | 1f.1 Preparation of conjugate

hu2H11R35R74- PEG4- Al | yl - DV Under magnetic stirring at RT, 4 m of
hu2H11R35R020(1203926 ngy/ m in buffer A) are added, then PCEIBRto10D5420f f er A,
1.45 mM of HEPES 1M 1.14 ml of DWVA, followed by 0.3 ml of a 10 mV DVA
solution of L-DW4-AlIlYyl-PEX- CONHS actlv%ﬂed ester. After 30 15 mn at RT,
an extra 0.125 m of 10 mM DMA sol ution of L-DW4-AlIlyl-PEGA- CONHS acti vat ed
ester is admnteﬁfjé@ﬁto@e lo a@rﬁln@trﬂtl&{ ar%TtheFatb%uﬁdéHﬂ-’lcé:tRﬂl ‘F%ﬁédl%%f&%ﬂ umis
diluted with 65 of HGS buffer and purified TFF on l1icon 3
cassette. Tﬁ@’“@@ﬁt‘tﬂné qre Irbttlaffqrm @‘ﬂ@@cta@m%gﬁusﬂm S@'dWSeT%PWEGddFOM

buffer and TaBr%msQn%'tb@%tp%‘F'entgﬁﬁgT FntFa@@Ko@ﬂttr‘ahﬂu%éulglr ﬁttt‘é@éﬂ%ewth an extra
10 mM of HGS buff solutions are m xed, concentrated on Am con

15 and fi| t 8voaanePHs); p PrefasiRgHeraRazmentnthpypmpogitiensf tag invention are
hu2H11R35R7 44 Rkt Bl ||Mtav%sﬁp£§ Y8818 of Sy'éorrf-tla ubsy muklo\‘\@ﬁeﬁ AysriQPéained ECThe

conjugate is then anal yzed final drug |oad and nononeric purity.
anal ysi s ( Hn anatpe r{f@E@GLeslbedlmeRﬂhewwweq%by inffa AR A SYRAUIANGOUD9. 494 ;
HRVE data : %@l éLﬁbrli@trasy)PQ\/%pH/M&r@ﬂ%@rﬂj%?@%%&%éﬁﬁ S ekifesdnal

Preparation of L-DVA-AliVi- CONHS activated ester_Under nagnetic
stirring at raes, MGW '@falﬁsmﬂ aS@SStﬁﬁ“%‘the@p(thlq@ﬁﬁis( 4theY 678 PB A2 -

enyl oxy) - et Qgpﬁyﬁ%r@g%lﬁegmmﬁ&) propionic acid 2,5-dioxo-pyrrolidin-1-yl
ester (Brono- Allyl-PEat-CONHS), 0.5 ml of DI\/Aand 23.5 pl of DIEA are

successiyel Btdril oA fbnk o éhtéttaﬁﬁntﬂsﬁ«ét nAfen@ 8d B ifdbrensting tndir s at
-20C, 50 pl ofr DI EAM%? gdderé)%rAfter 24I hrsioat RTeFt?reEérreagtll OF] megléum i's

purified byapiibasy. HibedairegPamiey aBiPasy cgnivpats Oiﬁteg?ratqrwvm'qrb'a Ryl
(gradi ent ofegRlirdl bRRBUNEH Bie A5RESH §6I{/&1t%Flc5Néoooy55t8r~'ﬁlzBNoer§5} Mlﬁ?aﬂltra‘ttt)her

concentration of fractjons containing the expected product’ under RP, 47.1

mg of LDMW4- A§I59|V3FiE(§4’9@QQHE§eéR:F‘?V§?é’§G%§’?@F %’E\“@e d%ﬁ‘Péﬁ’rt?é‘ﬂbefﬁr?q’téaW‘Srm of a

white soli ddextﬂd%e'\@§($erélpét¢tbﬁ& ér@the Ilﬁg-aslw&lelasrﬂ EbmblthHN&ité‘reof Wfﬁtaﬂﬂ-73 1H
NI\/R(SOOM—IZ orof orm 29 ;1,18 a 1,39 (m

13 H) ; 19, 49455 twﬁﬁbe(taﬁefeiaw fo ingluggisp ricipais ¥ 391349er pelygigolals, oz H) ;

1,73 to 1, Sgoélﬂ'rln chidiie i |n ﬂae%@ oditi&® Thiese éorh%osmc%sltgag(ﬂso éorﬁé‘m%d]ﬂl'anté
2,40 (m 1 ; 2,51t 65

3,07 (m 2 rticuls Watting, 5SazG, Uity dispersg 4 SIE G ROSNSLFEH e, 23 (s,
3 H ;3,36 (:émp@smcﬂfé fb‘)parerﬁe@la&rﬂtmsﬂr‘aﬁ@rﬂ-m'é%als@a Hé)prepé’re@fh tﬂe$or§'20f(st6rllé-3 H
3,86 (t. J=6, 4 H 2391 a 3 99 ) ;4,28 (¢,
0 b 1 TS0l caringsiighy iaich 2ay s psolietipt e tmé pf Use i SIEkie waten a1 1
S5, 49 t other PfectdBle Sehle meduR8 (dd, J=9,1 and 15,0 Hz, 1 H) ; 6,24 (51 1
6.43 (dd, JZ11,1 and 15.0 Hz, 1 H : 6,66 (s, 1 H : 6,77 (d, J=11,1

1 H) ; 67188 dbSes depdhd odthd aeéﬁeﬂ’reﬁﬁélr ki RRath of the treatment and the route of
2 {2 12- (4- br onp- but - 2- envi oxv) - et hoxv1- et hoxv}- eth oXV) - groplonlc acid
i 0X0- p grrnmle,tr@ltlﬂn psqﬂ thayrake geperally between S5 mg a d 1000 mg per day for an

adult with unit doses ranging from 1 mg to 250 mg of active substance.
In general, the doctor will determine the appropriate dosage depending on the age,

25  weight and any other factors specific to the subject to be treated.
Therapeutic methods of use

In another embodiment, the present invention provides a method for inhibiting the
EphA2 receptor activity by administering an antibody which antagonizes said EphA2
receptor, to a patient in need thereof. Any of the type of antibodies, antibody fragments,
30  or cytotoxic conjugates of the invention, may be used therapeutically. The invention
thus includes the use of antagonistic anti-EphA2 antibodies, fragments thereof, or
cytotoxic conjugates thereof as medicaments. In a preferred embodiment, the
antagonistic anti-EphAZ2 antibody is the 2H11R35R74 antibody or a humanized variant

thereof.



BrQO , . ?0. “,0.,,,,".."/"..0.0"?,...,J1% o At RT, 200 ngy
of 3- (2 {242 (4 brom) but 2 enyI oxy) - et hoxyFet hoxyl - et hoxy) - propi oni ¢ 25
acid, 4 rwoap1id3m2and 232.3 ng of supported DCC (2 equi PalrgR28)/03HZ
successwely introduced in a glass vial. After 1 hr at RT, 64.8 ng of NHS
are added. After 5 hrs at RT, the crude fRaction mediumis filtered on
sintered glass, solids are vvashed with DCM and the conbined filtrates are

concent r at egh § grefévdteSAbsHNABAL, BRibodies! &dt®aky REgMR¥NtE] Aotk kaRdty on
15 g of sili caﬁargelr (gradi ent of |eoutl on Cf—l %:Mn O?S}to 30@@

vol une), anéhedByréinn A ¥ fer thetrggime of QBM@@PW“WgattVﬁé"S@Rq%& @&%ﬂ?’%@iu@t
under WO 2@%@%9&‘34@@%%&%9&9{ gﬁéﬁg%e%aﬁ%ce@f éé?'bgl%goé]ﬁ)n@!jl&:fosed

3- (2-{242- (4- br ono- but - 2- enyl oxy) - et hoxyFet hoxyl - et hoxy) - propi oni ¢ aci d
2, 5- di oxo- pPPP\§ PBA Whichyeenigdnsean qrﬁlbe%amlb%y-fm@@nem%pt%woawateﬂéd in

the for g of 1@ |F’?\?’érﬁioﬁ% hQéM f(’)‘r khe tp@a"?rﬁeﬁﬂﬂ%tﬁyﬁer%g%hferaﬁ@dléorg& ifamaminiyt-d +
nl z 454/ 456 ; Na] + E n z 498/ 500. 51f. 4

Prepar at i on'SoqlscBa'( QUIPQQELBOHO‘HP%WBWM‘—" aldhg pBiRPAles: AUIBPY ERamRYts. @tthoxv) -

propi oni ¢ aegjdiox dBhfughtes f fhg'h‘ﬁ\,tntla:rca@al%@bb!tu's@@td)rfnaﬂe 8 nffdicament to treat
3- (2-{242-(4-Dbrono-but- 2-enyl oxy) - et hoxyFet hoxyl - et hoxy)- propionic acid

tert-butyl &3fdyrerpeninsaibiedisodeniapimnamesl. Inond empodipaniaihg disasgderds apcMm i s

10 stirred @é‘rﬁde‘ﬂgn%ahfcﬁlar el A nisGrReRBtfia L8k e OTHE JHiBSSies! RABbOdFP- The
oily residue is diluted with toluene and concentrated to dryness under RP

af f or di h¢y 8539IMmGNiss arsl qupatexic conjugates of the invention can also be used fo treat the

[ 2- (4- bromhgwasgulg%t@ﬁb?seﬁ& Baaek tghdroxyl - et hoxy) - propionic acid in the
formof a brown oil. Exanple 1q: Preparation of conjugate

hu2H11- PEGA Ak mBlyHthe breRhdsaac S cBM%b&ﬂorBEﬁhé\JH&@m@N%r&Qééfm ibthePr epared in

a manner simlar to exanple 1 : under stlrrlngJld of hu2H11 (8.52
ng/ M i n bufreaimes; oy %remi@a of gyanety ofcancest ing fr@r(bM\t ”%"@‘igd )t HEPES 1M

0.7 m of DM‘ﬁowfn%O\lé}%Qma}’maquaétHﬂt o@fhe%lé]d?jeWMrMo%wnUhUﬁéy Qi‘/er lung,
L- DM4- AcNH PEG4 HS activated ester diluted with 0.128 of DMA. After 2

hrs at B, CHEYRAGENFRPTALT: sce(:"d?héré’rﬁ?'?j&f‘@ék'an'”ﬂHﬂ'ESﬁqﬂa'H?US Ry cprTPneg:

buf fer eXChﬂQl%ﬂ) We’h@tdﬁ%'@ﬂ hou@ﬂin&@% eI guUBTke nad th dute 1gnbb 5|f|ed on
a5 m Zeba col urFr)n Ifyﬁ@ 2H11- PEGA H,gg Con{Iy ggl!tng c(xgm

mg/m) was {%gm@@@awtﬁésﬂnphpﬁ@s%keph@a@eBTC@"{mmoa}@awf& HhomA ATk ug

| oad and ”Dl}%fﬂiﬁlbh% pié?ﬂétdbm&%@urﬂﬂ@'dﬁiy%lddﬁe@@é‘ |@Iud|n@é&té%ch@n@ DAR
(SEC) = 5. 6; 15.387 mn ; nmononeric purity= 99.7%; HRMS data : see

Fig. 17. 25 EW§IAgPRous LTI andprogT elos e WM BHESRRyesensiv Rl origint y by

hu2HL1R35 R7 th MRy fibrbsarcnsh ARt inadgorrdscalcom@s ohBauMdd, Bdlidisy m¥Bnoma,
2011/ 039724PCT/ 1B2010/ 054422
seminoma, tetratocarcinoma, neuroblastoma and glioma; tumors of the central and

peripheral nervous system, including astrocytoma, neuroblastoma, glioma, and
schwannomas; tumors of mesenchymal origin, including fibrosarcoma,
rhabdomyoscarama, and osteosarcoma; and other tumors, including melanoma,

25  xeroderma pigmentosum, keratoactanthoma, seminoma, thyroid follicular cancer and
teratocarcinoma, and other cancers yet to be determined in which EphA is expressed
predominantly. In a preferred embodiment, the cancer is a cancer of the lung, breast,
colon, prostate, kidney, pancreas, uterus, ovary, cervix and lymphatic organs,
osteosarcoma, synovial carcinoma, a sarcoma, head and neck, a glioma, gastric, liver

30  or other carcinomas in which EphA is expressed. In another embodiment, said
pharmaceutical composition relates to other disorders such as, for example,
autoimmune diseases, such as systemic lupus, rheumatoid arthritis, and multiple
sclerosis; graft rejections, such as renal transplant rejection, liver transplant rejection,
lung transplant rejection, cardiac transplant rejection, and bone marrow transplant

35 rejection; graft versus host disease; viral infections, such as mV infection, HIV infection,



92 ATCC (ref. # CRL-5803). Both cell lines were maintained in Dul becco's
nodi fi ed Eagl e nedi um (DVEM suppl enented with 10% heat inactivated foetal
cal f seruwopand/@912 L- A n. The reconbi nant nouse Ephri nPAT/IB16/6%4822 ul ar
domai n/ Fc chi nmera (EphrinAl/Fc) was obtained fromSigma (ref. # E 9902) or
fromR & D Systens (ref. # 5602-Al). The’hnti-Eck/EphA2 clone D7 anti body
(Ab) and the anti-phosphotyrosine Ab 4GLO0 were obtained fromMIIlipore

(ref. #05- 4@ andc OanPedrasitsiRRetidnselyon ask %d@%@émb@&ééﬁ’%cﬁ@f&f%ﬁﬂlasﬁb was
generated at I nmunogen Inc. It corresponds to the chineric version of the

ant i - Kuni t zaspghesnastdsipanined Bnprg efordingry(skilin therart ref # HB9515) where
the Ig heavg and |ight chain constant regions were replaced by the human K

| i ght 10chatHni@ny. thapeesep! INMeAHiP) PEMFes.a mﬁﬁloﬂé@d%blﬁ&%ihwom§fﬁekepﬁeided at
| mmunoGen (@amépdlé%n#a&?asnﬁag cérftéﬁrhgttﬁrbytrc%l@Lu@%afet@maﬁmﬁ@ tdrdi28 R Wil | s

transiently transfected wth an expression plasmd for the heavy and |ight

chai ns. The2R&HarVeem ARt oL WO%§”HQ@M‘C@9{W%‘E o9V 9N dite ﬁUﬁﬂllR35R74

(lot # LP0997e%)3nMﬁ\v&meﬁW%%ﬂmt.a@dﬁaﬁm&ddy%ég%hﬁorferme}a%aﬁt! Ygdnht aosheshed
Lonza Chi nese hanster ovary 15(CHO)/ | i nes Abs were puritied

from cul t ur @ ¥RIneEniges Wh%fa\"qr}‘ﬁ Qryn ePPBIRATBHIEPPETYIYPPEE 87 therPstithar ose
fol | owed bya?&\tgn exchange chromat ography according to standard procedures.
An addi tiona hromat ography step was performed on ceram c hydroxyapatite.

Al prepar atrheRfet&f Br mhpitRg thd grbwhtBst stlechld adthobantisth dAbd sractRRd et oxi n
| evel s by using the kinetic LAL nmethod. The anti-actin anti bodé%ZOCl one C4

was frohd M VtopBrneo peex vivo hepssd hereimniahipiing,ajemlemepey slewifodbrgonthyoat

anti-nouse bgkcéh d@@r‘éa&h@ﬁblﬂﬂﬁﬂﬁﬁlﬁ?%du@iﬁ%ﬁ@é 8SRAER cblf, §fsingta dParfdBRd RN -
| nducti on of Bhosphor yl ati on NDA- MB- 2 |s were plated in conplete

medi um i n PEeodgah whehesiongr 3 shost aftlgag B@'iOds‘éfﬂmee) at 3 x 106 cells per
pl ate and incubated _for 48 hrs at 37C in a i ncupator. 25Cells were

serum st ar vEJRTBIES PBINHIE Ui '%ﬂ%%eeﬂﬁ‘??é’ﬁ‘?f‘&? of ?E*é‘loéB“%\P?rPP Rag R Prigt toHleiH1 1-

R35/ R74 10 n@ﬁgﬁtarﬂrntmﬁdwsa!ﬁmbat@ﬁﬂ/nl%ﬁd@ttoRmmweabecn@r rlmalngntaﬁt llBf theathed€ C.
I nhi bition of phosphoryl at.i ﬁ rum starvye A- MB- 231_or NCI - H1299
cells wie wa%‘gﬁdi' HOWPE teNRTfla”S ety 'BPquﬁEé%'_‘L'EIQQ@R‘?tE”EEGG'L?QEI"\?LF)re‘ieWHrs at

37C. Ephrin fﬁ%rmhdsba@eaw@/m) trepeiofts FRaNduiaréd & dﬁ@érﬂokmraﬂlf&@ﬂs
i ncubated 10-30 mn at 37C. Preparation of ti]ell extracts

2011/ 0397249@%@2@'%[%‘@4‘?%39 t@Q ot eXpreP e R8st AioFR<A Yy k'BP{aF'%'BS Hipt
scrapi ng, t@ﬁ;ﬁfg{;@gﬁ@@.re@b@ngba mL coni cal tubes and centrifuged 5 mn at
1300 rpm After one wash with 1 x phosphate buffered saline (PBS;

| nvi trogen #héé&&ﬂﬂor@;&if Insn \6fi€al e Sitts De& ertrebbily3¥erfingdf by otfd & Jpdihérg skl
(Bi osozé{f t& FNNOO11) ext enporaneously supplenmented with 1 nM _
phenyl hyI"sffBHonyl 5fiuoride (PMSF), 1 x protease inhibitor cocktail
(Sigma ref. Exarﬁ%lé%dé C|%I?C%| :eLx v1v<|)_|%|sé are to remove tumor cells or lymphoid cells from bone
marrow prior to autologous transplantation in cancer treatment or in treatment of
autoimmune disease, or to remove T cells and other lymphoid cells from autologous or
allogeneic bone marrow or tissue prior to transplant in order to prevent graft versus
25 host disease (GVHD). Treatment can be carried out as follows. Bone marrow is
harvested from the patient or other individual and then incubated in medium containing
serum to which is added the cytotoxic agent of the invention. Concentrations range
from about 10 uM to 1 pM, for about 30 minutes to about 48 hours at about 37°C. The
exact conditions of concentration and time of incubation, i.e., the dose, are readily
30 determined by one of ordinary skill in the art. After incubation the bone marrow cells
are washed with medium containing serum and returned to the patient by i.v. infusion
according to known methods. In circumstances where the patient receives other
treatment such as a course of ablative chemotherapy or total-body irradiation between

the time of harvest of the marrow and reinfusion of the treated cells, the treated marrow



phosphat ase i nhibitor (Pierce ref. # 78420). Cell extracts were kept on ice
45 mn wth occasionnal vortexing, centrifuged 10 mn at 15000 rpm and kept
at -80C uwDi201fo3p12her use. Protein concentration was detPemraBroaeioiag22 he

bi ci nchoninic acid (BCA) nethod using a kit fromPierce (ref. # 23227).

101 mrunopreci pitati on A pre-cleaning stebzof cell extracts (0.3-0.5 ng per

sanpl e) was performed by adding protein G Sepharose 4 fast flow (GE

Heal t hcar e bb(isearSStRaSRSzen8h ligdfd AtBBdS uSAY sféh@é(ﬂd%@dl&'al%auleehf ated in lysis
buffer (1 hr at 4C on a rotator). Incubation was perfornmed 30 min at 4C on

a rotator. 56%” 2l Wi l%%”ih"e'af'tl thedd; bike Jm%dy]#aﬁhﬁ)&itrlﬁtﬂ@é‘t wer e
coll ected and i r?cubat (Iad over " ﬁfd%/on a Idr‘tgg(f}itorﬁ’]\% tnh t e anti - Eph

Ab
clone D7 (4cyptoyisicoshgpiess the 'ﬁﬁ%@aw@bbwlﬂaﬂ%ﬁswa'gt'%rth@tr%éewq fﬁr Protein

G Sephar ose strifity andforkrdeidxR Ié@l@@émp@%'ﬂ%@i&b@ﬁr@t&:@@t& Ej @R~ cdnjulgBteat
1500 rpm at 4C and washed 3 times 5 mn with E' ysis buffer.

| nmunopreci pAMKYSIRtieR A ielevs. Sonkisaiegae 9wewes 51 gk Vi PRIUS anpl e

buffer (I nvigh&p@esk. ra%ius dbs8H B rbm%@nshemb%rmaﬁ QaﬂNeE’é\@E.chqﬂe%nﬂ agent
(I'nvitrogen ref. # NP0O009), heaied 5 mn at 95C centrifuged 5 mn 1500 rpm

and kept at Ofwrb?erw’tﬂ'w'é&af‘@eé\d%@ rasReseYilide 1%%&%1 0cm9 PPy
| mmunopr eci phkHif&tion, .Qegé B@@fm@%@ tmrrﬁg/k@aéredﬂay?mn&e$Téf8Péb@l 8odddes wMl di

gel 25(| nV|trogen # ref erence ecul ar wei ght narkers (GE
heal t hcare [319€ o @Q\H@éo {503an Mopinigtrmahasigsagascyill 5196 @8 $ Meele 2[96'?‘9 ormed 3

hrs at 1$0 YsbolReclQRs tuih &, the baﬁérﬁ\ébﬁ ESAR e & Feceie NRARHER on

El ectroblottin performed on nbranes (I nvitrogen ref. # LC2007)

with an ibl W%vaaﬁar%%w(ci'www%% Wuglrwrw%r@r@rﬁf@dmm@r%@m ng of the

menbr anes W@ﬁc Qﬁtfsodlﬁ%ﬂts' 6'035%55_ tifes( btc€ car bk Heted @Rty ond &@fdlﬂ%/ Skigre ref.
# T 5912, 1% Tween gtma ref. # P1379) suppl emrented w th 5% Bovi ne
Sﬂ

serum al bum‘trHa art_%@lelcﬁﬁ'c% HatievalFAnts: EphA2 Ab cl one D7 or the

anti - Phosphot yrosi ne 4GL0 Ab were perfornmed over night at 4C in the sane
buffer. Lab&¥3RgS¥Gth anti-Actin Ab clone C4 was perforned 1h at room
tenperature._ WD 2011/ 039724PCT/ 1B2010 54422 94 After subsequent washi ng
of the MenbrBRERIRAYES of aptigsyfragmanioieninvertiontan dRakfobieste IRt per f or ned

using the P@pamw&%ﬁ@cgo@ém@em vilfOBs R R, &rwhet@ﬁb&%em thefdn@IrB gRaki n
El mer (ref. NEL 104001 P Lum nescence was re a_Fuji 4000

appar at us. enfﬁwmst%th%'amtpaﬁreovsqdﬁe ds BT IRe 1SyEY Qj?ﬁp@&gbﬁﬂgswrh W2H11 or

hu2H11R35R7 4elhserines fromvBs tisgat moth pr@feMBﬁ -Mibbaim&r] the tivsigg aldseagbd nant
Ephri nAl/ Fc _as a pos:eif; ve control. Resul t%egéae resented in figure 4. No

i nduct i on ofS$oLihBY read; SpPQANTIER o theBe $U§ ISAVUBPT QREDIPRRY Abs from
lg m R 2@| 2ttrrerr@ofWﬂlalt ;ﬁefeﬁ@@@bdb@ﬂﬁﬁerﬁbhihbﬁﬁdtﬁ&ﬁ a tdus Bela Bgﬂ;@.ﬁihreﬁﬁw%s f{r?]t
posporya|Qn e ecline o e
signal star EFHRpd oraamatlgwdagf@sé&gﬁsa?f%w%%ﬂn fh’?et'Sﬂé%eﬁblepsybC@@. heR Bg to be
visible at Jefefriined Maminirh@ibaebay Wigth PRCHABEIIYE it drtiBo®f frihés af ther

i nduction b hr| 1/ Fc was.i nv igated i.n NC 99 and MDA-MB-231
cells. Resu?/rt"g Q HESYUGH X BIQPSY heg?f%één%eﬂoaﬁ%%g% ﬁ he)83me ggthad can

pr ehi ncubat b@ﬁhs@cﬂ td c}!‘eﬂerﬁﬁﬁé Sthiak @rbp@dﬂys of the fE@hAE@rd}&ﬁ/ $Udhiddiits@slel of tyrosine
15p ospggry osp Ic1)ry atlo}[’l cell sFl)J ace Irevels or celllﬁgr Ioganlrzgt?opr\ll Fe.

The above-described method can be used to diagnose a cancer in a subject known to
or suspected to have a cancer, wherein the level of EphA2 measured in said patient is
compared with that of a normal reference subject or standard. Said method can then
be used to determine whether a tumor expresses EphA2, which may suggest that the
30  tumor will respond well to treatment with the antibodies, antibody fragments or antibody

conjugates of the present invention. Preferably, the tumor is a cancer of the lung,
breast, colon, prostate, kidney, pancreas, uterus, ovary, cervix and lymphatic organs,
osteosarcoma, synovial carcinoma, a sarcoma, a glioma, gastric, liver, head and neck

or other carcinomas in which EphA2 is expressed, and other cancers yet to be



We can conclude that hu2H11 and hu2H11R35R74 have simlar inhibitory
activity on the EphA2 receptor. Exanple 3 Bi ndi ng Characterization of
Conj ugat esl0Ant1/03ERA2 Anti bodi es, hu2H11R35R74 and 20huZPHIAB20THY@S4422
interaction of the anti-EphA2 anti bodi es hu2H11 and hu2H11R35R74, either
naked or conjugated to DMd with the PEGAINHAC |inker, with i mobilized
EphA2- Fc was nonitored by surface plasnon resonance det ection using a

Bl Acore 3009eteﬂﬁinéufrewmcﬁ @Eh}a@@é@?&rssd NddR#danty EphA2- Fc (10 pg/m;
Acet ate buffer 25pH = was coupled to the matrix of a O sensor chip

(GE heal t hC%@gFﬂ%‘eﬁﬂQ%rﬁ@n}ur%r HRVRIsS R dtRiclBaPartbafearflnfimizeg coupl i ng
protocol with EDC (N-ethyl-N -[di nmethyl am nO{)ro yl ] carbodii m de)/NHS

(N hydroxys@6@9%*!%ad‘é)ep't%b'ﬂé'ﬁélfﬁaﬁn\%§ theyget Hp1 8 Tythesfpbieledfeads®dn r esponse
| evel of - 19&eéﬁ;m9@$a@nu§uctai>$(&ﬂbns Nn bieigtdLeboiinBBtsCMBeINTRY @didldieh Wer e
diluted in 0.01 M Hepes 4 containing 0.15 M NaCi, 3mM 30EDTA, and

0. 005% P20. aAPP“’@U%@ea&hrrﬂmQH’ihPEﬂ PBHeaqlRy aderi@eaimeiRIne-sane buffer. Al WO
2011/ 039724PCT/ 1B2010/ 054422 95 bi ndi ng experiments were perforned at 25 C
with 1gG coﬁd’@ﬂf‘?@fqré*i?éinf’?ﬁi%adw QFOP’gﬁ@l'W@mPP §aifsepales ntibodigs gt erjloPFow r at e

of 50 pl/m BindlAtraghRIne tﬁ@r‘e'oﬁQrte%djnfl|ﬁl§te?élptb%dﬂi]%fc%0’sfé8temoﬂhé@ngﬂa Bancer,
association tine and 10 m n di ssociation tine pul se at 30 pI/m n

of 1M NacCl, 289 theisiEkyionend theslabel vathisy thg LAdy gt tae sHyeckif Mege4wed P§Gs were al so
fl owed over pwpittvegoat ed cell and the sensorgranms fromthe blank runs were
substracted fromthose obtained with EphA2-Fc coupl ed chips. Data were
fitted 4@ akk: 1 Langnuir binding nodel with drifting baseline. This

al gorithm cal cul ates both the kon and the koff, from which the apparent
equi | i bri umrdé pessehsihidHlios @RStiRdlddSRits] &g dedﬁs@sihg% déé‘tﬁlbé@byt@tcﬁfe the t wo
rate constants koff/kon ,Thg 10val uefs obt ai ned are | Cﬁt ed bI e l.
The affi ni t §OUBIRIE A NRYLCtions ?”H%H%%PetBeWPF?Xk%%OHJUHai? El”ﬂ QM&F’%W
hu2HL1R35R7 dell #ipad. e snddfuctidies hayidtinge dréaions fdrwding thd eytéipkideomaggieym a KD
of 0.30 nM this value was simlar to the KD of hu2H11R35R74 (0.22 nM.
However , m¥W° @rﬁ"ﬁ’g%{teé'd”"é’ntl bodi es were used in the assay, the results

were dr caII i ffer co ted 15hu2HL

i ue- ¢ olot THaY: ek el e A Cohaa e ca BTy Recyigipioatlglr- 8h 1ol d
\r/]vheg cogpa[< eylotr?aucﬁldmaﬁ@aﬂeedayam lnm)@yspr(nlzegzomi\/lnq@d f&m30r BﬂHbrfg)@S atrﬂwndéblbe][ -
an t he t he u ugat e at a to-anti bo I‘atIO (0]

ho ot e 1 Rebeiie MARERA TR RE Tot d sl iss edtin aorin) e romiaered 1. 52

Mor eover, t bfaclf& W@E‘mdﬂﬁbd gégnibéd oarid mstmd’tumg iAnhe kiQrsuch ugtetrmzeamcmh@dy
ratios rangi %e th t he afflnltmhof t he
IHP (5]

2H11R35R74 & f ; OC‘] F%g ?,jyppg '?eéjc?‘@@eeﬁ ﬁor Pahinigg wi

hi gh- dr 2g- t@ytamlcbmdwgét@tprmto ﬁmmsteangtd alpahnrttlamjtcélsgrammnof EphA2
expressi ng th I tcel ltﬁ bg .hgl%ac[n zed 2H11R35R74- PEG4A- Mal - DMA 251 nhi bition
of Lovo tunBPMEE'?E9'89 6N %%Ip?tée’ktZOOO per well) were plated in 96-wel |

ti ssue cult ates in co Serum co a. .Conj ugat es were
serially d Fh?gﬁesgﬂwwgaaf‘é Fefesite EHORR R SR CoRPFER P one.  ang! ng
bet ween 10-7 and fZ)‘%M Cells were cultured at 37C/5% CO2 in the presence
of the antibody- & ?8? gwgc%%d%}nd conj ugates for 5 days, after 30wh| ch

nstructions (Dopl %nt%vperwﬁ%%"ﬁ%nﬁ {PEm e deqidfy PORE HiFe et
survi Va&S and gr Og}%]hagg%r pac&age |F1§é3}9§c91ttal%oa\Nmnvs\gld pa%kg) r%%faega Fmgcr@l [he test

wel | readi ngs an
that said antibody or epitope-binding fragment thereof is effective for treating cancer.

EXAMPLES
Example 1
Preparation of conjugates
30  Conjugation of 2H11R35R74 to DM4

General synthetic schemes



WO 2011/ 039724PCT/ 1B2010/ 054422 96 data were plotted as surviving fractions
obt ai ned by dividing readings of the conjugate- treated cells by the

aver age ovorerdispts from control wells of vehicle-treat @8TdB2016/054F10e
cytotoxic potency of two lots of hu2H11R35R74- PEG4- Mal - DMA at hi gh

mayt ansi ne/ anti body ratios (6.70 D/A and’4.00 DY A) was conpared w th that
of a wild- 5type hu2Hl11l- PEG4- Mal - DMA conj ugate having a conparabl e

mayt ansi ne/ @Qg,lng[édﬁé hadH PIRIBRID-AEAY-NHAS- Wy be seen in Figure 7, the two
hu2H11R35R72- | - DM4 conj ugat es showed hi gher potency than the
correspondi ng conjugate of the WI | d-type hu2H11 agal nst the EphA2-positive

Lovo cell line (Ta ol o~o_ A 2130 \oposf growth of EphA2
expressi ng tunor cel\r/u\§ humani zed %Hll 5R74- PEG4 NHAc- DMA | nhi bition of

growt h of NMDA- MB231 and SKMEL28 CeA(PEG)an expone®xial phase of growth were
trypsini zed and resuspgnded in their respective culture medi um (DVEM F12
G bco #21331; 10% SVF Gi h¢grdh,6RAScATY, 15 2nM G utam ne G bco #25030 for
MDA- MB231cel I's; DMVEM ( Qi Bepyg# ’11960) % (% SVF G bco # 10500- 056; 2nM

d utam ne G bco #25030 |for SKMEL-28 cells) . Cell suspension was
distribused in 96-well YCytostar culture plates (CGE Heal thcare Europe, #
RPNQ0163 ) in conplete serumcontaining nedia at a density of 5000

cell s/well (NMDA- MB231 SKIVEL 28) After coating for 6 hogt s, seri al

di l utions of corgrn"a“e d’F\pHO t concentrations
rangi ng between 10-7Mland 10 12 M Oells wer e cultur d C5%CX2 in the
presence of the anti Body cytot oxi ¢ conpound conjugateg”tof 3 days. The 4th
day, 10 pl of a solution of 14C thymdine (0.1 pG/well (Perkin El nmer #
NEC56825000) was added |t d-B¥Mé¢h wel | . The uptake of 14C thym di ne was
measured 96 hours after| tHéAexperi nent has been started with a mcrobeta
25 radi oactive counter [(P¥FRin Elner). Cell-free reagent blanks were
substracted fromthe test well readings_afd t| data Were plotted gs
surviving fractions obtjai ned by dividing c nj u(gat treated
cells bygthe average of| readi ngs fyom /\4{1 ed
cells. In sone experinments, the na anti body (2H11 “or was
added to the wells at a concentRatjlon @f 1 pMat the begl nnl ngoof t he
experinment, 30and inhibiti on of oNferation was neasured as previously

descri bed. Results ReSll t|s table 11l suggest that the
2H11R35R74- PEA- NolAc QWA _N > e 2H11R35R74- PEGA- Mal - DMA conj ugat es
are better than’for \pp 2011/ 039724PCT/ 1B2010/ 054422 97
terms of in vitro p on on MDA-MB231 cells and in vitro
selectivity against aptigen mnus c ( SKMEL- 28) Exanple 6

Phar macoki netics Stud Z

o

15

Antibody
Buffer, DMA

| \N H S\in/\,[,O\/jrg/NHAb
0% o)

20




5The present study was designed to eval uate the pharmacoki netic behavi or of
t he hu2H11R35R74- PE4- NHAc- DMA conjugate (DAR = 5.5) in conparison to the
hu2H11- SRDB-2D\H3e2aj) ugate (DAR = 3.9) in CD- 1 nmice. AnirargBroaeesszd 20
ng/ kg by IV route of each conjugate and bl ood was collected at 0, 8, 24,
48, 72, 120, 168, 240, 336, 504, 672 h pBxt-injection. Plasma |evels of
anti body drug conjugates were 10 neasured to establish basic single dose
phar macoki neti ¢ paraneters under standard conditions. The plasna
concentrations of conjugates and their antibody conponent (total anti body,
a sum of conjugated anti body and any de-conjugated anti body) were neasured
by specific—EﬂﬂgﬂlﬁéﬁyﬁﬁTﬂﬁ§§R7¥ﬁgﬂ%¥y@P9H@e-reIated phar macoki neti c
paranmeters for the antibody conponent of 15hu2Hl11- SPDB-DW4 (total) were
calculated to be O (clearance) of 0.00043 L/h/kg, T1/2 (term nal half
life) of 160 h, AUC O-inf (area under the concentration tine-curves from
time zero to infinity) of 47,000,000 ng.h/nm., Vdss (steady-state vol une of
di stribution) of 0,995 L/ kg and CO (concentration at time 0) of 270,000

ng/ L. The pKarhacokimetic paraneters for hu2HL2- SPDB-DMA conj ugate were
cal cul at®d to 20)e e yf o7 0e0 e W«@/Wjﬁ h, AUC 0-inf of
28, 000, 000 ng. h/%L, Vvdss of 0.080 L/kg and CO°of 0, 000 ng/nL. The PK
paraneters for the antibody conpoff¥ff*of hu2H11R35R74- PEG4- NHAC- DM4 (total)
were C of 0.00027 Lik{ kg, T1/2 of 190 h, AUC O-inf of 73,000,000 ng.h/ni,
Vdss of 0.068 L/ kg amd CO of 530,000 ng/niL. 25Finally, the

hu2H11R35R74- PEG4{ NPAE - DMA conj ugat e showed val ues of: 0.00036 L/h/kg for

clearance, T1/2 of 150 h, AUC O-igf o , 000, 000 ng. h/nL, Vdss of 0.069

L/ kg and CO of 600,000 ng/m, | on¥| ysi on, thu2H11- SPDB- DMA conj ugai e s
cleared faster than hu2HLI1R3 - PEQF NHACY DV, “EUNrhar mist e Conpyr ey i t h
hu2H11- SPDB- DV, hu2H11R35 SOPEGR NHAc- PV4 showed a better exp8

(AUC 0-inf) and a nar rowerg’separ ation between the total conjugated anti body
and total anti bogy Jqumwd gorpare figs 7 and WO

2011/ 039724 PCT/ 1BJ01p/ 054424 98§.i=Exanpl e 7 Antitunor effect of
hu2H11R35R74- PEGA- N 'u2H11- PEGA- NHAc- DMA conj ugat e agai nst a
pri mary col on tunor Pl%'bnpl anted in female SCID mice 5 Materials
and Met hods For the ¢ anti-tunor activity of conjugates,

ani mal s were wei ghed dai Iy and tunors were measured 2 times weekly by

cal i per. Tunor weights were calculated using the fornmula mass (ng) =
[length (M) x width (nm)2]/2. Antitunor activity evaluation 10was done at
t he hi ghest non toxic gQ§e (HNTD). A dosage producing a 20% body wei ght

|l oss (bwl) at nadin didalaof group) or 10%or nore drug deaths, was

consi dered an excessively toxic dosage. Ani mal body weights included the
tumor weights. The|primary efficagys points are AT/ AC, percent

NH Ab
) N\/ﬁorN\/\o/\/O\/\o/\/O\/ﬁc!/
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20 Method A: High Pressure Liguid Chromatography — Mass Spectrometry (LCMS)

Spectra have been obtained on a Waters UPLC-SQD system in positive and/or
negative electrospray mode (ES+/-). Chromatographic conditions are the following:
column: ACQUITY BEH C18, 1,7 um - 2,1x30 mm ; solvents: A: H,O (0,1% formic acid)



medi an regression, partial and conplete regressions (PR and CR) and Tunor
free 15survivors (TFS). Changes in tunor volune for each treated (T) and
control (VWP ar@3grkcul ated for each tunor by subtracti ngCrhB2onounsa22/ol ume
on the day of first treatnent (staging day) fromthe tunor volune on the
specified observation day. The nedi an AT7%/S calculated for the treated
group and the nedian AC is calculated for the control group. Then the ratio

20AT/ AC is Qabﬂ%ﬁt(@d"/%ﬂni‘%@fd é&@'mﬁ?‘eerﬁp&@fu?@%@@eﬂome%‘é'E{I/rmﬂ' O %
AT/ AC -1, x 00 nedi anS - dose i's considered as therapeutically

active when9mpient(3 @in)digsp 5tt%§ﬂ%4ﬁ% iaidineryd mét i108% W En 149 m: i180%eier
than 10% | & -AT#8Nqid: 8o @qwer than O, the dose is 25considered as highly
active and the percentage of regression is dated (ref 1): % tunor
regression: is defined as the % of tunmor volunme decrease in the treated
group at a specified observation day conpared to its volunme on the first
day of first treatnent. WD 2011/039724PCT/ 1B2010/ 054422 99 vol unet o-

vol une ts5 % MREHESS: HiGh Pedsstige Lidi® ChysphatbphPamMdsaISpeesestti @CMBR) :

Regr essi ons are defined as partial 1T the tunor vol une decreases to 50 % of

the tunor v at the start of treat t. 5Conpl ete reqression ;
Conpl et e re§ & avye; tgeea@ﬁ??aén\;\éjoo% t‘?rg%g)r SX??%?EDQS”UGW@’ Eiﬂ econS| dered
when t unor é@bm@@r@amboé (E&Hr)ecmrodeddgraaﬂ?&;orﬂaitrme aferaefblmmﬁtﬁj.lcaledmas t he

st 1 eat mR IORCLAPR U AL RER SR AT FOQD-ob A A BT AL, Dl

-conj ugate mmld‘atﬁ’d-ﬂddRﬁﬁRYefinpd?EtiGﬁbf BT + W rane ), @ wrimia @ddiaht @l rliaggronesel s
agai nst a on t r, CR.LRB- strongly expressing
target, 1@ m; ?S(#{)‘? %%nfggm%éloé Aot B T OSomty gQ°8f%up was | eft

untreated. Doses were expressed in mlligramof protein per kil ogram
hu2H11R35R74- PEGA- NHAc- DM was admi ni stered at 40 and 10 ny/ kg, by 15an

i ntravenous (1V) bolus injection, on day 15. To give equival ent dose of
DW4,

Method C: deglycosylation and High Resolution Mass Spectrometry of

immunoconjugate (HRMS)

Deglycosylation is a technique of enzymatic digestion by means of glycosidase. The

15  deglycosylation is made from 500 pl of conjugated + 100 pl of Tris buffer HCI 50 mM +
10 ul of glycanase-F enzyme (100 units of freeze-dried enzyme/ 100 ul of water). The
medium is vortexed and maintained one night at 37°C. The deglycosylated sample is
then ready to be analyzed in HRMS. Mass spectra were obtained on a Waters Q-Tof-2
system in electrospray positive mode (ES+). Chromatographic conditions are the

20  following: column: 4 ym BioSuite 250 URH SEC 4,6x300 mm (Waters) ; solvents: A:
ammonium formate 25 mM +1% formic acid: B: CH3CN ; column temperature: 30°C ;

flow rate 0,4 ml/min ; isocratic elution 70% A + 30% B (15 min).

Method D: Analvtical Size Exclusion Chromatography (SEC)

25 » Column: TSKgel G3000 SWXL 5um column, 7.8 mm x 30 cm, TOSOH
BIOSCIENCE, LLC Part #: 08541

> Mobile Phase: KCI (0.2M), KH,PO, (0.052M) K,HPO, (0.107M), iPrOH (20% in

volume)

» Analysis Conditions: isocratic elution at 0.5 ml/min for 30 minutes



hu2H11- PEG4- NHAc- DM was adm ni stered at 44 and 11 ng/kg. As shown on Tabl e
V, using a single adm nistration schedule in CR LRB-004P tunor,
hu2H11R35RD20 ARGA72MHAC- DMA was active at 40 and 10 ny/ k@CRIBR16054422TLL. O of
28 and 39%respectively while hu2H11l- PEG4- NHAc- DV was active only at 44
my/ kg 20with a .L.-1/.L.0 of 26% At 10 ffy/ kg, hu2HL1l- PEG4- NHAc- DMA was not
active in this m)del From these results,

hu2H11R35R74- PEGA- NHAc- DMA- conj ugat e at | over dose exhibited a better
activity than hu2H11- PEG4- NHAc- DM conjugate. Exanple 8 25 Inpact of the

DAR on the §fthod Emﬁagcg%'é@tméqbg @%HMRSSRM PEG4- NHAc- DM agai nst
prostatic agenocar Cl no le mce The effect of the DAR on
t he antit unSPeea PayMe JeesrobiginghBiasH dlrahgMichjamnigatien (reactant gas : ammoniac) on

hu2H11R35R7 4+ FEFERBIMCT It stums arya intrldagicramiaut Ng).t wo | ow ef fective doses
at six different Drug antibody ratios (DAR) on Prostatic PC-3 tunors S.C.

i mplanted in V\D 2011/ 039724PCT/ 182010/ 054422 100 ferral e SCID. ContrQl
group was | MethodF. tliah Rressusel &9 A RINSAVIEENSRIN per
ki | ogram DéBems h@!eé Eﬁd%n@lﬁtamédaéh WV\V&&H@OQPLCLB'{bﬁlgiféR?‘}n P&ﬁﬂwel\l&mo@l\m
was adm ni stered at ng/kg w th DARs at 5. 2, 7.4 and

8. 4, respecPP%W elgi}rogﬁra,ynmp%él:n tfy): (th)?m%f?@@hicn?%‘ét“%ﬁ ar%ﬁhedfﬂ}'o‘ﬂ@g

Swaterial s @ﬂdmwbtmaglﬁOBEHh@mwaﬂ et 2AxS0 it ol eHDr: AaCle(o,‘prform.c
conj ugat es, ani mals wer e\vlz dally and tunors were neasured 2 tines

weekl y by céP'P'b@r CHplphp0 f‘ﬁﬁ‘ﬂ%a%@r ot empesaiutgsi WgC o Hawiaiemd B/miss

(M) = [ engtddidrt( min)Wirdinhs {0B0%bf B.in BiBtrhihi oy mact 100% ¥f BY alggahihon opss
done at t he hij ghest non t oxi ¢ dose (HNTD). 10A dosage produ0| ng a 20% body

vei ght | oss O Bw)?%a2maPr (nean of group) or 10% or nore drug deaths, was
consi dered an excessively toxic dosage. Animal body weights included t he

tunor wei ghtabbrvigtigig:mary efficacy end points are AT/ AC, percent nedian
regression, partial and conplete regressions (PR and CR) and Tunor free

9 e > o Bk T BRES AL e PelEaed sstenan frc akitnd Ak he
dgy of f! rsDrmgAaﬁTbﬁiemRa@_st E@gg_&d@yz)atfdylomswge]fuhd@@l? -eviel; mm.gnNt-he spegl Iihed
opserva on . an cul at,e an e
RN Tt el ey R SR s e e et e
cal cul ated anck re,mpdmarbymmdmardeemlasa N,rh@dilsapl(o'ﬁylethymme 20M¥% AT/ AC -
x100 nedi an ered as. th al | actiyve_when
NTTAC T | oslistete e tarm s s SR 2 ER i Giraitinsr R b frv e R0 T
AT/AC is | Ow]?methmﬁné}nldteh@m@@edlgﬁtﬁytﬂn%?ﬁéed raslahéginkyoragddfficeend NEEDIE
per cent age ression is da (ref 1 ression: is
defi ned as gf?éh@f?/&e%%ﬁ?rt\?éﬂw {“rg'dﬁlg.(é‘?o@él@@“r?% '%'ﬁ%' B‘n@aﬁ'@a éj'@Hlﬂ:Ppé?pr N’
speci fi gal Ogﬁﬁrc‘dﬁioumﬂ?@afmwwetdbd&h? té/tﬂala'ééi&:élfldthmoé:yrs'f day of first
treat nent. { a 1Cc tl ol nt an or e ressionis
o oul ot ed. TharBnaBafa Grbet gk Brodd athe: HOpe BVt o T REIEs oun.
vol uneo - veilam.%(rz&ga@s(%taﬂ) i @iperazine-&th¥dd¥dilfonic acid ; NHS: N-

hydroxysuccinimide ; iPrOH: iso-propyl alcool ; NMP: N-methylpyrrolidinone ; Rf:

retention factor ; RP: reduced pressure ; RT: room temperature ; SEC: Size Exclusion
25  Chromatography ; TBDMS: fert-butyldiméthylsilyl ; TEA: triethylamine ; TFA:

trifluoroacetic acid ; TFAA: trifluoroacetic anhydride ;TFF: Tangential Flow Filtration ;

THF: tetrahydrofurane ; TIPS: triisopropylsilyl ;TLC: Thin Layer Chromatography ;tr.

retention time.

Buffers contents:

30 > Buffer A (pH 6.5): NaCl (50mM), KPi (50mM), EDTA (2mM)

» Buffer HGS (pH 5.5): Histidine (10mM), Glycine (130 mM), sucrose 5% (w/v), HCI
(8mM)



volumeto WO 2011/ 039724PCT/ 1B2010/ 054422 101 Partial regression (PR):
Regressions are defined as partial if the tunor volune decreases to 50 % of
t he tunorwochuwmsIry the start of treatnent. Conpl et @Cragroag/sidare (CR):
Conpl ete regression is achieved when tunor volume = 0 5SMMB (CRis

consi dered when tunor vol ume cannot be ré&orded). TFS Tunor free is
defined as the animals with undetectable tunors at the end of the study
(>100 days post last treatnment) Results As illustrated in table VI using a
single adm ni stration schedul e, hu2H11R35R74- 10PEGA- NHAc-DWVA at 10 ng/ kg
showed an activit froma DAR of 4.4 to the hi gher DAR of 8.4. At 5 ny/ kg,
hu2H11R35R7 Rarametergfor AR and D4 capceptration Gal¢ylations (rp{rregee fprdhq @efhrﬁ%

hi gher DAR ef cflcufation: Tmé}agam%lmb@mes M@Plfa%%olrsasolemeﬂisact on the tumor
activity of hu2H11R35R74 15NHAc- DMA and one can deduce fromthese

results that th timal. DAR hu2H east
equal to 5. 9.$EMI%“@?“°”HB Qle@g?qraﬁwgﬁiﬁz%ﬁfﬁ?@m%t%@%r 86¢) at
hu2HL1R3§R74- PE@GzNM%dEMam (5he0 pt@soRRC oRe 188tat 25D asduneey 8h average
hu2H11R35R74- PECGA- NHAC- dlfferent drug- 20anti body ratio (DAR) were
eval uated in nal @0(@9"1‘0'%@@"%?'9@ Oraihglaﬂﬂf?%jyl ntravenous administration of 20
ng/ kg of conjugate. Plasna | evels of conjugates were neasured to establish
basi ¢ single dose pharnacoki netic paraneters under standard conditions. PK
paranmeters were conpared to those of the naked parental antibody. The

pl asma concExbmplé tans of conjugates and their anti body conponent (total
anti body, a sum of 25conjugated anti body and any de-conjugated anti body)
were nmeasured by specific ELI SA techni ques. Results (see figures 9A and 9B)
show a reverse correl ati on between the DAR val ues and the exposure to the
total antibody conponents with AUC O-inf values of WO

2011/ 039724pgT. P alidbdfiGhjugate linked with PEG4-acetamido:

hu2H11R35R74-PEG4-NHAc-DM4

15

20

Under magnetic stirring, at room temperature, 9 ml of huZH11R35R74 (14.36 mg/ml in

buffer A) are added, then 16.85 ml of buffer A, 3.23 ml of HEPES 1M, 1.59 ml of DMA,

followed by 1.64 ml of a 10mM DMA solution of L-DM4-AcNH-PEG4-CONHS activated

ester. After 1 hours 30 minutes at room temperature, an extra 0.085 ml of 10mM DMA
25  solution of L-DM4-AcNH-PEG4-CONHS activated ester is added. After 1 hours 45



102 83, 000, 000, 61, 000, 000, 48, 000, 000, 46, 000, 000, 41,000,000 and
27,000,000 ng- h/nm for DAR of 0, 3.4, 4.3, 5.9, 6.6 and 7.4, respectively.
Simlarl ywoheri@spr4a reverse correlation between the DARCYABLE&0MAZE t he
exposure to the conjugate with AUC 0-inf_val ues of 39, 000,000, 30,000, 000,
27,000, 000, 529, 000, 000 and 20, 000,000 néf h/m_ for DAR of 3.4, 4.3, 5.9,
6. 6 and 7.4, respectively. There is a perfect correlation betvveen t he DAR
val ues and Hie,t&d b%BﬁttbﬂBe@furé hﬁe%ﬂfdb%gm §tﬂimﬂ&ﬁﬂr’h ididle Citly 8b Wit of Of

0. 00024, 0.00033, 0.00042 00043 8 and 0.00074 L/ h/ kg for DAR O,
3.4, 4.3, 5HES @Jf@ran@lpvnﬁsd byeEfeet iRpliicgn Ssassaties The sasprle issdigfilterrst a

per fect cor %\?&ﬁétw{b Deh¥BSBIuRTeS o@ﬁ@S’&!ﬁé‘?%n@%ntJ&ﬁe&Q@|T'h'§"r'F¢itbF?lE‘a9c§ lifede
conjugate with d values of 0.00051 00066, 0.00075, 0.00069, 0.00099

L/ h/ kg for ashed withan extrg 106“60“;;\"@5 putder. T@%H&QQW@W arq mixegrfdtelrsi on, the
DAR has gn %f’e‘ﬂﬁ‘ﬁd RRUGR S KR RV LSS Enihiel oA ﬂ#%@%‘%ﬁd ﬁ%&%&ﬁuﬁe@”d an
i ncreased eli mnation when the DAR i ncreases. According to results

from ef fi cathyowegid0. PKMEV%‘VIE{tWoml ofthu@Ha piRBRAT 4- BARAH HAC-D#4 imchundednjdgiiet ween

grgsﬁgglz g&penocar c&n@%gﬁg@hg%k%&&oﬁ%}g&nﬂ@%ﬁﬁgééeﬁ@g |[;g]g/urmr Iecr:]ftof

ant i body drdgigdoad agdhtmenbm2iidRBBR74- PEGA- NHAc- DMA 20was eval uat ed at 8
dose | evel s agai nst nmeasurable prostatic PO-3 tunor, strongly expressing
target, S.C iy f erT® "“ﬁ‘&f £ o,
unt r eat ed. %@%@Aﬁ (%g(ﬁl_rggém-rof ﬂ%?éo){ e@%ﬁ%@? r%}?rg?n5 °I'hey
were adm ni stered at 160, 120, 80, 40, 20 10, Sand 2.5 ng/ kg, by an
|ntraveh%usﬂ@w]§j9§4@eﬁ®fm_20n day 17. 25Materials and Met hods For
the evaluation of anti-tunor activity of conjugates, aninmals were wei ghed
daily and tunors were neasured 2 tines weekly by cal i per. Tunor weights
were cal culated using the formula mass (ng) = [length (mmM x width

(mm 2]/ 2. Antl tum)r actl Vi t eval uatl on was done_at t he hi ghest non toxic
dose (HNTD) a.2PreparatiomofloM4rAcNHAEGHOONHS agivated ggiese pr oduci ng a 20%
body wei ght Ioss (bV\A) at nadir (rrean of group) or 10% or nore drug deaths,
was consi dered an excessively toxic dosage. Ani mal body wei ghts included
the tunor weights. The primary efficacy eng poigts are AT/ AC, percen

medi an regression, partial and conplete gssjlons (PR _and ) and glunor
free 5survivors (TFS). Changes in tumor f Qs nd
control (C) are calculated for each r by subtfact i g theldlunor] vol une
on the dmy of first treatment (swagilng day) fromthe tunor vol on the
speci fied observation day. The nmeWwaN AT is calculated for the treated
group and the nedi an isl ca cu@aéed for the control group. Then the ratio

O OH

20  Under magnetic stirring, at room temperature, 154.3 mg of L-DM4 are introduced in a
glass vial. A solution of 90 mg of 3-[2-(2-{2-[2-(2-bromo-acetylamino)-ethoxy]-ethoxy}-
ethoxy)-ethoxy]-propionic acid 2,5-dioxo-pyrrolidin-1-yl ester in 0.94 ml of DMA is then
added, followed by 36 ul of DIEA. After 23 hours at room temperature, the reaction
medium is diluted with 5 ml of AcOEt and washed with 7 ml of water. The aqueous

25  phase is extracted with 5 ml of AcCOEt. The combined organic phases are dried over
magnesium sulphate, concentrated to dryness under reduced pressure. 228 mg of pale
yellow viscous oil are obtained, which product is diluted with a minimum amount of

DMA and purified by flash-chromatography on 30g of C18-grafted silica gel (gradient of



10AT/AC i s cal cul ated and expressed as a percentage: nedian(Tt -TO %
AT/AC -1, x 00 nedian( t -CO The dose is considered as therapeutically
active w0 2AI/03@724s | ower than 40% and very active wheRCANIBAD/H34220Wer
than 10% If AT/ACis lower than O, the dose is 15considered as highly
active and the percentage of regression 8& dated (ref 1): % tunor
regression: is defined as the % of tunor volune decrease in the treated
group at a gR@e6h iafsaeBBRIENELE 8o ) TR SIALS dohéeﬁﬁ%'tlbwgfﬂbtubh'@zfaha st
day of first treatnment. At a specific'tinme point and for each animl, %
regressi on BINgalredVes R@SSUrie® sRiNTRsSs viseeusr @i obigines. WRieh peagdugtip &lelad f or

the group. wnR%«’%hﬁﬂhﬁ%ﬁiogﬁt c(f@MAland pMﬁ’ﬁéﬂHr@/ ﬂa%hléﬂ}dﬂﬁﬁog%ﬁtq/ PbouBt @ arti al
regression (PR): Regressions are defined parti al t unor vol une

decr eases t §rafigdsilisd opHeradianspf elelamuatar a‘%eli\%n'té'tea?ﬁ5 B 5:99 AV AERE)- After

Conpl et es r egémtr%d%ct.omtb%wdegre%@é BI%sé@rea@hinﬁ\éﬁﬂ DMIRA NI
volume = 0 CR i s considered when tunor vol unme cannot be recorded).

TFS: Tunor \P |Eé5é’r CONHSrIGuefed estenaremhiiziaeSinihe Feromi g vdtiiedpervate s at the

end of the stdudyt (lQRrAdrRiLostwHiGShretdsaaigmat) WO
2011/ 039724PCT/ 182010/ 054422 104 Results Using a single adm nistration

schedul e, the highest dose of conjugate tested (160ng/kg) was found to be

t oxi c, IndUMQW|OSS and drug-rel ated deaths. As illustrated on
table VIIl1 at the HNTD (120 ng/ kg) and other | owest doses, the 5conpound
was hi ghly ®etdnvien timer(ma)l= gJloses except for 2.5 ngy/ kg, hu2H11R35R74-

PEGA- NHAc- DM i nduced partial regressions and for 120, 80 and 20 ng/kg, it

i nduced, conmpl e ress addi t.i t he tunor npdel was cachexi c,
and the“gdm‘h SR, ’SZfﬂ%?h@" &ﬁ* P& {8¢educed the body wei ght |oss at

nadir in conparison wth Control 10In concl usion,
hu2H11R35R7 MPEGGCORAe - 226iowed a hi gh activity wth a good dose-effect
on Prostatic PC-3 tunor nodel. Exanple 11

NMR analysis 1H (500 MHz, 6 in ppm, chloroform-d): 0,80 (s, 3 H); 1,21 (s, 3 H); 1,22
(s, 3H); 1,25 (m, 1 H); 1,29 (d, J=6,7 Hz, 6 H); 1,46 (m, 1 H); 1,57 (d, J=13,4 Hz, 1 H);
1,64 (s,3H);1,76t0 1,83 (m, 1 H); 1,88 to 1,96 (m, 1 H); 2,18 (dd, J=2,5 et 14,3 Hz,
15  1H);2,36 (m, 1 H); 2,63 (m, 1 H); 2,61(dd, J=12,5 et 14,3 Hz, 1 H); 2,82 t0 2,92 (m,
10 H); 2,98 (d, J=16,7 Hz, 1 H); 3,03 (d, J=9,6 Hz, 1 H); 3,15 (d, J=12,9 Hz, 1 H); 3,22
(s, 3 H); 3,32 (s large, 1 H); 3,36 (s, 3 H); 3,42 (m, 2 H); 3,50 (d, J=9,1 Hz, 1 H); 3,53 (t,
J=5,2 Hz, 2 H); 3,58 to 3,67 (m, 13 H); 3,84 (t, J=6,4 Hz, 2 H); 3,99 (s, 3 H); 4,27
(m,1 H); 4,77 (dd, J=2,9 et 11,9 Hz, 1 H); 5,42 (q, J=6,7 Hz, 1 H); 5,66 (dd, J=9,1 et
20 154Hz,1H); 6,23 (s,1H); 6,43 (dd, J=11,3 et 15,4 Hz, 1 H); 6,64 (d, J=1,1 Hz, 1 H);
6,74 (d, J=11,3 Hz, 1 H); 6,85 (d, J=1,1 Hz, 1 H); 7,08 (t, J=5,2 Hz, 1 H).

1a.3. Preparation of 3-[2-(2-{2-[2-(2-bromo-acetylamino)-ethoxy]-ethoxy}-ethoxy)-

ethoxy]-propionic acid 2,5-dioxo-pyrrolidin-1-yl ester:

H O
o5 Br/\n/N\/\o/\/o\/\O/\/o\/\n’O%
o) o)
o)

Under magnetic stirring, at room temperature, 671.4 mg of 3-(2-{2-[2-(2-amino-ethoxy)-
ethoxy]-ethoxy}-ethoxy)-propionic acid (CA(PEG)4, Pierce) are introduced in a glass

vial. A solution of 597.4 mg of bromo-acetic acid 2,5-dioxo-pyrrolidin-1-yl ester in 14 mi



Mappi ng of the epitope and identification of the paratope by structure
determ nation of the crystal structure of the extra-cellular domain of
EphA2 15wvoeoHm3on24i n conplex with the Fab fragnment frolrChoB10/0R3B- R74 at
2.1A resolution. Material and Methods Initial crystallization trials were
made on gl ycosylated extra-cellular done$h of EphA2 receptor-Fc in conpl ex
with the Fab of hu2Hl11R35-74. Crystals were obtained only in 20presence of

trypsin. Th%ﬁéﬁclﬂB%ﬁe@f‘na%eW@ﬂ%n%@bU%@%rarﬁ‘i’nlﬁ’t‘ﬁ% b oPRRIpBEIGRONBYs Mgt t hey
cont ai ned the Fab, sone portion of the N-term nal domain of extra-cellular

donmai n of EPHANNAfdiissprenyicarhodiinisie) waddsat/tfrﬁrdfh%ﬁ%w&utméhw@daced this

time using agly&PmebiRhed flﬁéﬂeﬁ%n%‘?’r{téﬂéh@iasgom tﬂe(ﬁftra@@%rlﬁ@&@;pﬂé%rh W th
termnal His-tag, in conplex wth reconbi nant Fab Cgment rom

hu2H11R34- thmmaéogrmywrbm@tqf&& graged QQF%QG'E%A@”F@‘ WioBr provi de the sane
structurge ofy, h%B%n@W@FﬁAc@EfWﬂcu%@Qtﬁé |I:'5r@ﬁ-|3|9(§r%n)aﬂﬁermé%5grﬂt5ﬁ6n Bf Pactions

Extra-cel lul ar regi on of EphA2 receptor is domai ns and has been

shown to be3Q&e ¢5 fingstireduce W%ULEBI?DGQ I[ngg@crﬁ:l[zE(?r{aﬂ?T@Z B&"W #uetylamisoERD
(Cystein- R gholopnaihddyy- @%x@@fg&g@b%ﬁﬁﬁd &lﬁ?@%%*pﬂ%ﬁ@nﬁoﬂ c&feM3re The

di fferent domains were use search nodel's for | ecular repl acenent
cal cul at i onokfaingdrn Hiedaen gf a peloginssiolalhe sharacippistics Of which are as follows:

2011/ 039724PCT/ 1B2010/ 054422 105 nodel s of the variable and const ant

domai ns of t\msgg&twﬁﬁgt@dw produced and used, as well as a nodel of the
Fc (pdb code ) to solve the crystal structure. Various crystallization
conditi ﬁ(gs }%re tested and a 1A dataset collected at the ESRF was used to
sol ve t h& stElRfion Ameimin& Q:B‘ﬁpl ex. It has enabled us to analyze the
5interface between the extra-cellular domain of EphA2 receptor and
hu2H11R34- Rpd+HEV ez 4883488 the full | ength EphA2 extracel lul ar region
(25-534) was present initially, the crystals contain only the LBD and CRD
domai ns of [My] i s 25-325 or 327 depending on the crystal
(here a seqh@m%&ﬁﬂnﬂé&%ﬁzggg used). Results 10Epitope mappi ng Figure 10:
illustrates the mapping of the extra-cellular domain of EphA2 receptor

epi t ope f or BaddidteR4ackirB S5{dapiotpypelidiesidester eowdd e brapadcdfsllovdsg duldishadi ch
contain ato om any atom of the CDR residues of
hu2H11R34- R Af’t(lticg)@ E?'erg‘%rrp\é\éﬁwh @?ﬁwepl tope of extra-cellular domain of
EphA2 receptor when bound to Fab fragnment of hu2H11R34-R74 is a

conf or ntd i oExbm@js 1bipe t hat i ncl udes resi dues of the LBD domain Gly49,
Lys50, Gly51, Asp53, Cys70, Asn71, Val72, Met73, Ser74, Gly75, dn77,

Phel08, Pro}B9, pRpatdfon & ¥drlidgatsdinkéd v PEEh Mt

hu2H11R35R74-PEG4-Mal-DM4

‘<j \qWN\/\O/\/O\/\O NOWNH Ab

20

Under magnetic stirring, at room temperature, 4 ml of huZH11R35R74 (14.36 mg/ml in
25  Dbuffer A) are added, then 7.5 ml of buffer A, 1.45 ml of HEPES 1M, 1.15 ml of DMA,
followed by 0.305 ml of a 10mM DMA solution of L-DM4-Mal-PEG4-CONHS activated



Figure 11: shows residues fromthe extra-cellular domain of EphA2 receptor
that are 20part of the epitope (represented in dark grey); residues in

l'i ght greyoana/wen4visible in the crystal structures. FPGEAB201@0FA422
represents the overall structure of the conplex and figure 11Bis a

magni fication of the part with the two n88 ations introduced in position 35

and 74. Conjugation of hu2H11l occurs on surface |ysine residues. Two of
these were QHEQV@Qr25bUFQmééﬁ&&h@&eﬂﬁ@%ﬁ@cﬁwecbﬁﬁgﬁkﬁﬁne&@ﬁmymﬁmﬁiWMR74 and
| ight chain_R35 are depicted in ure : R7411es in proximty of the

i nterface, VQ@“@@HQWHWﬁF¥6ﬁ¢PW@EQ%Wﬂa}bélP@F%¥‘%@ﬁﬁ?ﬁ@dWmE@ﬁW&3$eceptor and
about 10A f yRRKdBE a?ﬁﬁétesio 8xrthp18 veRiled| AAH BRI R anMen collected. The TFF
2011/ 039724PCT/ 1B2010/ 054422 106 R35 is one of the paratope residues and it
makes an H B@ndilipas aepsashed shihanexERi104nicd HGS awffewoﬂﬁ fWogtolutigRpare
receptors Apliy nezf B6ndeRBLEE oHRHhilor §5 Xné hl'fe?—' ﬁ?(%?thtr%hs(ﬁﬁ?%ﬂnrﬁ\ﬁj@%to pns with

the antigen a its conjugation would clear detri nmen for anti body
bi ndi ng. 5Paf huZsld R@ﬁBMﬁE@W@I DMHemﬁwecmgﬁé@@ T hE9exa/mh-vasithug ar domai n

of EphA2 re I%F% teR theHQRS fot BN IME | gpﬁ QBric AS can
be seen fro%? rﬂﬁlgmg mal n y$ﬁﬁ§aﬁ§%v$ %ﬁgyﬂg%sﬂszgpe gé% Obﬁ Ep%dlng
Thi s suggespgrltu/hat changes in the CDRs of hu2H11l, particularly in the Iight
chai n but not excl usively, can be introduced w thout 10adversely affect

bi nding to &t_l%fgér%( gi DARO da3 ©8 - Rife- b4 656 . ﬁBﬁbrﬂer‘uépd}W =ig9\ej ved
at all int e intertace, e on one résidue at the end of L1 (Arg35)

interacts w th the extra-cel I ul ar donal n of EphA2. This inplies that
changes’ S datadmetflog g fighdct bi ndi ng to EphA2 and that |oop L1
shoul d tol erate nutatlonsllnsertlons of ami no acid residues as long as they

don't destahplai peegda@u&oamm -VRANPEGA-OONAIB! Ativatedld@ér: Ar 935 residue. The
par at ope of - or Ep receptor 1nvolves the follow ng
resi dues of the light chain: Arg35 of Loop L1, Tyr54, Arg58 and Asp60 of

L2. It involves in the heavy chain the follow ng residues: Thr30, Al a31l,
Tyr32 and Tyr33 of Loop Hl, Asn52, Tyr 54, Asn55 and Phe57 of H2 and Glu99,

Phel00, Tyr101, dy102, Tyr103 a d05 of H3. A sequential nunbering
schene is used for the |ight an hai n | t mg 0Sgi blec;o %
inprove the affinity of the EH Q?*/Eb)h)%z’r Eeyt I:é
using the structural data |nsQance y the approach descri béd, rk

et al (Protein Sciefce
(2007),130: 117146

15 949- 960) or Li ppow et al (Nature Biotech
3 1t mght be possible to create additional
i nteractions, for WASP76, by judicious nutation of Thr H28.
I nteracti ons betwee dhai n and Epha2 receptor do not involve many
resi dues. Nevert hel'ss gxpew i nteractions woul d probably require
significant insertioms |n33|t§|1elr Ioop L1 or L3.

Under magnetic stirring, at room temperature, 50 mg of L-DM4, 17.2 mg of supported

20 DIEA (3.72 mmol/g), and a solution of 36.2 mg of 3-{2-[2-(2-{2-[3-(2,5-diox0-2,5-
dihydro-pyrrol-1-yl)-propionylamino]-ethoxy}-ethoxy)-ethoxyl-ethoxy}-propionic acid
2,5-dioxo-pyrrolidin-1-yl ester (commercially available, SM(PEG)4, Pierce) in 360 pl of
DMA are successively added. After 1 hours 30 minutes at room temperature the
reaction medium is filtered, the solids are washed with AcOEt, and the combined

25 filtrates are directly purified by flash-chromatography on 14 g of CN grafted silica gel
(gradient of elution heptane:AcOEt:iPrOH with increasing contribution of iPrOH). After
concentration of fractions containing the expected product under reduce pressure, 29.8
mg of L-DM4-Mal-PEG4-CONHS activated ester are obtained in the form of a

colourless glass, the characteristics of which are as follows:



30l nteracti ons between these | oops and EphA2 receptor occur via rather

| arge or |long residues: any change in this environment mght result in |oss
of bi ndi nyoabfwaspt2y. WO 2011/ 039724PCT/ 1B2010/ 054422 1@TTIR2E0/H5402y
structure highlights residues fromthe CDRs that can be nutated, that
shoul d not inpact binding to EphA2. In t&® fol |l owi ng descriptions, residues
fromthe paratope should not be nodified, unless so specified to preserve

the bi ndi ngpMARsthsctiEPRthdggeeptor. It al so understood that Snutations in

t he CDRs shou not aitec he conformation and orientation of the residues
fromthe paratope to preserve binding_to t he EphA2 receptor. Residue
nunberi ng i Se&agorimedminiid! - gbed2aé? dipglereplpaaasPat conventions as used in
Al - Lazi kani ((1997) J. Mol. Biol. 273, 927-948). "X' represents "any
residue”, wn+ie)+ g/2 ngbcates that no nodification should be nade at this
position. 10Iln the COR L1 (SEQ ID 04) except D 33 and R35 there is no
restriction_gn ce prqyided |length of the loop is conserved and it
adopt s canoHﬁiﬁﬁﬁgﬁﬁﬁéfﬂgéggk-kappa4 as described in J. M. Biol. (1992)
227: 799-817, J. Mdl. Biol. (1992) 227: 776-798 and in Al -Lazikani et al
(cited smpr &ample sc:Rraparatibatof iconiigate dewitbh S tide bonds fall within
the accepted range defined in Fig 5 of Al -Lazikani et al (cited supra).
15Arg35 has been nmutated to prey i i this residue. A Lys
woul d neverthel ess nake the saﬁ@%ﬁ%p§§§§??%ﬁgﬂ§f@ﬂ EphA2 and hence it is
predi cted that parent hu2Hl1l1l antibody will nmake the sane interaction with

EphA2 receptor and engage the sane epitope of EphA2 receptor. An Asp is the
preferred residue at position 33. 20 Numbering 26 27 28 29 30 31 32 33

10

15

Humanized 2H11R35R74 antibodies were conjugated to L-DM4 N2'deacetyl-N2'(4-
methyl-4-mercapto-1-oxopentyl)-maytansine using SPDB (4-[2-pyridyldithio]butanoic
acid N-hydroxsuccinimde ester) linker using the same protocol as previously described
in WO 2008010101A9 with other hu2H11 antibodies. Briefly, the antibody was modified

20  at 8 mg/mL with 5.5 or 6.5 folds molar excess of SPDB for hu2H11 and hu37.3D7
respectively. The reaction was carried out in Buffer A (50 mM KPi/50 mM NaCl/2 mM
EDTA, pH 6.5, 95% v/v) with EtOH (5% v/v) for 90 minutes at room temperature. The
modified antibody was then purified by SephadexG25 desalting column with Buffer A.
Next, the modified antibody was reacted with a 1.7-fold molar excess of DM4 over

25  SPDB linker. The reaction was carried out at 2.5 mg/mL antibody in Buffer A (97% v/v)
and DMA (dimethylacetamide, 3% v/v) at room temperature for 20 hours. The
conjugate was purified by SephadexG25 desalting column with 10 mM Histidine, 130
mM Glycine, 5% sucrose, pH5.5. The drug to antibody ratio was 4.0 for hu37.3D7-
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SPDB-DM4 and 3.1 for huzH11-SPDB-DM4.

Example 1d: Preparation of conjugate hu2H11R35R74-PEG4-NMeAc-DM4

1) TMSCH,N, . - o o
CH,Cl,, MeOH Na ™ N O N ~
HZN\/\O/\/O\/\ONO\/YOH F 0 o \/ﬁr
o o

o 2) (CF,C0),0, 1) NaH, Mel, THF
CA(PEG)4 CH,CL,, TEA 2) LIOH, THF, H,0
| o 1) BrCH,CONHS |
N0 AN AP o, . ChLl
Br/\'r o o \/\'r HN\/\O/\,O\/\O/\,O\/\n,OH
L-DM4 ° °

DMA

o < 2) pic
l DIEA

\N ‘<j s\)‘\?‘/\‘[,o\/fh!oﬁ \N H s\j\r/\,{fo\/-]h!w Ab
o o% o

Antibody

Buffer, DMA /O hu2H11R35R74-PEG4-NMeAc-DM4

&

1d.1 Preparation of conjugate hu2ZH11R35R74-PEG4-NMeAc-DM4

Under magnetic stirring at RT, 4 ml of huZH11R35R74 (14.36 mg/ml in buffer A) are
added, then 7.5 ml of buffer A, 1.45 ml of HEPES 1M, 1.05 ml of DMA, followed by
0.39 ml of a 10mM DMA solution of L-DM4-AcNMe-PEG4-CONHS activated ester.
After 30 min at RT, an extra 0.19 ml of 10 mM DMA solution of L-DM4-AcNMe-PEG4-
CONHS activated ester is added. After 3 hrs at RT, the crude conjugation medium is
diluted with 65 ml of HGS buffer and purified by TFF on Pellicon 3 cassette. The
sample is diafiltered against ~10 sample volumes of HGS buffer and then collected.
The TFF tank and lines are washed with an extra 10 ml of HGS buffer. The two
solutions are mixed, concentrated on Amicon 15 and filter-sterilized through 0.22 um
PVDF. 8.5 ml of huzZH11R35R74-PEG4-NMeAc-DM4 conjugate (¢=6.01 mg/ml) was
thus obtained. The conjugate is then analyzed for final drug load and monomeric purity.
SEC analysis (D) : DAR (SEC)= 5.5 ; RT= 16.7 min ; monomeric purity= 99.4% ; HRMS
data : see Fig.14.

1d.2 Preparation of L-DM4-AcNMe-PEG4-CONHS activated ester

Under magnetic stirring at RT, 133.4 mg of L-DM4 are introduced in a glass vial. A
solution of 85 mg of 3-{2-[2-(2-{2-[(2-bromo-acetyl)-methyl-amino]-ethoxy}-ethoxy)-



X RKX X Inthe COR L2 (SEQ ID N5) both Leu could be replaced by the
conservative substitution such as Ile. Val mght be replaced by Ile (less
favor abl ey0 20h3pi2ast Ser of WD 2011/ 039724PCT/ 1B2010/ @#624BR104/0842%he | oop
can be replaced by any residue, while the second m ght be replaced by
anot her hydrophilic/charged reside. The 8r residue (54) should not be
changed. Nunbering 54 55 56 57 58 59 60 61 Initial sequence YL V SRL

ethoxy]-ethoxy}-propionic acid 2,5-dioxo-pyrrolidin-1-yl ester in 0.2 ml of DMA is then
added, followed by 32.9 ul of DIEA. After 1 hours at RT, the reaction medium is
purified by flash-chromatography on 30 g of C18-grafted silica gel (gradient of elution
water:acetonitrile 95:5 to 5:95 by volume). After concentration of fractions containing

5 the desired product under RP, 71.3 mg of L-DM4-AcNMe-PEG4-CONHS activated
ester are obtained in the form of a colourless glass-like product. Mass spectra (D) :
RT=0.98 min ; [M+H-H,Ol+ : m/z 1178 (main signal) ; [M+Na]+ : m/z 1218 ; [M-
H+HCO,H]- : m/z 1240 ; 1H NMR (500 MHz, 8 in ppm , chloroform-d) : 0,81 (s, 3 H) ;
1,20t0 1,33 (m, 13 H); 1,42t0 1,52 (m, 1 H) ; 1,56 to 1,61 (m, 1 H) ; 1,65 (s, 3 H) ;

10 1,73t01,83(m,1H);1,961t02,04 (m,1H);219(dd, J=2,8 and 14,4 Hz, 1 H) ; 2,29
to2,41 (m, 1 H); 2,551t0 2,66 (m, 2 H) ; 2,83 t0 2,93 (m, 12 H) ; 3,04 (d, J=9,8 Hz, 1 H)
;3,12 (d, J=12,7 Hz, 1 H) ; 3,18 t0 3,25 (m, 5 H) ; 3,37 (s, 3 H) ; 3,47 t0 3,54 (m, 3 H) ;
3,57 10 3,68 (m, 15 H) ; 3,85 (t, J=6,6 Hz, 2 H) ; 3,99 (s, 3 H) ;4,29 (m, 1 H) ; 4,79 (dd,
J=2,8 and 12,2 Hz, 1 H) ; 5,41 (q, J=6,7 Hz, 1 H) ; 5,68 (dd, J=9,3 et 15,2 Hz, 1 H) ;

15 6,23 (s, 1 H); 6,43 (dd, J=11,0 and 15,2 Hz, 1 H) ; 6,66 (s, 1 H) ; 6,74 (d, J=11,0 Hz, 1
H); 6,83 (s, 1 H).

1d.3  Preparation _of 3-{2-[2-(2-{2-[(2-bromo-acetyl)-methyl-amino]-ethoxy}-

ethoxy)-ethoxyl-ethoxy}-propionic acid 2,5-dioxo-pyrrolidin-1-yl ester

| o}
NN O A N
Br/\IcI)/ 0 0 \/ﬁc!’ N
o

20

Under magnetic stirring, at RT, in a round bottom flask, 115.1 mg of 3-(2-{2-[2-(2-
methylamino-ethoxy)-ethoxy]-ethoxy}-ethoxy)-propionic acid, 1.5 ml of DCM, 97.3 mg
of bromo-acetic acid 2,5-dioxo-pyrrolidin-1-yl ester are successively introduced. After 2
h, 72 pl of DIEA are added, and after a further 1 hour at RT, 70.2 ul of DIC are added.
25  The crude reaction medium is kept 4 hrs at RT, 16 hrs at -20°C, and then purified by
flash-chromatography on 30 g of silica gel (gradient of elution DCM:methanol from
0:100 to 3:97 by volume). After concentration of fractions containing the desired
product under RP, 85.8 mg of 3-{2-[2-(2-{2-[(2-bromo-acetyl)-methyl-amino]-ethoxy}-
ethoxy)-ethoxy]-ethoxy}-propionic acid 2,5-dioxo-pyrrolidin-1-yl ester are obtained in
30 the form of a white solid. Mass spectra (A) : RT= 0,84 min ; [M+H]+ : m/z 497/499




DS Suggested nutations - L/I V/i X - L/l - SITTDNFEQ In the CDR L3
(SEQ ID N6) there is no restriction on sequence nor |ength of the | oop 5as
| ong as iwoadopBg2éanoni cal structure L3-kappal as defi Re€@/ABIo1#bs4Uzezi kani
et al (cited supra). Nunbering 94 95 96 97 98 99 100 101 102 Initi al
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1d.4 Preparation of 3-(2-{2-[2-(2-methylamino-ethoxy)-ethoxy]-ethoxy}-ethoxy)-
propionic acid

|
HN (o] [o} OH
\/\O/\/ \/\O/\/
\/T

Under an inert atmosphere of argon, in a round bottom flask, with magnetic stirring,
5 120.1 mg of 3-[2-(2-{2-[2-(2,2,2-trifluoro-acetylamino)-ethoxy]-ethoxy}-ethoxy)-ethoxy]-
propionic acid methyl ester, 1 ml of anhydrous THF and 59.8 ul of CHsl and
successively introduced. The reaction medium is cooled with a ice/water bath at about
0°C, and 16.1 mg of NaH (50% pure in oil) is slowly added by small portions. After 15
min at 0°C, and 1 hr at RT, the crude reaction medium is concentrated to dryness
10  under RP, and diluted with 0.5 ml of THF and 0.8 ml of water. At RT, 30.6 mg of LiOH
is then added to the reaction medium. The crude reaction medium is kept 2 hrs at RT,
16 hrs at -20°C, and then purified by flash-chromatography on 30 g of C18-grafted
silica gel (gradient of elution water:acetonitrile from 95:5 to 5:95 by volume). After
concentration of fractions containing the desired product under RP, 115.3 mg of 3-(2-
15 {2-[2-(2-methylamino-ethoxy)-ethoxy]-ethoxy}-ethoxy)-propionic acid are obtained in

the form of a yellow oil.

1d.5 Preparation of 3-[2-(2-{2-[2-(2,2 2-trifluoro-acetylamino)-ethoxy]-ethoxys}-

ethoxy)-ethoxyl-propionic acid methyl ester

E
F N o o} o}

2 FJ\IA/ NN NN N \/\g/ ~
Under an inert atmosphere of argon, in a round bottom flask, with magnetic stirring,
230 mg of 3-(2-{2-[2-(2-amino-ethoxy)-ethoxy]-ethoxy}-ethoxy)-propionic  acid
(CA(PEG), Pierce) 2 ml of DCM and 1 ml of methanol are successively introduced. At
RT, 1 ml of triméthylsilyldiazomethane (2M solution in hexane) is slowly added to the

25 reaction medium. After 2 hrs at RT, the excess of triméthylsilyldiazomethane is
neutralized by addition of acetic acid. The crude reaction medium is then evaporated to
dryness under RP. The residue obtained is diluted with 2 ml of DCM, cooled to 0°C
with a water-ice bath, then 363 pl of TEA and 300 pl of TFAA are successively added.
After 2 hrs 30 min at RT and 19 hrs at -20°C, 363 pl of TEA and 300 pl of TFAA are

30  successively added. After 4 hrs 30 min at RT and the crude medium is stocked at -
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20°C and then purified by flash-chromatography on 30 g of C18-grafted silica gel
(gradient of elution water:acetonitrile from 95:5 to 5:95 by volume). After concentration
of fractions containing the desired product under RP, 123 mg of 3-[2-(2-{2-[2-(2,2,2-
trifluoro-acetylamino)-ethoxyl-ethoxy}-ethoxy)-ethoxyl-propionic acid methyl ester are
obtained in the form of a pale-yellow oil._Mass spectra (A) : RT= 0,90 min ; [M+H]+ :
m/z 376 ; [M-H]- : m/z 374.

Example 1e: Preparation of conjugate hu2zH11R35R74-PEG8-NHAc-DM4

o
o
Br.
A o o.
1) BrCH,CONHS N o N
8 o - L-DM4 o

2)DIC DMA

CA(PEG)8 DIEA

o »i g s\j\ﬂz\,[,o\/h!w A \Ngs\iuz\,{,o\/hgt )"5

L-DM4-AcNH-PEG8-CONHS

Antibody
Buffer, DMA

hu2H11R35R74-PEG8-AcNH-DM4

1e.1 Preparation of conjugate hu2H11R35R74-PEG8-NHAc-DM4

Under magnetic stirring at RT, 4 ml of huZH11R35R74 (14.36 mg/ml in buffer A) are
added, then 7.5 ml of buffer A, 1.45 ml of HEPES 1M, 1.05 ml of DMA, followed by
0.405 ml of a 10 mM DMA solution of L-DM4-AcNMe-PEG8-CONHS activated ester.
After 30 min at RT, an extra 0.1 ml of 10 mM DMA solution of L-DM4-AcNMe-PEGS8-
CONHS activated ester is added. After 1 hr 45 min at RT, the crude conjugation
medium is diluted with 60 ml of HGS buffer and purified by TFF on Pellicon 3 cassette.
The sample is diafiltered against ~10 sample volumes of HGS buffer and then
collected. The TFF tank and lines are washed with an extra 10 ml of HGS buffer. The
two solutions are mixed, concentrated on Amicon 15 and filter-sterilized through 0.22
um PVDF. 7.0 ml of hu2zZH11R35R74-PEG8-AcNMe-DM4 conjugate (c= 6.95 mg/ml)
was thus obtained. The conjugate is then analyzed for final drug load and monomeric
purity. SEC analysis (D) : DAR (SEC)= 5.0 ; RT= 16.593 min ; monomeric purity =
99.5% ; HRMS data : see Fig.15.
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1e.f Preparation of L-DM4-AcNH-PEG8-CONHS activated ester

Under magnetic stirring at RT, 65 mg of 3-{2-[2-(2-{2-[2-(2-{2-[2-(3-bromo-
propionylamino)-ethoxyl-ethoxy}-ethoxy)-ethoxy]-ethoxy}-ethoxy)-ethoxyl-ethoxy}-
propionic acid 2,5-dioxo-pyrrolidin-1-yl ester are introduced in a glass vial, followed by
a solution of 67.7 mg of L-DM4 in 0.85 ml of DMA and 16,5 ul of DIEA. After 48 hrs at
RT, the reaction medium is purified by flash-chromatography on 10 g of silica gel
(gradient of elution DCM:MeOH 100:0 to 90:10 by volume). After concentration of
fractions 18 to 26 under RP, 17 mg of L-DM4-AcNH-PEG8-CONHS activated ester are
obtained in the form of a colourless glass. Mass spectra (B): : RT= 4,08 min ; [M+H-
H,OJ+ : m/z 1340 (main signal) ; [M+Na]+ : m/z 1380 ; [M-H+HCO,H]- : m/z 1402 ; 1H
NMR (400 MHz, § in ppm , chloroform-d) : 0,81 (s, 3 H) ; 1,22 (s, 3 H) ; 1,23 (s, 3 H) ;
1,26 (m, 1 H); 1,30 (d, J=6,8 Hz, 6 H) ; 1,41 t0 1,62 (m, 1 H) ; 1,65 (s, 3 H); 1,80 (m, 1
H);1,89t01,99 (m, 1H);219(m,1H);237(m,1H);247a267 (m,2H);281a
2,93 (m, 10 H) ; 2,99 (d, J=16,6 Hz, 1 H) ; 3,04 (d, J=9,8 Hz, 1 H) ; 3,16 (d broad,
J=13,7 Hz, 1 H) ; 3,23 (s, 3 H) ; 3,32 (s broad, 1 H) ; 3,37 (s, 3 H) ; 3,44 (m, 2 H) ; 3,51
(d, J=9,1 Hz, 1 H); 3,54 (t, J=5,4 Hz, 2 H); 3,59 a 3,73 (m, 29 H) ; 3,86 (t, J=6,6 Hz, 2
H); 4,00 (s, 3 H); 4,22 to 4,33 (m, 1 H) ; 4,78 (dd, J=2,9 and 12,2 Hz, 1 H) ; 5,43 (q,
J=6,8 Hz, 1 H) ; 5,67 (dd, J=9,0 et 15,2 Hz, 1 H) ; 6,23 (s, 1 H) ; 6,44 (dd, J=11,2 et
15,2 Hz, 1 H) ; 6,65 (d, J=1,5 Hz, 1 H); 6,75 (d, J=11,2 Hz, 1 H) ; 6,86 (d, J=1,5 Hz, 1
H);7,02a7,13 (m, 1 H).

1e.g Preparation of 3-{2-[2-(2-{2-[2-(2-{2-[2-(3-bromo-propionylamino

ethoxy}-ethoxy)-ethoxyl-ethoxy}-ethoxy)-ethoxyl-ethoxy}-propionic acid 2,5-

dioxo-pyrrolidin-1-yl ester :

(o]
i ~A
Br\)LN/\/O\/\O/\/O\/\O/\/O\/\O/\/O\/\O O/N
H o)

Under magnetic stirring at RT, 100 mg of 3-(2-{2-[2-(2-amino-ethoxy)-ethoxy]-ethoxy}-
ethoxy)-propionic acid (CA(PEG)4, Pierce), 2 ml of DCM and 53.5 mg of bromo-acetic
acid 2,5-dioxo-pyrrolidin-1-yl ester are successively introduced in a glass vial. After 1 hr

at RT, 35.1 pl of DIC are added. After 1 hr, the crude reaction medium is filtered on
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sintered glass, concentrated to dryness under RP, dilute with 10 ml of AcOEt, filtered
on sintered glass and concentrated to dryness under RP. 76.5 mg of 3-{2-[2-(2-{2-[2-(2-
{2-[2-(3-bromo-propionylamino)-ethoxyl-ethoxy}-ethoxy)-ethoxyl-ethoxy}-ethoxy)-
ethoxy]-ethoxy}-propionic acid 2,5-dioxo-pyrrolidin-1-yl ester are obtained in the form of
a colourless oil. Mass spectra (A) : RT= 0,80 min ; [M+H]+ : m/z 659/661 ; [M-
H+HCO,H]- : m/z 703/705

Example 1f: Preparation of conjugate hu2H11R35R74-PEG4-Allyl-DM4

Supponed DCC

B/\f\,[,o\/.]n(!,o\|< TR e AN \/"]T b NN ‘/h’ b

o L-DM4
DMA
DIEA

N N

o
Q o hu2H11R35R74-PEG4-allyl-DM4 Q o

L-DM,-allyl-PEG4-CONHS
H . H y

Antibody
Buffer, DMA 0.

1f.1_Preparation of conjugate hu2H11R35R74-PEG4-Allyl-DM4

Under magnetic stirring at RT, 4 ml of huZH11R35R74 (14.36 mg/ml in buffer A) are
added, then 7.5 ml of buffer A, 1.45 ml of HEPES 1M, 1.14 ml of DMA, followed by 0.3
ml of a 10 mM DMA solution of L-DM4-Allyl-PEG4-CONHS activated ester. After 30
min at RT, an extra 0.125 ml of 10 mM DMA solution of L-DM4-Allyl-PEG4-CONHS
activated ester is added. After 1 hr 25 min at RT, the crude conjugation medium is
diluted with 65 ml of HGS buffer and purified by TFF on Pellicon 3 cassette. The
sample is diafiltered against ~10 sample volumes of HGS buffer and then collected.
The TFF tank and lines are washed with an extra 10 ml of HGS buffer. The two
solutions are mixed, concentrated on Amicon 15 and filter-sterilized through 0.22 um
PVDF. 8.0 ml of huZH11R35R74-PEG4-Allyl-DM4 conjugate (¢=5.22 mg/ml) was thus
obtained. The conjugate is then analyzed for final drug load and monomeric purity.
SEC analysis (H) : DAR (SEC)= 5.3 ; RT= 16.767 min ; monomeric purity= 99.4% ;
HRMS data : see Fig.16.
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1f.2_Preparation of L-DM4-Allyl-PEG4-CONHS activated ester

Under magnetic stirring at RT, 70 mg of L-DM4, 45 mg of 3-(2-{2-[2-(4-bromo-but-2-
enyloxy)-ethoxy]-ethoxy}-ethoxy)-propionic acid 2,5-dioxo-pyrrolidin-1-yl ester (Bromo-
Allyl-PEG4-CONHS), 0.5 ml of DMA and 23.5 ul of DIEA are successively introduced in
a glass vial. After 2 hrs at RT and 17 hrs at -20°C, 50 ul of DIEA is added. After 24 hrs
at RT, the reaction medium is purified by flash-chromatography on 30 g of C-18 grafted
silica gel (gradient of elution water:acetonitrile 95:5 to 5:95 by volume). After
concentration of fractions containing the expected product under RP, 47.1 mg of L-
DM4-Allyl-PEG4-CONHS activated ester are obtained in the form of a white solid.
Mass spectra (D) : RT= 1,06 min ; [M+Na]+ : m/z 1173 ; 1H NMR (500 MHz, 3 in ppm ,
chloroform-d) : 0,81 (s, 3 H); 1,18 2 1,39 (m, 13 H) ; 1,42 t0 1,52 (m, 1 H) ; 1,58 (d,
J=13,4 Hz, 1 H) ;1,65 (s,3 H);1,73t01,82(m,1H);186a 1,95 (m, 1H); 2,19 (d,
J=14,3Hz, 1 H);2,40 (m, 1 H);2,51t02,65(m,2H);282t02,95(m,9H); 298 to
3,07 (m,2H); 3,12 (d, J=12,6 Hz, 1 H) ; 3,18 t0 3,27 (m, 1 H) ; 3,23 (s, 3 H) ;3,36 (s, 3
H); 3,51 (d, J=9,1 Hz, 1 H) ; 3,54 a2 3,82 (m, 13 H) ; 3,86 (t, J=6,4 Hz, 2 H) ; 3,91 a
3,95 (m,2H);3,99 (s, 3H); 4,28 (t, J=11,0 Hz, 1 H) ; 4,78 (dd, J=2,6 et 11,9 Hz, 1 H)
; 5,44 (q, J=6,7 Hz, 1 H) ; 5,49 to 5,63 (m, 2 H) ; 5,68 (dd, J=9,1 and 15,0 Hz, 1 H) ;
6,24 (s, 1 H) ; 6,43 (dd, J=11,1 and 15,0 Hz, 1 H) ; 6,66 (s, 1 H) ; 6,77 (d, J=11,1 Hz,1
H); 6,83 (s, 1 H).

1f.3 Preparation of 3-(2-{2-[2-(4-bromo-but-2-enyloxy)-ethoxy]-ethoxy}-ethox
propionic acid 2,5-dioxo-pyrrolidin-1-yl ester

o
Q
Br/\/\/o\/\o/\/o\/\o/\)j\o’p
o

At RT, 200 mg of 3-(2-{2-[2-(4-bromo-but-2-enyloxy)-ethoxy]-ethoxy}-ethoxy)-propionic
acid, 4 ml of DCM and 232.3 mg of supported DCC (2 equivalents) are successively
introduced in a glass vial. After 1 hr at RT, 64.8 mg of NHS are added. After 5 hrs at
RT, the crude reaction medium is filtered on sintered glass, solids are washed with
DCM, and the combined filtrates are concentrated to dryness under RP. Purification by
flash-chromatography on 15 g of silica gel (gradient of elution MeOH:DCM 0:100 to

10:90 by volume), and concentration of fractions containing the expected product under
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all 2HL1R35RPYTRM conjugates tested are as potent as the
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example 1 : under stirring, at RT, 1 ml of hu2H11 (8.52 mg/ml in buffer A) is added,
then 0.7 ml of buffer A, 0.213 ml of HEPES 1M, 0.7 ml of DMA, followed by 0.085 ml of
a 10 mM DMA solution of L-DM4-AcNH-PEG4-CONHS activated ester diluted with

0.128 ml of DMA. After 2 hrs at RT, the crude medium is concentrated on Amicon 4 at

20 7000 G, buffer exchanged with HGS buffer on Nap-10 column, and finally purified on a
5 ml Zeba column. 1.15 ml of huZH11-PEG4-NHAc-DM4 conjugate (¢=3.78 mg/ml)
was thus obtained. The conjugate is then analyzed for final drug load and monomeric
purity. SEC analysis (method D) : DAR (UV)= 6.6 ; DAR (SEC)= 5.6 ; RT= 15.387 min ;
monomeric purity= 99.7% ; HRMS data : see Fig.17.

25 Example 2
Inhibition of EphA2 autophosphorylation activity by hu2zH11R35R74

Materials and Methods

Cell lines and Antibodies

The breast adenocarcinoma cell line MDA-MB-231 was obtained from ECAAC (ref. #
30  92020424). The non-small cell lung carcinoma cell line NCI-H1299 was obtained from
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chromatography on protein A-sepharose followed by anion exchange chromatography

according to standard procedures. An additional chromatography step was performed
on ceramic hydroxyapatite. All preparations were stored in 1xPBS at 4°C and tested
for low endotoxin levels by using the kinetic LAL method. The anti-actin antibody

20 clone C4 was from Millipore (ref. # MAB1501). The peroxydase (PO) conjugated goat

anti-mouse 1gG Ab was from Jackson Immunoresearch (ref. # 115-035-003).
Induction of phosphorylation

MDA-MB-231 cells were plated in complete medium in P100 Petri-dishes (5 plates per
sample) at 3 x 10° cells per plate and incubated for 48 hrs at 37°C in a CO, incubator.

25  Cells were serum starved for 18 hrs and subsequently treated with huZH11 or hu2H11-
R35/R74 10 ug/mL or with EphrinA1/Fc at 2 ug/mL 10 min to 2 hrs at 37°C.

Inhibition of phosphorylation

Serum starved MDA-MB-231 or NCI-H1299 cells were incubated with chKTI, hu2H11
or huzZH11R35R74 (10 pg/mL) 1 hrs at 37°C. EphrinA1/Fc was then added at 1 pg/mL
30 and cells were further incubated 10-30 min at 37°C.

Preparation of cell extracts
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A pre-cleaning step of cell extracts (0.3-0.5 mg per sample) was performed by adding
protein G Sepharose 4 fast flow (GE Healthcare Life Sciences ref. # 17-0618-01)
previously equilibrated in lysis buffer (1 hr at 4°C on a rotator). Incubation was
performed 30 min at 4°C on a rotator. Samples were centrifuged 2 min at 1500 rpm,

15  supernatant were collected and incubated over night on a rotator with the anti-EphA2
Ab clone D7 (4 uL per sample). Immunoprecipitation was performed with Protein G
Sepharose 4 hrs at 4°C on a rotator. Samples were centrifuged 2 min at 1500 rpm at
4°C and washed 3 times 5 min with 100 uL of lysis buffer. Imnmunoprecipitated beads
were resuspended in 50 pL of 4 x NUPAGE LDS sample buffer (Invitrogen ref. #

20 NPO0007) supplemented with NUPAGE reducing agent (Invitrogen ref. # NP0009),
heated 5 min at 95°C centrifuged 5 min 1500 rpm and kept at -20°C or subjected to

electrophoresis.
Immunoblotting

Immunoprecipitates or cell extracts were loaded on a 4-12% Bis-Tris Midi gel

25  (Invitrogen # NP0322BOX) with reference molecular weight markers (GE healthcare
Life Sciences ref. # RPN800) and electrophoresis was performed 3 hrs at 150 V in
MOPS-SDS buffer 1 x (Invitrogen ref. # NP0O001). Electroblotting was performed on
PVDF membranes (Invitrogen ref. # LC2007) with an i-blot™ apparatus (Invitrogen)
using programme 3. Blocking of the membranes was performed in TBST 1x (i.e. Tris-

30 Buffered Saline Sigma ref. # T 5912, 0.1% Tween 20 Sigma ref. # P1379)
supplemented with 5% Bovine serum albumin. Labeling with the anti-EphA2 Ab clone
D7 or the anti-Phosphotyrosine 4G10 Ab were performed over night at 4°C in the same

buffer. Labeling with anti-Actin Ab clone C4 was performed 1h at room temperature.
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After subsequent washing of the membranes with 1 x TBST development of the
Immunoblots was performed using the PO-conjugated goat anti-mouse Ab and the
ECL kit from Perkin Elmer (ref. # NEL 104001EA). Luminescence was read on a
Fuji4000 apparatus.

5 Results

Induction of the phosphorylation of EphA2 by hu2H11 or hu2ZH11R35R74 Abs was

investigated in MDA-MB231 cells using recombinant EphrinA1/Fc as a positive control.

Results are presented in figure 4. No induction of phosphorylation could be detected

with any of the two Abs from 10 min to 2 hrs while recombinant EphrinA1/Fc¢ induced a
10  strong phosphorylation of the EphA2 receptor at 10 min with a decline of the signal

starting at 1 hr and a degradation of the receptor beginning to be visible at 2 hrs.

Inhibition of the phosphorylation of EphA2 after induction by EphrinA1/Fc was

investigated in NCI-H1299 and MDA-MB-231 cells. Results are presented in figures 5

A and 5B. In both cases, pre-incubation of the cells with any of the two Abs inhibited
15  phosphorylation of the EphA2 receptor by EphrinA1/Fc.

We can conclude that hu2H11 and hu2ZH11R35R74 have similar inhibitory activity on
the EphA2 receptor.

Example 3

Binding Characterization of Conjugated Anti-EphA2 Antibodies, huZH11R35R74 and
20  huZH11.

The interaction of the anti-EphA2 antibodies hu2H11 and hu2ZH11R35R74, either
naked or conjugated to DM4 with the PEG4-NHAc linker, with immobilized EphA2-Fc
was monitored by surface plasmon resonance detection using a BlAcore 3000
instrument (GE healthcare, N°CH321). EphA2-Fc (10 ug/ml; Acetate buffer

25 pH=4.5)was coupled to the matrix of a C1 sensor chip (GE healthcare BR-1005-40 )
at 10 pl/min using a standard amine coupling protocol with EDC (N-ethyl-N’-[dimethyl-
aminopropyl]carbodiimide)/NHS (N-hydroxysuccinimide). The density was controlled at
an increased response level of ~100 response units (RU) in kinetic binding
experiments. IgGs were diluted in 0.01 M Hepes, pH 7.4 containing 0.15 M NaCl, 3mM

30 EDTA, and 0.005% P20. All subsequent dilutions were made in the same buffer. All
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binding experiments were performed at 25 °C with 1gG concentrations typically ranging

from 50 to 0.2 nM at a flow rate of 50 pl/min.

Data were collected for approximately 12 min (2 min association time and 10 min
dissociation time) and 1 min pulse at 30 pl/min of 1M NaCl, 50 mM NaOH was used to
regenerate the surfaces. IgGs were also flowed over an uncoated cell and the
sensorgrams from the blank runs were substracted from those obtained with EphA2-F¢
coupled chips. Data were fitted to a 1:1 Langmuir binding model with drifting baseline.
This algorithm calculates both the ko, and the ko from which the apparent equilibrium
dissociation constant Kp, is deduced as the ratio of the two rate constants (ke/kon). The

values obtained are indicated in Table I.

The affinity constant was first measured with both naked hu2H11 and hu2ZH11R35R74.
Analysis of the binding data of huZH11 to EphA2-Fc give a Kp of 0.30 nM; this value
was similar to the Kp of huZH11R35R74 (0.22 nM). However, when conjugated
antibodies were used in the assay, the results were dramatically different: conjugated
hu2H11 with a high drug-to-antibody-ratio such as 7.5 displayed a Kp increased by 5.4
fold, when compared to the naked antibody (1.62 nM vs. 0.30 nM). On the other hand,
the Kp the huZH11R35R74 conjugated at a drug-to-antibody ratio of 7.4 was not
different from the one of the naked antibody (0.27nM vs. 0.22 nM). Moreover, the Kp

was not significantly different for drug-to-antibody ratios ranging from 5.6 to 8.4.

We conclude that the affinity of the 2H11R35R74 antibody is not affected by

conjugation, even at high-drug-to-antibody ratios.

Example 4

Inhibition of growth of EphAZ2 expressing tumor cells by humanized 2H11R35R74-
PEG4-Mal-DM4

Inhibition of Lovo tumor cells

Lovo tumor cells (2000 per well) were plated in 96-well tissue culture plates in complete
serum-containing media. Conjugates were serially diluted and added to triplicate wells
at concentrations ranging between 107 and 102 M. Cells were cultured at 37°C/5%
CO; in the presence of the antibody-cytotoxic compound conjugates for 5 days, after
which time a 4 h WST8 assay was performed according to the manufacturer’s
instructions (Dojindo Cell Counting Kit-8, Cat.#CKO04) to evaluate cell survival and

growth. Cell-free reagent blanks were subtracted from the test well readings and the
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data were plotted as surviving fractions obtained by dividing readings of the conjugate-

treated cells by the average of readings from control wells of vehicle-treated cells.

The cytotoxic potency of two lots of huZH11R35R74-PEG4-Mal-DM4 at high
maytansine/antibody ratios (6.70 D/A and 7.00 D/A) was compared with that of a wild-
5 type huZH11-PEG4-Mal-DM4 conjugate having a comparable maytansine/antibody
ratio (6.99 D/A). As may be seen in Figure 7, the two hu2H11R35R74-PEG4-Mal-DM4
conjugates showed higher potency than the corresponding conjugate of the wild-type

hu2H11 against the EphA2-positive Lovo cell line (Table I1).

Example 5

10  Inhibition of growth of EphAZ2 expressing tumor cells by humanized 2H11R35R74-
PEG4-NHAc-DM4

Inhibition of growth of MDA-MB231 and SKMEL28

Cells in exponential phase of growth were trypsinized and resuspended in their
respective culture medium (DMEM/F12 Gibco #21331; 10% SVF Gibco # 10500-056;

15  2nM Glutamine Gibco # 25030 for MDA-MB231cells; DMEM (Gibco # 11960) 10% SVF
Gibco # 10500-056; 2nM Glutamine Gibco # 25030 for SKMEL-28 cells) . Cell
suspension was distributed in 96-well Cytostar culture plates (GE Healthcare Europe, #
RPNQO0163 ) in complete serum-containing media at a density of 5000 cells/well (MDA-
MB231, SKMEL-28). After coating for 4 hours, serial dilutions of conjugates were

20  added to triplicate wells at concentrations ranging between 10-7 and 102 M. Cells
were cultured at 37°C/5% CO2 in the presence of the antibody-cytotoxic compound
conjugates for 3 days. The 4th day, 10 ul of a solution of 14C thymidine (0.1 uCi/well
(Perkin ElImer # NEC56825000) was added to each well. The uptake of 14C thymidine
was measured 96 hours after the experiment has been started with a microbeta

25 radioactive counter (Perkin Elmer). Cell-free reagent blanks were substracted from the
test well readings and the data were plotted as surviving fractions obtained by dividing
readings of the conjugate-treated cells by the average of readings from control wells of
vehicle-treated cells. In some experiments, the naked antibody (2H11 or 2H11R35R74)
was added to the wells at a concentration of 1 uM at the beginning of the experiment,

30  and inhibition of proliferation was measured as previously described.
Results

Results reported in table Ill suggest that the 2H11R35R74-PEG4-NHAC-DM4 as well
as the 2H11R35R74-PEG4-Mal-DM4 conjugates are better than former conjugates in
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terms of in vitro proliferation inhibition on MDA-MB231 cells and in vitro selectivity

against antigen minus cells (SKMEL-28)

Example 6
Pharmacokinetics Study

5 The present study was designed to evaluate the pharmacokinetic behavior of the
hu2H11R35R74-PEG4-NHAc-DM4 conjugate (DAR = 5.5) in comparison to the
hu2H11-SPDB-DM4 conjugate (DAR = 3.9) in CD-1 mice. Animals received 20 mg/kg
by IV route of each conjugate and blood was collected at 0, 8, 24, 48, 72, 120, 168,
240, 336, 504, 672 h post-injection. Plasma levels of antibody drug conjugates were

10  measured to establish basic single dose pharmacokinetic parameters under standard
conditions. The plasma concentrations of conjugates and their antibody component
(total antibody, a sum of conjugated antibody and any de-conjugated antibody) were

measured by specific ELISA techniques.

The clearance-related pharmacokinetic parameters for the antibody component of

15  hu2H11-SPDB-DM4 (total) were calculated to be Cl (clearance) of 0.00043 L/h/kg, T1/2
(terminal half life) of 160 h, AUC 0-inf (area under the concentration time-curves from
time zero to infinity) of 47,000,000 ng.h/mL, Vdss (steady-state volume of distribution)
of 0.095 L/kg and CO (concentration at time 0) of 270,000 ng/mL.

The pharmacokinetic parameters for hu2ZH11-SPDB-DM4 conjugate were calculated to
20  be Cl of 0.00070 L/n/kg, T1/2 of 87 h, AUC 0-inf of 28,000,000 ng.h/mL, Vdss of 0.080
L/kg and CO of 360,000 ng/mL.

The PK parameters for the antibody component of hu2ZH11R35R74-PEG4-NHAc-DM4
(total) were Cl of 0.00027 L/h/kg, T1/2 of 190 h, AUC 0-inf of 73,000,000 ng.h/mL, Vdss
of 0.068 L/kg and CO of 530,000 ng/mL.

25  Finally, the huZH11R35R74-PEG4-NHAc-DM4 conjugate showed values of: 0.00036
L/h/kg for clearance, T1/2 of 150 h, AUC 0-inf of 56,000,000 ng.h/mL, Vdss of 0.069
L/kg and CO of 600,000 ng/mL.

In conclusion, hu2H11-SPDB-DM4 conjugate is cleared faster than huZH11R35R74-
PEG4-NHAc-DM4. Furthermore, compared with hu2ZH11-SPDB-DM4, hu2ZH11R35R74-

30 PEG4-NHAc-DM4 showed a better exposure (AUC 0-inf) and a narrower separation
between the total conjugated antibody and total antibody curves (compare figs 7 and
8).
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Example 7

Antitumor effect of hu2ZH11R35R74-PEG4-NHAc-DM4 and hu2H11-PEG4-NHAc-DM4
conjugate against a primary colon tumor, CR-LRB-004P implanted in female SCID

mice

Materials and Methods

For the evaluation of anti-tumor activity of conjugates, animals were weighed daily and
tumors were measured 2 times weekly by caliper. Tumor weights were calculated using
the formula mass (mg) = [length (mm) x width (mm)?)/2. Antitumor activity evaluation

10  was done at the highest non toxic dose (HNTD).

A dosage producing a 20% body weight loss (bwl) at nadir (mean of group) or 10% or
more drug deaths, was considered an excessively toxic dosage. Animal body weights
included the tumor weights. The primary efficacy end points are AT/AC, percent
median regression, partial and complete regressions (PR and CR) and Tumor free

15  survivors (TFS).

Changes in tumor volume for each treated (T) and control (C) are calculated for each
tumor by subtracting the tumor volume on the day of first treatment (staging day) from
the tumor volume on the specified observation day. The median AT is calculated for the
treated group and the median AC is calculated for the control group. Then the ratio

20  AT/AC is calculated and expressed as a percentage:

medz'an(Tt - TO)

x 100
medz'an( t— CO)

% AT/IAC =

The dose is considered as therapeutically active when AT/AC is lower than 40% and
very active when AT/AC is lower than 10%. If AT/AC is lower than 0, the dose is

25  considered as highly active and the percentage of regression is dated (ref 1):

% tumor regression: is defined as the % of tumor volume decrease in the treated group

at a specified observation day compared to its volume on the first day of first treatment.

At a specific time point and for each animal, % regression is calculated. The median %

regression is then calculated for the group.
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Partial regression (PR): Regressions are defined as partial if the tumor volume

decreases to 50 % of the tumor volume at the start of treatment.

5  Complete regression (CR): Complete regression is achieved when tumor volume =0

mm?® (CR is considered when tumor volume cannot be recorded).

TES: Tumor free is defined as the animals with undetectable tumors at the end of the

study (>100 days post last treatment)

Results

10  The antitumor effect of hu2zZH11-PEG4-NHAc-DM4 -conjugate and hu2H11R35R74-
PEG4-NHAc-DM4 was evaluated at 2 dose levels against a measurable primary colon
tumor, CR-LRB-004P, strongly expressing target, S.C. implanted in female SCID mice.
Control group was left untreated. Doses were expressed in milligram of protein per
kilogram. huZH11R35R74-PEG4-NHAc-DM4 was administered at 40 and 10 mg/kg, by

15  an intravenous (V) bolus injection, on day 15. To give equivalent dose of DM4,
hu2H11-PEG4-NHAc-DM4 was administered at 44 and 11 mg/kg.

As shown on Table V, using a single administration schedule in CR-LRB-004P tumor,
hu2H11R35R74-PEG4-NHAc-DM4 was active at 40 and 10 mg/kg with a AT/AC of 28
and 39% respectively while hu2H11-PEG4-NHAc-DM4 was active only at 44 mg/kg

20 witha AT/AC of 26%. At 10 mg/kg, hu2H11-PEG4-NHAc-DM4 was not active in this

model.

From these results, hu2ZH11R35R74-PEG4-NHAc-DM4-conjugate at lower dose
exhibited a better activity than hu2H11-PEG4-NHAc-DM4 conjugate.

Example 8

25 Impact of the DAR on the anti-tumor activity of hu2ZH11R35R74-PEG4-NHAc-DM4
against prostatic adenocarcinoma PC-3 in SCID female mice

The effect of the DAR on the antitumor activity of antibody drug conjugate
hu2H11R35R74-PEG4-NHAc-DM4 was evaluated comparing two low effective doses
at six different Drug antibody ratios (DAR) on Prostatic PC-3 tumors S.C. implanted in
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female SCID. Control group was left untreated. Doses were expressed in milligram of
protein per kilogram. DAR was determined by an UV method. huZH11R35R74-PEG4-
NHAc-DM4 was administered at 10 and 5 mg/kg with DARs at 3.4, 4.4,5.9,6.2,7.4

and 8.4, respectively, by an intravenous (IV) bolus injection, on day 16.

5 Materials and Methods

For the evaluation of anti-tumor activity of conjugates, animals were weighed daily and
tumors were measured 2 times weekly by caliper. Tumor weights were calculated using
the formula mass (mg) = [length (mm) x width (mm)?)/2. Antitumor activity evaluation

was done at the highest non toxic dose (HNTD).

10 A dosage producing a 20% body weight loss (bwl) at nadir (mean of group) or 10% or
more drug deaths, was considered an excessively toxic dosage. Animal body weights
included the tumor weights. The primary efficacy end points are AT/AC, percent
median regression, partial and complete regressions (PR and CR) and Tumor free

survivors (TFS).

15  Changes in tumor volume for each treated (T) and control (C) are calculated for each
tumor by subtracting the tumor volume on the day of first treatment (staging day) from
the tumor volume on the specified observation day. The median AT is calculated for the
treated group and the median AC is calculated for the control group. Then the ratio

AT/AC is calculated and expressed as a percentage:

medz'an(Tt - TO)

20 % AT/AC =
medz'an( t— CO)

x 100

The dose is considered as therapeutically active when AT/AC is lower than 40% and
very active when AT/AC is lower than 10%. If AT/AC is lower than 0, the dose is

considered as highly active and the percentage of regression is dated (ref 1):

25 % tumor regression: is defined as the % of tumor volume decrease in the treated group

at a specified observation day compared to its volume on the first day of first treatment.

At a specific time point and for each animal, % regression is calculated. The median %

regression is then calculated for the group.

volume , — volume,

% regression (at t) = x100

volume
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Partial regression (PR): Regressions are defined as partial if the tumor volume

decreases to 50 % of the tumor volume at the start of treatment.

Complete regression (CR): Complete regression is achieved when tumor volume =0

5 mm® (CRis considered when tumor volume cannot be recorded).

TES: Tumor free is defined as the animals with undetectable tumors at the end of the

study (>100 days post last treatment)

Results

As illustrated in table VI using a single administration schedule, huZH11R35R74-
10 PEG4-NHAc-DM4 at 10 mg/kg showed an activity from a DAR of 4.4 to the higher DAR
of 8.4.

At 5 mg/kg, huzZH11R35R74-PEG4-NHAc-DM4 showed an activity from a DAR of 5.9
to the higher DAR of 8.4.

In conclusion, the DAR has an effect on the tumor activity of hu2ZH11R35R74-PEG4-
15 NHAc-DM4 and one can deduce from these results that the optimal DAR of
hu2H11R35R74-PEG4-NHAc-DM4 is at least equal to 5.9.

Example 9

Impact of the DAR on the PK parameters of huzH11R35R74-PEG4-NHAc-DM4.

The pharmacokinetic properties of hu2ZH11R35R74-PEG4-NHAc-DM4 at different drug-

20  antibody ratio (DAR) were evaluated in male CD-1 mice after a single intravenous
administration of 20 mg/kg of conjugate. Plasma levels of conjugates were measured
to establish basic single dose pharmacokinetic parameters under standard conditions.
PK parameters were compared to those of the naked parental antibody. The plasma
concentrations of conjugates and their antibody component (total antibody, a sum of

25  conjugated antibody and any de-conjugated antibody) were measured by specific
ELISA technigues.

Results (see figures 9A and 9B) show a reverse correlation between the DAR values

and the exposure to the total antibody components with AUC 0-inf values of
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83,000,000, 61,000,000, 48,000,000, 46,000,000, 41,000,000 and 27,000,000 ng-h/mL
for DAR of 0, 3.4, 4.3, 5.9, 6.6 and 7.4, respectively.
Similarly there is a reverse correlation between the DAR values and the exposure to
the conjugate with AUC 0-inf values of 39,000,000, 30,000,000, 27,000,000,

5 29,000,000 and 20,000,000 ng-h/mL for DAR of 3.4, 4.3, 5.9, 6.6 and 7.4, respectively.
There is a perfect correlation between the DAR values and the elimination of the
antibody component with Cl values of 0.00024, 0.00033, 0.00042, 0.00043, 0.00049
and 0.00074 L/h/kg for DAR 0, 3.4, 4.3, 5.9, 6.6 and 7.4, respectively.

Similarly there is almost a perfect correlation between the DAR values and the
10  elimination of the conjugate with Cl values of 0.00051, 0.00066, 0.00075, 0.00069,
0.00099 L/h/kg for DAR 3.4, 4.3, 5.9, 6.6 and 7.4, respectively.
In conclusion, the DAR has an impact on the PK parameters with a decreased
exposure and an increased elimination when the DAR increases.
According to results from efficacy and PK evaluation, the optimal DAR will be included
15  between 5.9 and 7.4.
Example 10
Evaluation of hu2H11R35R74-PEG4-NHAc-DM4 against prostatic
adenocarcinoma PC-3 in SCID female mice
The antitumor effect of antibody drug conjugate hu2ZH11R35R74-PEG4-NHAc-DM4
20 was evaluated at 8 dose levels against measurable prostatic PC-3 tumor, strongly
expressing target, S.C. implanted in female SCID mice. Control group was left
untreated. Doses are expressed in milligram of protein per kilogram.
They were administered at 160, 120, 80, 40, 20, 10, 5 and 2.5 mg/kg, by an
intravenous (IV) bolus injection, on day 17.
25  Materials and Methods

For the evaluation of anti-tumor activity of conjugates, animals were weighed daily and
tumors were measured 2 times weekly by caliper. Tumor weights were calculated using
the formula mass (mg) = [length (mm) x width (mm)?)/2. Antitumor activity evaluation

was done at the highest non toxic dose (HNTD).
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A dosage producing a 20% body weight loss (bwl) at nadir (mean of group) or 10% or
more drug deaths, was considered an excessively toxic dosage. Animal body weights
included the tumor weights. The primary efficacy end points are AT/AC, percent
median regression, partial and complete regressions (PR and CR) and Tumor free

5  survivors (TFS).

Changes in tumor volume for each treated (T) and control (C) are calculated for each
tumor by subtracting the tumor volume on the day of first treatment (staging day) from
the tumor volume on the specified observation day. The median AT is calculated for the
treated group and the median AC is calculated for the control group. Then the ratio

10  AT/AC is calculated and expressed as a percentage:

median(Tt — T0)

% ATIAC =
’ median( t —C0)

x 100

The dose is considered as therapeutically active when AT/AC is lower than 40% and
very active when AT/AC is lower than 10%. If AT/AC is lower than 0, the dose is

15  considered as highly active and the percentage of regression is dated (ref 1):

% tumor regression: is defined as the % of tumor volume decrease in the treated group

at a specified observation day compared to its volume on the first day of first treatment.

At a specific time point and for each animal, % regression is calculated. The median %

regression is then calculated for the group.

volume , — volume,

20 % regression (att) = x100

volume

Partial regression (PR): Regressions are defined as partial if the tumor volume

decreases to 50 % of the tumor volume at the start of treatment.

Complete regression (CR): Complete regression is achieved when tumor volume =0

25 mm?® (CRis considered when tumor volume cannot be recorded).

TES: Tumor free is defined as the animals with undetectable tumors at the end of the

study (>100 days post last treatment)
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Using a single administration schedule, the highest dose of conjugate tested

(160mg/kg) was found to be toxic, inducing body weight loss and drug-related deaths.

As illustrated on table VIII at the HNTD (120 mg/kg) and other lowest doses, the
compound was highly active. For all doses except for 2.5 mg/kg, huZH11R35R74-
PEG4-NHAc-DM4 induced partial regressions and for 120, 80 and 20 mg/kg, it induced
complete regressions. In addition, the tumor model was cachexic, and the
administration of the compound reduced the body weight loss at nadir in comparison

with Control

In conclusion, hu2ZH11R35R74-PEG4-NHAc-DM4 showed a high activity with a good

dose-effect on Prostatic PC-3 tumor model.

Example 11

Mapping of the epitope and identification of the paratope by structure

determination of the crystal structure of the extra-cellular domain of EphA2
receptor_in complex with the Fab fragment from hu2H11-R35-R74 at 2.1A

resolution.
Material and Methods

Initial crystallization trials were made on glycosylated extra-cellular domain of EphA2
receptor-Fc¢ in complex with the Fab of huZH11R35-74. Crystals were obtained only in
presence of trypsin. These crystals were analyzed and peptide mapping showed that
they contained the Fab, some portion of the N-terminal domain of extra-cellular domain
of EphA2 and of the Fc. Another batch of complex was produced, this time using
aglycosylated extra-cellular domain of EphAZ2 receptor with terminal His-tag, in
complex with recombinant Fab fragment from hu2H11R34-R74-His. Both constructs of
the EphA2 receptor provide the same structure of the complex between EphA2
receptor and hu2H11R34-R75.

Extra-cellular region of EphA2 receptor is made of 4 domains and has been shown to
be very flexible: the LBD (Ligand Binding Domain), the CRD (Cystein-Rich Domain)
and two Fibronectin Repeats, nFN3 and cFN3. The different domains were used as

search models for molecular replacement calculation either alone or in combination;
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models of the variable and constant domains of the Fab were also produced and used,

as well as a model of the Fc¢ (pdb code 1IGT) to solve the crystal structure.

Various crystallization conditions were tested and a 2.1A dataset collected at the ESRF
was used to solve the structure of the complex. It has enabled us to analyze the

5 interface between the extra-cellular domain of EphA2 receptor and hu2H11R34-R74.

Even though the full length EphA2 extracellular region (25-534) was present initially,
the crystals contain only the LBD and CRD domains of the protein (residues 25-325 or

327 depending on the crystal (here a sequential numbering is used).
Results
10  Epitope mapping

Figure 10: illustrates the mapping of the extra-cellular domain of EphAZ2 receptor
epitope for huZH11R34-R75 (epitope residues are defined as residues which contain
atoms that lie within 4A from any atom of the CDR residues of hu2H11R34-R74 Fab

fragment).

15  The epitope of extra-cellular domain of EphA2 receptor when bound to Fab fragment of
hu2H11R34-R74 is a conformational epitope that includes residues of the LBD domain
Gly49, Lys50, Gly51, Asp53, Cys70, Asn71, Val72, Met73, Ser74, Gly75, GIn77,
Phe108, Pro109, Gly110, Gly111, Ser113 and Ser114.

Figure 11: shows residues from the extra-cellular domain of EphA2 receptor that are
20  part of the epitope (represented in dark grey); residues in light grey are not visible in

the crystal structures.

Figure 12 A: represents the overall structure of the complex and figure 11B is a

magnification of the part with the two mutations introduced in position 35 and 74..

Conjugation of hu2H11 occurs on surface lysine residues. Two of these were mutated
25 into arginine. These two residues, heavy chain R74 and light chain R35 are depicted in
figure 12B:

R74 lies in proximity of the interface, facing away from the extra-cellular domain of

EphA2 receptor and about 10A from the nearest extra-cellular domain
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R35 is one of the paratope residues and it makes an H-bond with Asp53 from the
extra-cellular domain of EphA2 receptor. A lysine reside would very likely make the
same interactions with the antigen and its conjugation would clearly be detrimental for
antibody binding.

5 Paratope analysis

The interface between the extra-cellular domain of EphA2 receptor and huZH11R35-
R74 does not involve all CDR loop. As can be seen from Fig 12, mainly the heavy
chain CDRs are involved in binding. This suggests that changes in the CDRs of
hu2H11, particularly in the light chain but not exclusively, can be introduced without

10  adversely affect binding to the EphA2 receptor. Loop L3 of the light chain is not
involved at all in the interface, while only one residue at the end of L1 (Arg35) interacts
with the extra-cellular domain of EphA2. This implies that changes in loop L3 should
not impact binding to EphA2 and that loop L1 should tolerate mutations/insertions of
amino acid residues as long as they don’t destabilize the conformation and orientation

15  of Arg35 residue.

The paratope of hu2H11-R35-R74 for EphA2 receptor involves the following residues
of the light chain: Arg35 of Loop L1, Tyr54, Arg58 and Asp60 of L2. It involves in the
heavy chain the following residues: Thr30, Ala31, Tyr32 and Tyr33 of Loop H1, Asn52,
Tyr54, Asn55 and Phe57 of H2 and Glu99, Phe100, Tyr101, Gly102, Tyr103 and

20  Tyr105 of H3. A sequential numbering scheme is used for the light and heavy chains.

It might be possible to improve the affinity of the hu2H11-R35-R74 antibody for EphA2
receptor using the structural data and for instance by the approach described Clark et
al (Protein Science (2006), 15:949-960) or Lippow et al (Nature Biotech (2007),
10:1171-76).

25 Loop H1: it might be possible to create additional interactions, for instance with Asp76,

by judicious mutation of Thr H28.

Interactions between the light chain and Epha2 receptor do not involve many residues.
Nevertheless, creating new interactions would probably require significant insertions in

either loop L1 or L3.

30 Interactions between these loops and EphAZ2 receptor occur via rather large or long

residues: any change in this environment might result in loss of binding affinity.
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This X-ray structure highlights residues from the CDRs that can be mutated, that
should not impact binding to EphAZ2.

In the following descriptions, residues from the paratope should not be modified, unless
s0 specified to preserve the binding to the EphAZ2 receptor. It also understood that
mutations in the CDRs should not affect the conformation and orientation of the
residues from the paratope to preserve binding to the EphA2 receptor. Residue
numbering is sequential and does not follow Kabbat conventions as used in Al-Lazikani
((1997) J. Mol. Biol. 273, 927-948). “X” represents “any residue”, while “-” indicates that

no modification should be made at this position.

In the CDR L1 (SEQ ID °4) except D 33 and R35 there is no restriction on sequence
provided length of the loop is conserved and it adopts canonical structure L1-kappa4
as described in J. Mol. Biol. (1992) 227: 799-817, J. Mol. Biol. (1992) 227: 776-798 and
in Al-Lazikani et al (cited supra). This means that torsion angles of peptide bonds fall

within the accepted range defined in Fig 5 of Al-Lazikani et al (cited supra).

Arg35 has been mutated to prevent conjugation on this residue. A Lys would
nevertheless make the same interactions with EphA2 and hence it is predicted that
parent hu2H11 antibody will make the same interaction with EphA2 receptor and

engage the same epitope of EphAZ2 receptor.

An Asp is the preferred residue at position 33.

Numbering | 26 [27 [28 (29 |30 (31 |32 (33 (34 |35 |36 |37

Initial S Q |S L | H |S |D G R T Y

sequence

Suggested | X X | X | X |X X | X [D X R/K| X X

mutations

In the CDR L2 (SEQ ID N°5) both Leu could be replaced by the conservative

substitution such as lle. Val might be replaced by lle (less favorable). The first Ser of
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the loop can be replaced by any residue, while the second might be replaced by

another hydrophilic/charged reside. The Tyr residue (54) should not be changed.

Numbering | 54 [ 55 | 56 | 57 [ 58 | 59 | 60 | 61

Initial Y |[L [V |S |[R|L |D ]S
sequence

Suggested |- |[L/A|V/i|[X |- |LI|- |S/T/DINE/Q
mutations

In the CDR L3 (SEQ ID N°6) there is no restriction on sequence nor length of the loop
5 aslong as it adopts canonical structure L3-kappa1 as defined in Al-Lazikani et al (cited

supra).

Numbering | 94 | 9596 | 97 | 98 [ 99 | 100 [ 101 | 102

Initial WIlQ [G |S |H [F |P R T

sequence

Suggested [ X [ X | X [X | X [X | X X X

mutations

Around the CDR H1 (SEQ ID N°1) GYTFTAYY) the first Thr of the loop (Thr 28) is a

potential position for affinity maturation.

Numbering | 26 | 27 | 28 291301313233
Initial G |Y [T FIT [A]|Y Y
sequence

Suggested |- |- |Special |- |- |- [- |-
mutations

10

In the CDR H2 (SEQ ID N°2) the Phe and Tyr can be replaced by any aromatic residue
(F/YIW).
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Numbering | 52 | 53 | 54 55| 56 | 57
Initial N |P |Y N |G |F
sequence
Suggested |- |- |YFW]|- |- [FYW
mutations

As for the CDR H3 (EFYGYRYFDV) no change should be made to this loop.

Numbering | 99 | 100 | 101 | 102 | 103 | 104 [ 105 | 106 | 107 | 108
Initial E |F Y G |Y R Y F D Vv
sequence

Suggested |- |- - - - - - - - -
mutations

Ephrin binding site

The hu2H11 antibody shows functional activity: it inhibits ephrin-A1 binding and ephrin-
A1 induced phosphorylation of EphA2. The structure of the LBD and CRD domains of
the EphA2 receptor in complex with ephrinA1 has been published (PDB code 3MBW).
When superimposing this structure on that of EphA2 in complex with the Fab fragment
of hu2zZH11R35R74, it clearly appears that the light chain of the Fab fragment of
2H11R35R74 overlaps with the binding area of ephrin-A1 on EphA2 and hence

confirms the competitive nature of the huZH11 antibody.

Example 12

Inhibition of growth of EphA2 expressing tumor cells by humanized
2H11R35R74-DM4 conjugates

MDA-MB231 cells in exponential phase of growth were trypsinized and resuspended in
culture medium (DMEM/F12 Gibco #21331; 10% SVF Gibco # 10500-056; 2nM
Glutamine Gibco #). Cell suspension was distributed in 96-well Cytostar culture plates
(GE Healthcare Europe, # RPNQO0163 ) in complete serum-containing media at a
density of 5000 cells/well After coating for 4 hours, serial dilutions of conjugates were

added to triplicate wells at concentrations ranging between 10-7 and 102 M. Cells
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DVA D/ A=8. 4
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were cultured at 37°C/5% CO2 in the presence of the antibody-cytotoxic compound
conjugates for 3 days. The 4th day, 10 ul of a solution of 14C thymidine (0.1 uCi/well
(Perkin ElImer # NEC56825000) was added to each well. The uptake of 14C thymidine
was measured 96 hours after the experiment has been started with a microbeta
radioactive counter (Perkin Elmer). Cell-free reagent blanks were substracted from the
test well readings and the data were plotted as surviving fractions obtained by dividing
readings of the conjugate-treated cells by the average of readings from control wells of
vehicle-treated cells. In some experiments, the naked antibody (2H11 or 2H11R35R74)
was added to the wells at a concentration of 1 uM at the beginning of the experiment,

and inhibition of proliferation was measured as previously described.
Results

Results reported in table IX suggest that all ZH11R35R74 DM4 conjugates tested are
as potent as the huZzZH11R35R74-Peg4-AcNH-DM4 in inhibiting the growth of MDA-
MB231 cells.

Example 13

Evaluation of different linkers on the anti-tumor activity of 2h11-DM4 conjugates
against colon adenocarcinoma Lovo in SCID female mice

Materials and Methods

For the evaluation of anti-tumor activity of conjugates, animals were weighed daily and
tumors were measured 2 times weekly by caliper. Tumor weights were calculated using
the formula mass (mg) = [length (mm) x width (mm)?)/2. Antitumor activity evaluation

was done at the highest non toxic dose (HNTD).

A dosage producing a 20% body weight loss (bwl) at nadir (mean of group) or 10% or
more drug deaths, was considered an excessively toxic dosage. Animal body weights
included the tumor weights. The primary efficacy end points are AT/AC, percent
median regression, partial and complete regressions (PR and CR) and Tumor free

survivors (TFS).

Changes in tumor volume for each treated (T) and control (C) are calculated for each
tumor by subtracting the tumor volume on the day of first treatment (staging day) from
the tumor volume on the specified observation day. The median AT is calculated for the

treated group and the median AC is calculated for the control group. Then the ratio
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AT/AC is calculated and expressed as a percentage:

median(Tt — T0)

% AT/IAC =
° medz'an( t— CO)

x 100

The dose is considered as therapeutically active when AT/AC is lower than 40% and
very active when AT/AC is lower than 10%. If AT/AC is lower than 0, the dose is

5 considered as highly active and the percentage of regression is dated (ref 1):

% tumor regression: is defined as the % of tumor volume decrease in the treated group

at a specified observation day compared to its volume on the first day of first treatment.

At a specific time point and for each animal, % regression is calculated. The median %

regression is then calculated for the group.

volume,, — volume, 100

10 % regression (att) =
volume,,

Partial regression (PR): Regressions are defined as partial if the tumor volume

decreases to 50 % of the tumor volume at the start of treatment.

Complete regression (CR): Complete regression is achieved when tumor volume =0

mm?® (CR is considered when tumor volume cannot be recorded).

15  TES: Tumor free is defined as the animals with undetectable tumors at the end of the

study (>100 days post last treatment)
Results

The antitumor activity of antibody drug 2Zh11-DM4 conjugates with different non
cleavable linkers hu2H11-R35R74-PEG4-AcNH-DM4, hu2H11-R35R74-PEG8-AcNH-
20 DM4, hu2H11-R35R74-PEG4-AcNMe-DM4, hu2H11-R35R74-PEG4-Allyl-DM4  and
hu2H11-R35R74-Acetyl-DM4 was evaluated comparing the same dose of 600 pg of
DM4/kg on Colon Lovo tumors S.C. implanted in female SCID. Control group was left
untreated. Doses were expressed in microgram of DM4 per kilogram. The conjugates

were administered by an intravenous (IV) bolus injection, on day 14.

25 As illustrated in Table X using a single administration schedule, all five conjugate
exhibited the same high activity on Lovo tumor model with a AT/AC < 0 and the same
impact on the body weight loss (-13.3 % in the control group versus -9.5% to 11.2% for
treated groups). The huZH11-R35R74-PEG4-AcNH-DM4 exhibited the best efficacy

with a tumor regression of 82% and 1CR compared to tumor regressions of 72%, 69%,
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41% and 33% without CR for hu2H11-R35R74-PEG4-AcNMe-DM4, hu2H11-R35R74-
Acetyl-DM4, huZ2H11-R35R74-PEG4-Allyl-DM4 and hu2H11-R35R74-PEG8-AcNH-
DM4, respectively.

TABLES

5 Table I: Biacore analysis of the binding of hu2ZH11R35R74 and conjugates thereof to

EphA2

Binding to huEphA2-mFc (133RU) / Biacore kinetic data

NHAc-DM4

huEphA2 antibody [D/A  |Ka (Ken) |Ke (Kor) [Ka (MT)  |Ko (M) |STDEV |Ratio
M's)  |s™)

hu2H11 0  [3.71E+06 [1.10E-03 [3.39E+09 [2.98E-10 [3.61E-11[1.0
hu2H11R35R74 [0 |5.25E+06 |1.15E-03 |4.59E+09 [2.18E-10 [1.13E-110.7
hu2H11R35R74- |5.6 |4.35E+06 |1.15E-03 |[3.80E+09 [2.63E-10 [** 0.9
PEG4-NHAc-DM4

hu2H11R35R74- 6.3 |[4.21E+06 |1.19E-03 |3.55E+09 [2.82E-10 [** 0.9
PEG4-NHAc-DM4

hu2H11R35R74- |7.4 |4.47E+06 |1.23E-03 |3.64E+09 [2.75E-10 [** 0.9
PEG4-NHAc-DM4

hu2H11R35R74- |8.4 |4.15E+06 |1.11E-03 |3.76E+09 [2.66E-10 [** 0.9
PEG4-NHAc-DM4

hu2H11R35R74- 9.3 [3.08E+06 |1.29E-03 [2.38E+09 [4.21E-10 [** 14
PEG4-NHAc-DM4

hu2H11-PEG4-  [7.5 |1.49E+06 [2.42E-03 [6.16E+08 |1.62E-09 [** 5.4
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Table II: Cytotoxic activity of hu2ZH11R35R74-PEG4-Mal-DM4 on Lovo cells

Conjugate DAR [Cso (M)

hu2H11-PEG4-Mal-DM4 6.99 1.22 E-10
hu2H11R35R74-PEG4-Mal-DM4 6.70 7.96 E-11
hu2H11R35R74-PEG4-Mal-DM4 7.00 1.16 E-11

Table IlI: Cytotoxicity of huZH11R35R74 and conjugates thereof on MDA MB231 cells
5 and SKMEL-28 cells

MDA-MB231+
MDA-MB231 SKMEL28
2H11 ADC naked 2H11 | Ratio IC50s
IC50( nM) IC50 (nM)
IC50 (nM)
hu2H11-SPDB-DM4
1.1 8.1 7 8.4
DAR:3.93
hu2H11R35R74-
SPDB-DM4 1.2 115 9 13.1
DAR:3.97
hu2H11R35R74-
PEG4-Mal-DM4 0.1 25.1 228 51
DAR:6.1
hu2H11-PEG4-NHAG-
DM4 0.2 27.4 114 26
DAR = 5.3
hu2H11R35R74-
PEG4-NHAc-DM4 0.06 80.8 1346 104.4
DAR=5.5
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CLAIMS

1. An antibody or an epitope-binding fragment thereof that specifically binds to an
EphA2 receptor and comprising at least one heavy chain and at least one light
chain, wherein said heavy chain comprises three sequential complementarity-

5 determining regions having amino acid sequences represented by SEQ ID NOS: 1,
2, and 3, and wherein said light chain comprises three sequential complementarity-
determining regions having amino acid sequences represented by SEQ ID NOS: 4,
5, and 6.

2. An antibody or an epitope-binding fragment thereof according to claim 1, wherein
10 said monoclonal antibody or epitope-binding fragment thereof is a humanized or

resurfaced antibody or epitope-binding fragment thereof.

3. An antibody or an epitope-binding fragment thereof according to claim 1, wherein
said heavy chain comprises an amino acid sequence consisting of SEQ ID NO: 12
and wherein said light chain comprises an amino acid sequence consisting of SEQ
15 ID NO: 14.

4. An antibody or an epitope-binding fragment thereof according to claim 1, wherein
said heavy chain consists in an amino acid sequence SEQ ID NO: 18, and wherein

said light chain consists in an amino acid sequence SEQ ID NO: 16.

5. A conjugate of an antibody or an epitope-binding fragment according to claims 1-4,

20 wherein said conjugate comprises a cytotoxic agent chosen between:

a) the maytansinoid of formula (XIII):

25

35 (XIIN

40
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b) the maytansinoid of formula (XIV):

10

c¢) the maytansinoid of formula (XXIV):

(XXIV)



6Vw 91, 6Vw 91, |uebv hu2Hll- R35R74- PEG4- AcNH DV hu2H11- R35R74-
PEG3- AcNH DV hu2H11- R35R74- PE&4- AcNVe- DV hu2H11- R35R74- PEGA- Al |yl - DvA
hu2H11- R3g82411/08¢28y| - DVA 104U00 WD 2011/ 039724PCT/ 1B20C0/ 18541 &/234422120
CLAIMS 1. An antibody or an epitope-binding fragnent thereof that
specifically binds to an EphA2 receptor 128d conprising at |east one heavy
chain and at | east one |light chain, wherein said heavy chain conprises
three sequential conplenentarity- 5 determ ning regions having am no acid
sequences represented by SEQ ID NOS: 1, 2, and 3, and wherein said |ight
chai n conpr js afie iy BRAsHBRUS Adrhtla | ementaritydetermning regions having
am no aci d sequences represented by SEQID NCS: 4, 5, and 6. 2. An
anti body or an epitope-binding fragment ;Egreof according to claim1l

it

e

wherein 10sai d nonocl onal anti body 8 pe-bi ndi ng fragment thereof is a
humani zed or resurfaced antibq?y o) pit -wﬁhqﬂ?g t thereof. 3. An
anti body or an epitope-bindi ng\frggnment t herleof cordilag to claim1l,
wherei n sai d heavy chain cogpri|seSgan anmi no acid sequence consisting of SEQ
ID NO 12 and wherein said ﬁ&ﬁﬁ\chain conprises an am no aci d sequence

consi sting of SEQg | 0O 0
Ve 0 A 0 \“\\
H
(o}
— Ao
_0 OH
5 (XXV)

e) the maytansinoid of formula (XXVI):

10 (XXVI)



151D NO 14. 4. An anti body or an epitope-binding fragnment thereof
according to claim1l, wherein said heavy chain consists in an amno acid
sequence 8OQIID3IN4 18, and wherein said |ight chain coR€ITABR1/NS4a22 ani no
aci d sequence SEQ ID NO 16. 5. A conjugate of an antibody or an

epi t ope-bi ndi ng fragnent according to cl'@3ns 1-4, 20wherein said conjugate
conprises a cytotoxic agent chosen between: a) the maytansinoid of formula
(XI11): b) pt hee ARYIARMoRUrdorRfuld 0mha (XIV) (XI'V) c) the maytansinoid
of formula (XXIV): 15 (XXIV) WD 2011/039724 d) the maytansi noi d of
formula (XXV): 0 5(XXV) e) the maytansinojd of forrmula (XXVI): 10(XXVl)

WO 2011/ 039724PCT/ | B2010/ 054422 S/\A’[’O\/i\"/
4
(o]

5 (XXVII)

6. A conjugate according to claim 5, wherein said cytotoxic agent is covalently bound

to the antibody.

7. A conjugate according to any of claims 5 or 6, wherein the cytotoxic agent is the

10 maytansinoid of formula (XIII).
8. A method for preparing a conjugate comprising the steps of:

(i) bringing into contact an optionally-buffered aqueous solution of a cell-binding agent

with a solution of a cytotoxic compound;

(i) then optionally separating the conjugate which was formed in (i) from the unreacted

15 reagents and any aggregate which may be present in the solution;

wherein the cell-binding agent is an antibody according to claims 1-4, and a cytotoxic

agent chosen between:

the compound of formula (XVII):



123 f) the maytansinoid of formula (XXVII): 5(XXVI1) 6. A conjugate
according to claim5, wherein said cytotoxic agent is covalently bound to
the anti by0yn11/039724 7. A conjugate according to any of @eCABIGOZH2L,
wherein the cytotoxic agent is the 10naytan5|n0|d of formula (XI11). 8. A
met hod for preparing a conjugate conpri sAg the steps of: (i) bringing
into contact an optionally-buffered aqueous solution of a cell-binding
agent with a solution of a cytotoxic conmpound; (ii) then optionally
separating the conjugate which was forned in (i) fromthe unreacted
15reagents and any aggregate which nay be present in the solution; wherein
the cell-binding agent is an anti body accQrging t clains 1-4, and a

cyt ot oxi c agent chosen between: the conpou S I)
2011/ 039724PCT/ 1 B2010/ 054422 124 \10 1) Wher \/b]/
N- succi ni m dyl oxy, N—sulfosuccininid Y, N—phthallnldy oxy,

sul f opht hal i m dyl oxy, 2-nitrophen , @-nitrophenyl oxy,

2, 4-di ni4rophenyl oxy, 3- sulfonyl n rophenyl oxy,

3- car boxy- 4- nltrophenbexy| Q{yl++or hal ogen atom and 15t he conpound
of fornula (XVIII)O 5 N

W H

10

(XVI1)

wherein Y is N-succinimidyloxy, N-sulfosuccinimidyloxy, N-phthalimidyloxy, N-
sulfophthalimidyloxy, 2-nitrophenyloxy, 4-nitrophenyloxy, 2,4-dinitrophenyloxy, 3-

sulfonyl-4-nitrophenyloxy, 3-carboxy-4-nitrophenyloxy, imidazolyl, or halogen atom; and

15  the compound of formula (XVIII):

20

25

(XVIII)

wherein Y is N-succinimidyloxy, N-sulfosuccinimidyloxy, N-phthalimidyloxy, N-

sulfophthalimidyloxy, 2-nitrophenyloxy, 4-nitrophenyloxy, 2,4-dinitrophenyloxy, 3-



25 (XVI11) wherein Y is N-succini mdyl oxy, N-sulfosuccinimdyloxy,

N- pht hal i m dyl oxy, N sul fopht hal i m dyl oxy, 2-nitrophenyl oxy,

4-ni t rophﬁowbm«wna 4-di ni trophenyl oxy, 3- WO 2011/ 039PRAREXV14/BA020/ 054422
125 sul fonyl-4-nitrophenyl oxy, 3-carboxy-4-nitrophenyloxy, imdazolyl, or
hal ogen atom and 9. A conjugate obtai ndBbe by the method of claim8. 10. A
conjugate according to claim9, said conjugate having a structure chosen

bet ween t he sgitdnyCa-Hit@BheHyIdxyesarm)-a-rit loxyl RRBSZ NI, dritRidgen B 4msV )
25 WO 2011/8039 24PCT I%?18 01 /05445)%}2('}L 126%3%?)%/1 |s&%n rant |9(§ody accordi ng

to clains 193 AREnjgAtE BIAINEHLheGREREA SEdaiRed. veen 1 and 15.

10. A conjugate according to claim 9, said conjugate having a structure chosen

between the structures of the formula (XV):

_—-Ab

10

15  and of the formula (XVI):

_-Ab

20

25

(XVI)



11. The anti body-drug conjugate of claim10 wherein n is conprised between
4 and 7. 12. The anti body-drug conjugate of claim 11 having the structure
of fornulsoEM)39813. A pharmaceutical conposition cont &ChilBpiens4aret i body
or epitope-binding fragnent thereof according to any of clains 1-4, or a
conj ugate according to any of claims 6, #6and 8, and a pharmaceuti cal | y
acceptabl e carrier or excipient. 14. An antibody or epitope-binding

fragment thgngrfin RS%rﬁérﬂ%oH?a@é&‘dl% td18iE1-3 affd nGS afti ir ggRbfseRc cor di ng

to any of clains 5, 6, 7, for uSe as a nedi canent. 15 he use of an
anti body or b@‘i@i\{epaﬁear@l?ﬁdl ng fragment ther eof accor d| ng to any of cI a| s
1-4, or a conjugate according to any of clains and

medi cament 14 Theantibedyrdetg copgigatenef daie 1(91‘“@%![‘@1'&50%@?9& t??t‘t’?@ ‘!:aﬂ@ér
chosen between_carcinong, including that of the bl adder, breast, col on,

ki dney, |ivde, Th%ﬂ'&'boéh&&ﬂ&g CO&&W@F%‘%SC'?“@H&P&’WQ theglayglyrg OffOrEST/‘P@l V. émd ski n;
i ncl udi né; 2uam)us cell carcinonma ; henatopoietic tunors of égn‘P

| i neage, 2 i ndPuQiPAEMIAEKEGR! aomae%w ‘WF&S’HB%?'E‘ pRtiady s FPiLPPeRING| ragme”t

| ynphobl asti ¢ ihgkdefBtcdrdiRg €Ay dNEEMAONBY, of a €Bhjlights BREGERg tBHAKOL dlaifs 6,
| ynphorma ; henat ogm etic tunors of myeloid |ineage, ingcluding acute and

chroni c nyel ogéﬁB 8 ?W@Wra?cﬁmaﬁ\fﬁ?ﬁ% a@@yqqr@eq%@%gmea tunors of
mesenchynal |nclud|n 20f 1 brosarco d r habdomyoscar co ot her
tunors, inc|18d%\ﬁ6”%% Y195 RRITO &W%%ﬁag’f‘%&‘“gﬁ% AP0 %é@?aﬁi%n{aén%[ and
glioma; tunor sz ebnjude aesdrdinl taasy dreIdiPbe! 8 arder, YOuBe¥H @Bticamehtudi ng
astrocytoma, neuroblastoma, gliom, and schwannomas; tunors of mesenchymal

ori gin, 10 nchedTmgudd brapsaitisodpor dptapslomipgGRIgasat tharsbf astraagicampsf and

ot her tunors, including nelanom, 25 eroder o]l 0s

ker at oact ant hoﬂﬁ'mssﬂ?n GriePNIYIRE caraing 1031 P'a@%’g aaﬁ?, PdPdt&R ar ci noma.
17. An anti bodmegicameniapiticapexneendi ng fragnent thereof according to clains
1-4, wherein the paratope of said nonoclonal antibody or epitope-binding

f ragment dt hae eDife ?ﬁﬁm‘rdlamﬂﬂvvhdrblﬁ the gah’tceﬁhaﬁh6$erﬁbeg®5er®i:abrbmgmal_lhézluE!I’MgS4,
Arg58 and Asp6 OLZ2. ant i i tope-Dbindin r agnment
thereo "accor AMALOHES BrRdr e Pt Slheraiievt e U Oupa: SAncE=aNBRGEI onal
aﬂti bodys or epa‘;érmpethtuiomthrmgskirr agieitg dduameas celodsa"rm/hsms |hemtah>>polmﬁaw7@rbai n:
Thr 30, Ala31l, r32 an r 3, 1 9724PCT/ 1B2010/ 054422
1o s nes T, r S RGiE il BBt S ke, agU BB O B 0, A8 o105
Tyr 103 and Tyr I@zﬁﬁ»hoﬁ)latﬂ& Ieukbaua,/%lcanlymbbdyia OT-cahly@phbmpeBlrkiasipaptidnag ment

t her eof accord%enfc_f to cI onal .ant.i bod

1-4, wher.ein noc or
epi t ope- bi ndi n ?%i@?r‘@?ﬁ “ﬂ?é? 8fd?‘yed‘8ﬁﬂP?%9é’s'”§ t”&ﬁCHL? Y ‘iﬁﬁ%"%@é’?%%?ﬂ“%hr
H28. 20. An anleukanigs and @l‘bn@;ﬁld@tﬁﬂebké\ﬂﬁan’@n‘fdr@g‘meﬁerichﬁﬁelcncrlgm;tmrudlirigg to
cl ai s ei n sai onal antibo r_epi.t - bi ndi ng fragment
Cher eof Zompr | BAESeaTar FBA TAPOBRLSwR R et A MO A MBR M Fone Con t he
| i ght chai n: 38&midbmbpteBatocddinoma3rieurbblastoma dnd,glibMaatuchddslottbe tOral 3021. An
anti body or an epltoa?e bi ndi n fr.ag nt ther of accou:l pgnto cl ains, 1-4,
ripherdl nervous system, including astrocy Ooma, neuroblastorna, glioma, and
schwannomas; tumors of mesenchymal origin, including fibrosarcoma,
rhabdomyoscarama, and osteosarcoma; and other tumors, including melanoma,
25 xeroderma pigmentosum, keratoactanthoma, seminoma, thyroid follicular cancer

and teratocarcinoma.

17. An antibody or an epitope-binding fragment thereof according to claims 1-4,
wherein the paratope of said monoclonal antibody or epitope-binding fragment
thereof comprises in the light chain: Arg35 of Loop L1, Tyr54, Arg58 and Asp60 of

30 L2.

18. An antibody or an epitope-binding fragment thereof according to claims 1-4,
wherein the paratope of said monoclonal antibody or epitope-binding fragment
thereof comprises in the heavy chain: Thr30, Ala31, Tyr32 and Tyr33 of Loop H1,



wherei n sai d nonocl onal anti body or epitope-binding fragnment thereof
conprises nutation at one of few of the follow ng positions on the heavy
chai n: 28y024114367287. 22. An anti body or an epit ope- bi n#iCmgBioe/gFsart

t hereof according to clains 1-4, which specifically binds to an epitope of
human EphA2 receptor conprising residues2715 Gly49, Lys50, Gly51, Asp53,
Cys70, Asn7l1, Val72, Met73, Ser74, Gly75, Gln77, Phel08, Prol09, dyl10,

G ylll, Ser113aap, $§rr511,43r@5 driaePHeBR of HQrEnB@u@Q(thr@m@"ﬂyW(ﬂ G‘F&ﬂ@@' n of
EphA2 receptor, or a conservatively substituted f orm t'her eof 23. A

conj ugat e accofdiA}aedTuA)56fHa1 aims 6, 7 and 8 having an average DAR above
4, the DAR be| ng neasured with a UV spectrophot oneter and determ ned by the
20f ol | owi ng18gfaenidpdparar eplione-indipg fragmerifherepEacearsling iaoipms 1-4.EA252" X
A280)] / RED2Whée%@%ono&lwgﬁl%dﬁmggﬂ eindingd fE§Rent thérBbPEoRIR8E 1 /
EA280 ED252 = 26,159 M 1lcm 1 25ED280 , 180 M 1lcm 1 EA280 = 224,000 M1
cm 1 EAZB2 = gPugdon Ri themositianisir &i2g- A280 bei ng the absorbances of the

conj ugat e neasured _on the UV spectrophotoneter at respectively 252 and 280
nm WO 2011F@3@'7QHW@F'NPBQOf@thAftZ!Q‘i“”QﬁSg’?ﬁ”ttherﬁoﬁw[@éﬁ @wdrlatng to

clai m 23 havi ngh&Rinddtid RBRoIHAI @ﬁt"BUdy%egplhﬁievkﬁrﬂﬂngﬂfr@%ﬁeﬂﬁh&éoﬁoﬁﬁﬁlsgs 25. A
conj ugate according to claim?23 having an average DA ri sed bet vveen 5.9

and 7.5. 526, THIHPD PEPRS GO ShieAeIQRg BesHANS APhe G Ehain, ABkaR 1O 3

material b) a 3MbbbsEl%7059 s dPRetd. ndi ng fragment thereof according to
any of clainms 1- 4, or a conjugate according to any of clainms 6 to 8 and 23

to 25, amd 21. Aﬁ)anﬁbdd@fé)@bn@blt(gitﬁ AdiRg fragméﬁttﬁ@r@bﬁéd%@ﬂjl 'tTofHIenm§a'L41 packagi ng
material indictjng 10that said anti body epi.t gpe- bi n }gefra gnent thereof

is effective f¥PeENSH] Wgng(éqn’aé@ntlbody or epltope -binding fragmentt
mutation at one of few of the following positions on the heavy chain: 28, 54 and 57.

reof comprises

22. An antibody or an epitope-binding fragment thereof according to claims 1-4, which
specifically binds to an epitope of human EphA2 receptor comprising residues
15 Gly49, Lys50, Gly51, Asp53, Cys70, Asn71, Val72, Met73, Ser74, Gly75, GIn77,
Phe108, Pro109, Gly110, Gly111, Ser113 and Ser114.of the LBD from the extra-

cellular domain of EphA2 receptor , or a conservatively substituted form thereof.

23. A conjugate according to any of claims 6, 7 and 8 having an average DAR above
4, the DAR being measured with a UV spectrophotometer and determined by the
20 following equation DAR = ¢p / Ca

with :
Cp = [(en280 X A2s2) - (eazs2 X Azg0)] / [(ep252 X €a280) - (En252 X ED280)]
Ca = [A2s0 — (Cp X €p2s0)] / €280
ep2s2 = 26,159 M"'cm”™
25 epzs0 = 5,180 M"'cm’”
ea280 = 224,000 M cm”
eans2 = 82,880 M'em™

Azso and Aggy being the absorbances of the conjugate measured on the

UV spectrophotometer at respectively 252 and 280 nm
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24. | A conjugate according to claim 23 having an average DAR comprised between 4

and 10 or 5 and 8.

25. A conjugate according to claim 23 having an average DAR comprised between 5.9

and 7.5.
5 26. An article of manufacture comprising:
- a)a packaging material

- b)an antibody or epitope-binding fragment thereof according to any of claims 1-

4, or a conjugate according to any of claims 6 to 8 and 23 to 25, and

- ¢) alabel or package insert contained within said packaging material indicting
10 that said antibody or epitope-binding fragment thereof is effective for treating

cancer.



