CONJUGATI ON METHODS This application clains priority of United States
provi sional application no. 61/183,774, filed June 3, 2009, the entire

di scl osurwoabiomaissh i s expressly incorporated by referemrce/usesi®iosrosél ELD OF
THE INVENTION [1] This invention relates to a novel nmethod of conjugating
an effector group (e.g., a cytotoxic agent) or a reporter group (e.g., a
radi ol abel ) to a cell bindiGONIGEATIGNMEZEQ@DSant i body or a fragnent
thereof, via a bifunctional |inker. More specifically, this invention
relates to a novel nmethod of conjugating an effector group (e.g.,
mayt ansi noi ds) or a reporter group (e.g., a radiolabel) to a cell binding

agent (e.g., TAR aggﬁéé%ﬂma%s i rib i HFR Hitell @@Jt&ﬁgrbwwoﬂa1aatpeh£alﬂfaﬁtn'o0na' |1 nker

such that the process elimnates’the steps t resul formati on of

undesir I ndesi.;red c sz l.i nked eci es rmed due
Yo't nt r BUREHLE I SRS o cotf 3P 8 B GRER R CaRRE Erelefe

| NVENTI ON f[2] Conj ugates of cell binding agents, such as anti bod| es, with
ef f ect oPY §ieiGRe hedtigh as smal| cytotoxic agents or cytotoxic proteins, are
of imense interest for the devel opnent of anti-cancer therapeutics

(Ri char ¥FJEBD @F TRRANVSINTEIN A. W, 2007, Nature Cinical Practice, 4,
245-25). These conjugates are tunor-specific due to the high specificity of

t he sel guif ed TARtihandbe sclitonar Dharl mgeidd o€ xprjagsdg a@reﬂteb@r geub (spr hace of
tumor cells. Upon specific binding to the tunor cell, the

ant i bodygi6dkRE P¥h 0RY S orePRIUP AL 8., h%adl&ﬁ&rlmld @eﬁdofi’dlgg degr adedad fsi de the
target cancer cell thereby Feleasing t

antibody or a fragment thereof, via a bifunctional linker. More specifically, this

invention relates to a novel method of conjugating an effector group (e.g., maytansinoids)

or a reporter group (e.g., a radiolabel) to a cell binding agent (e.g., an antibody or a

fragment thereof) via a bifunctional linker such that the process eliminates the steps that

result in formation of undesired hydrolyzed species or undesired cross-linked species

formed due to intra-molecular or inter-molecular reactions.

BACKGROUND OF THE INVENTION

[02] Conjugates of cell binding agents, such as antibodies, with effector groups, such
as small cytotoxic agents or cytotoxic proteins, are of immense interest for the
development of anti-cancer therapeutics (Richart, A. D., and Tolcher, A. W., 2007,
Nature Clinical Practice, 4, 245-25). These conjugates are tumor-specific due to the high
specificity of the selected antibodies toward antigens expressed on the cell surface of
tumor cells. Upon specific binding to the tumor cell, the antibody-cytotoxic agent

conjugate is internalized and degraded inside the target cancer cell thereby releasing the



active cytotoxic agent that inhibits essential cellular functions such as
m cr ot ubul e dynam cs or DNA replication resulting in the killing of the
cancer ceawb.2oManies | i nkers have been enpl oyed to | i nkPChaSanbiobmdé es with
cytotoxic agents with the goal of enhancing the delivery of the agent
inside the cell upon internalization and processin% of the conjugate, while
mai nt aiagtingextplexsasertdbatdntbits ¢ssgntial cellwdardonjtiggaisushian nptresibile These |inkers
i nclude disulfide |inkers designed with different degrees of steric

hi ndr andyaarmis ion DINYe repdi ctivei resulgaiut the Rilkigetthe sansktt delll. Maraelihikdrar t hi ol ,

cl eavabl e peptide linkers such as valine-citrulline |inkage, and

non- cl eavabt& édléﬂgﬁdsto %HE@h@a?lti%BHiQ§Wﬁrcy{dtd}ﬁ@%n(sv\\(lﬂq{%%gal W, et al., J.
Med. Chem, 2006, 49, 4392-4408; FEricksdon, H , et al., ncer Res., 2006,

- 66, 4426445 : j |1 bi ndi nts.such as _anti bodi es
wth | agurh e e EBF U R A uRe 8k R R B S P e Tone i n
cancer patients, inmungassa li.cations for diagnosis of varjous

di seasd8S QUL Wwgmgita fﬁgga%ﬁi’iegé ﬂ%ﬂéogﬁ’élcpﬁ%‘gf*‘?@%ﬁ]&s@ﬁrn}F §tes, and
affinity chromatography applications for purification of bioactive agents
such adinkewstinglnde lﬁidgd(i: Heleers deseengt ivgrdiBentdegreeioé sterip bindranee toepor t er
groups that are conjugated with cell-binding agents include fluorophores,
and af finfludnge lehratducsion kiresichwiih iimtracellvlir thivd, dervuisnpepitr! linkeishhach af
conjugation of the cell-binding agent such as an antibody (Ab) with an

ef f ect qpnligE-eMRIIR Ithkagd aRY hoh-BkhGatAIBMets Qlch ds fkﬁ&@ﬁér@fnkg%@émdﬁ%oﬂ,- , A
radi ol abel ) linked via a non-reduci ble |Iinkage (such as thioether |inkage)

enpl oy syt dist 4.RC, aghd ) SiapkE R t i.hod o itates the
R b S L T e RS L R S i e M
react edé(évm%%_&ﬁ terobi functional |inker bearing two different reactive
groups (e. d., nd Y). For exanple, in one approach, the reaction of an
anti body's reactive residues (such as |ysine _am no residues) with the X
react i \,[é3br deppuvasirs ot sell Rindygragsyts sec asianibediessvidh Jabgls of geporter groups
het er obi functi onal reagent results in the incorporation of the linker with
Y r eactarsesefl doptugior-omegiog applicatipesaiotcaneer patingh, esmunodskay applicdiddy (such as
| ysine am no residues). The initially nodified antibody product nust be
puri fi edr dingmosishuf venowsdisdasedk edncer theygy abiyg edliddctikenudlidadpaad bef ore t he
next step can occur. In the second reaction step, the |inker-nodified
ant i boQynfghtkediant @ﬁiﬂi@%h}/orﬁ;ﬁé%% NP aiplRERo s FHCHUrAR afiEh 6f BILAGIvE hgents
hal oacetamde) is reaCted wt he ‘effector such as an effector group (O
(e.0., [.C ) . njReL.a IV hiol to
oner at B HaR p AR g Bl 2 T R oD B9 0% o
addi tional purif]cation,.ste see, .e.q., U S. tents 5 208, 020, 5, 416, 064,
or 5, 0?3?%’@5 th'q‘whf%%&é’mgmﬂ? 8@%@8‘?"% aﬁgég’?mttyv}gbeich Peati on steps
are needed. [5] Another approach that involves two reaction and
purifi ®@tien steps to conjugate antibody with an effector or reporter group
uses the reaction of thiol residues in antibody (generated via nodification
of ant i[0éldy Mietdonvdntiohalgestbodof cogpjugatige nf the selt-himlsnPagennswebtbhiaol ane, or via
mut agenesi s to i ncorporate non-native cysteine residues, or via reduction
of nat iaveibstlysWit) e daautttsior hdup (3.gN @Byt aEdnD G a epstk lgrofl(e ., @ONt ai ni ng
Y reactive groups (such as nal ei mde or hal oacetamde). [6 ] or
dr awbacks B i 1 : i1 L0 (or
o D e L e o e el st Roh e ect ve

hal oacet am de

mal ei m de. (or hal oacet ap de roups ;t o under intra- .ar inter-noplecular
eact 1 siipe el P RO i toiBRa pde R0 b dBunBas i Foet dues
in anti o?y or peptide (Pa%i ni, A et al., Int. J. Pept. Protein Res.,
1992, 3l fishreacien step, dhe anfibody isgpactedapvih g dgiesqbifinctiggtlinkes begrinedwe322) | and
aqueous inactivation of the Y nmal ei mde group. The undesired intra-

different reactive groups (e.g., X and Y). For example, in one approach, the reaction of



nol ecul ar or inter-nolecular reaction of mal eimde (or hal oacetam de)
groups Y incorporated in antibody with the native histidine, |ysine, or
cystei ne wo=buv@ssebn anti body, and aqueous inacti vati onPofi/ush@oN3Tvas ei m de
group before the second reaction with the effector or reporter group C give
rise to cross-linked proteins or heterogeneous conjugates and | ower the

ef fi ci anaytibddytsheacsiee egzttiveeaath anlywine Amiveresitifies) twath the Xrreqoivt grougr oup C.
The het erogeneous conjugate product-cross-1linked protein or peptide

gener at gfh s ANk LSS i &£ P61 the Retfoblilifctidnhl deddenY resMEOHRRY at ed group Y
(such as nal eimde 'group) wth hative groups in the antibody or peptides

(such oy ohlosrgltlié:I | HShe fh){kselr O&th \t(%é’a%ﬁ{lygrou bt Sk tr%!l(prg}eacg{;e 1\@&%}[}& 1%%3% | ve

mal ei ni 0 ¥ 881 dues gener at ed by “aqueous i nactivati on- may have inferior
activity and stability than th esj red. hgnogeneous .copj ugate product. [7]
Pr ocesg“@gb‘?qyr(s‘é‘g‘rﬁsdij%@q Hging Aes! % egletIBmLaﬁY o &Fﬁltaé‘flﬁ?wgprgg‘t‘%tn&éf c agents
via disulfide |inkages have been described previously (see, e.g., US

pat ent depupbed 0 the exicess s oshydrolyz@Blinkgr S:agenitbefire thelilektsien ean No.

2007/ 0048314 Al'). These processes involve the initial reaction of antibody
W t h a obeire o Hef seomid resion sepgdntiinkérahbdifled atyborly cectainthg thadt teactivei t h a

t hi ol -contai ning cytotoxic agent. An alternative process has been descri bed

in U Sorqgf@ikh ﬁyrﬂﬁéinﬁ@égoﬂialédaet\m#i&g éj§ REcteld Sathithdertdctarkach 4eact i ve ester of

the cytotoxic agent is first purifi and then reacted with the anti body,
but whi ' ddit.i onal I if j starting
from t el BTG e or R Seed PR g st PR SR, P 0 i e
with the anti pody. 8l. A further drawhack .of the current. process to nake
Con) ugdcaeRsrheatibogy Ay Syebts, PHE SR auRBr Vg PR G ar s on ot op.
which lowers the overall yield and al so makes the process cunbersone and
unecondyidsttiangieps@e. -gup-S. patalts $.R08020 Sl 61064, o101:@%683%), kiweri@ i s a need
in the art to devel op i nproved nethods of preparing cell-binding agent-drug
conj ugdheatmorposicss, erlsast hat panifcatibn sigpsammeedddl y hi gh purity and can be
prepared avoi di ng cunbersone steps and by reducing tinme and cost to the

user. Tos i eyilidr@ppidhcvihaEiaveluedtwd reRdtivadind pPudfeatidfdiept hetonpupasnt ages of
the invention, as well as additional inventive features, will be apparent

‘; mgNtT{éﬁct{lgmhm‘h Bffe@br drhEpdritY BRfubARes MO YdagEsh HEHRI ResidRLMYPRYiILGEy THE

(generated via modification of antibody with thiol-generating reagents such as 2-
iminothiolane, or via mutagenesis to incorporate non-native cysteine residues, or via
reduction of native disulfide bonds) with a homobifunctional linker Y-L-Y containing Y
reactive groups (such as maleimide or haloacetamide).

[06] Major drawbacks of incorporating a reactive group Y such as maleimide (or
haloacetamide) in an antibody or peptide are the propensity of the reactive maleimide (or
haloacetamide) groups to undergo intra- or inter-molecular reaction with the native
histidine, lysine, tyrosine, or cysteine residues in antibody or peptide (Papini, A. et al.,
Int. J. Peﬁt. Protein Res., 1992, 39, 348-355; Ueda, T. et al., Biochemistry, 1985, 24,

6316-6322), and aqueous inactivation of the Y maleimide group. The undesired intra-



[ 10] The present invention describes a conjugation nethod for preparing
non-reduci bl e, thioether-1linked conjugates of the formula C L-CBA wherein
C represand20mn4efshect or or reporter nolecule (e.g., a egralsexiomd3mgent or a
radi ol abel), L is a linker and CBAis a cell binding agent (e.g., an

anti body or a fragnment thereof), by utilizing a direct reaction of the

t hi ol - meni¢ciarion giterymoleoxlbcreactemtof ealgimida@y halosiatonids) graiipshY a het er o-or a
hono- bi functi onal reagent, (e.g., cleavable or a non-cleavabl e |inker)

f ol I owggboporfed ieht®bdy RethURPKtvE e dirRaRkineNorByXteite@edhied i cel | bi ndi ng
- agent (e.g., an antibody or a fragnent thereof), thereby generating the

non-r equg e =] B re
ot o ShbtEand SLBEGAvRRAELE 0 Y HARL DY AU RAERR 0 Lol
i mportan dvgntage i s that sych. conjugation t hod. yi e] ds t hi oet her-1inked
noner ediith B EEGRF Ggate fioew (e Eare i ahe TR SFieY of bSopridihg or

i nactivated residues éjg. gf ,. mal ei m de or hal oaeet am de residues). The novel
nmet hodsodiugaiFoanddomar theicEicagnsyiof Hie sspondasagionayigh the ¢ffeeior oraepettssar at i on of
any conjugate represented by the above formula. BRI EF DESCRI PTI ON OF THE
DRAW N@toyplC.1The hétgrogencbus banjsgatopjodyeiwossainkad pidseidyr petilea r eact i on

m xture of the nmaytansinoid DML (or DWA) and Mal ei m de- PEG NHS | i nker [12]
Fi gur e 2n&hredSrohethd ©hdghirdDReaRACH o he Ati4IREoiWBlated BBus Yugiaises pr epar ed

using the nethod described in this invention versus conjugates prepared

' 45 adifi 1, 2- . _ . atai.ned 10 ti
or ot 1 gL fale3o R R eE akast SRR CAREMNAUES Contai ned

nmol ecul, ar. i ght marker.s., Lane, 3 cont ai ned. conj.ugat e prepared by the

Lradi t O DERRIS 0B TbRoa Wtk FatHE BRTRIGE TRidtes s e B ARty Conj ugat e

prepared by the nethod ,dgﬁss,cri bed in this inventi n_ang cont ai ned 6.2 Dw4

per Ab Inactiyaflon=ripay gave Q508 2By nd stahHith thsndhedesiteh AOMessneoRy

Ab- (PEG4- Mal ) - DM conj ugat es prepared using the nethod described in this

i nvent iconjugate pralugonj ugat es prepared using the traditional 2-step nethod.

A. Protein LabChip el ectrophoresis under reducing condition (Agilent 2100

Bi oanal[§Zler /PAgiesen tforRonjugatingdQibledie} tothioMrop i civblokiclBigénts iy ugat es. Lane

1: nol ecul ar wei ght nmarkers; |ane 2: Ab-PEG4-Mal -DM4A, 6.2 D/ Ab, synthesized

usi ng tdhefR IR AaseE bBaddstritdaiprediteNised . o.| BISE patentdl3;0BG20, Mal - DV, 6.1

D/ Ab, synt hesi ze%l using the 2 step conjugation net Rod; | ane 4: unconj ugat ed

A (0 BB dhogiaEoas PhakPublildhoR e 2081180483 AN P REECREELes SyStem
rker ba s a

peak and 1T ower 'ma nds represent external marke fromkit. B.

Quanti tation,of .protei.n bands from.Protein. lLabChip el ectrophoresis. [14]
i gur e oS A gRsn ek PG R R ea s el B B3 The et hoo
described in this invention versus conjugates prepared using the
tradi t S8R reactien withet thisd-coptainig Gtotedisjagenlt S\ plisHRativg PERFEESHIES PSR t i onal
two-step nethod with 6.1 DW4

described in U.S. patent 6,441,163 B1 in which the disulfide-linked reactive ester of the

cytotoxic agent is first purified and then reacted with the antibody, but which involves an

additional reaction and purification step starting from the thiol group-containing

cytotoxic agent before the reaction step with the antibody.

[08] A further drawback of the current process to make conjugates of cell binding

agents is the need for two purification steps, which lowers the overall yield and also -

makes the process cumbersome and uneconomical for scale-up.



per Ab. Due to significant heterogeneity of the conjugate the M5 peaks
could not be resolved well. B. M5 of conjugate prepared by the nethod
descri bedwpDreotohi4ssebnvent i on and contai ned 6.2 DVA per APRCTDMSR010037046
honogeneity of the conjugate, the M5 peaks were well resolved. [15] Figure
5 shows binding of an anti-CanAg anti body- PEG4- Mal - DML conjugate with 6.7
DML pef0%nt Ibway qf shefessasing, Sierjistameedin e artde deyalepimprovadipethodsy ent i on)
versus bi nding of unnodified antibody toward CanAg anti gen-expressing
COL0205f pebhrsng CEliebihding apentwiasy cmagiatcesmpositious thas emof subsiangally figh] Fi gure
6 shows in vitro cytotoxicity of an anti-CanAg Anti body- PEG4- Mal - DML

conj ugahftyndRkalbd pﬁa}%rea%oiamgldamm()ﬁfeemg efld U$ kddaicinp@inteindedstdescri bed in

this invention) toward CanAg anti gen-expressi ng COL0205 cells. The

conj uggt e, jas }ﬁqug&tﬁoﬂ ﬁ@\gg%%ﬁclfﬁHeﬁlodaﬂe@ z}n%rotl?%ga%e tfgses 6Pfki nuous

i ncubat’ion W e conju e viabilTirty of was measured

e CoRfGBHYE Akl anRa BEP g G By oG e b EE SR BOR) DA SHPL | - Cang.

anti body to bl ock the binding and cytotoxicity of the conjugate toward

t ar get o¢ thedeyengien provided el gure 7 shows conjugation of antibody with a
reaction mxture of DML (or DV4) and Mal ei m de-Sul fo-NHS |inker. [18]
Figure 8 shows reduci ng SDS- PAGE of Ab-(Sul fo-Ml)-DML conjugates prepared
using the nethod described in this invention versus conjugates prepared

usi ng SievMM ARVIOPNEE INVIERPrIEthod. Each sanple | ane contained 10 lig
protein; the gel was stained with Coonassie Blue. Lane 1 contained

T oo 8 B o AR SR s o7 cpar o0 by
reducible, thioether-linked conjugates of the formula C-L-CBA, wherein C represents an
effector or reporter molecule (e.g., a cytotoxic agent or a radiolabel), L is a linker and
CBA is a cell binding agent (e.g., an antibody or a fragment thereof), by utilizing a direct
reaction of the thiol-containing cytotoxic agent (e.g., maytansinoids) with a hetero-or a
homo-bifunctional reagent, (e.g., cleavable or a non-cleavable linker) followed by mixing
of the unpurified reaction mixture with a cell binding agent (e.g., an antibody or a
fragment thereof), thereby generating the non-reducible, thioether-linked conjugate by a
process that is more efficient, has a high yield, and is amenable for scale up. Another
important advantage is that such conjugation method yields thioether-linked non-
reducible conjugates with no inter-chain protein cross-linking or inactivated residues
(e.g., maleimide or haloacetamide residues). The novel methods disclosed in this

application can be applied to the preparation of any conjugate represented by the above

formula.



3.6 and 5.6 DML per Ab, respectively. Lanes 2 and 4 contai ned conjugates
prepared by the traditional two-step nethod and contained 4.0 and 5.7 DML
per Ab, rwepemtidsv@by. [19] Figure 9 shows Protein LabChippTaiSectnampher esi s
of Ab-(Sul fo-Ml)-DML conjugate prepared using the nmethod described in this
i nvention versus conjugate prepared using the traditional 2-step nethod. A
Pr ot ei BREBFICDESCRIPTIODPOBBSEDRAMINGSduci ng condi tion (Agilent 2100

Bi oanal yzer/ Agilent Protein 230 kit) of Ab-(SulfoMl)-DML conjugates. Lane
1: ol ‘TPH' arFl%gréhom(}%g%tloﬁ 8Ngnttbod{! REAN %&Qfoﬁ%l%re bge 3

Ab- Sul fo-"Mal synt hesi zed using the 2 step conjugation

met hod:; ﬁé}‘%mtohd Dleﬁ M‘Q%hé@%‘“&e 9E8/ ﬁﬁ{% ﬁ%ﬁ%trhem zed using the nethod

descri b& 1S n mcrogfam prot ei n | oaded per well.

P A R s%ree?el PR e T S

Quantitation of protein bands from Protein LabChip el ect rophoresis. [20]
Fi gur e pi€pasgiowing te wethoddssaribsdm diis iamentisodprspsaotjvgates premitd worg ugat e
prepared by the nethod described in this invention versus by the

tradi t iggnahditiowd Stsep Bahpdl gBddheampit |adconfinddS (Ofig prRRYinlgRd gelwidsh 3. 6 DML/ Ab
prepared using the method described in this invention shows a honbgeneous

con| Ug%&%\& %éo@m% @‘ag s G &ecto?lt rH&@&ﬁarRﬁél%kﬁ -métkerYBr @ CON) ggat €

with 4 prepare e tra t|on two- step conjugation netho

Tk aD 3 st G 3)5%&%(*3%%8?@9%885388 ’ %ﬁ%@”ﬁmthvéﬂy@mp nodl showe

cross-1li nked |l i nkers (such as conj ugate 2 DML,  plus one L, 2L and 3
L), indideaticnplatReRspineye ﬁ@@a&ed&a/d%whod d[éﬂl]beqkirgtbﬁén@t@ﬁm bi ndi ng of
an anti-CanAg anti body- Sul fo-Mal -DML conjugate with 5.6 DWVA per antibody
( pr eparcedtaured g2 DE! pretAiod described in this invention) versus binding of
unnodi fied anti body toward CanAg anti gen-expressi ng COL0205 cells. The
bi ndi ng18ps Hig@as Grskows Rrdidit DaBSRiIpGEecHBblicesis of Ab-(PEG4-Mal)-DM4

conjugates prepared using the method described in this invention versus conjugates

prepared using the traditional 2-step method. A. Protein LabChip electrophoresis under

reducing condition (Agilent 2100 Bioanalyzer/Agilent Protein 230 kit) of Ab-(PEG;-

Mal)-DM4 conjugates. Lane 1: molecular weight markers; lane 2: Ab-PEG4-Mal-DM4,

6.2 D/Ab, synthesized using the method described in this invention; lane 3: Ab-PEG:-

Mal-DM4, 6.1 D/Ab, synthesized using the 2 step conjugation method; lane 4:

unconjugated Ab (0.24 microgram total protein in each lane). The upper marker, system

peak and lower marker bands represent external markers added from kit. B. Quantitation

of protein bands from Protein LabChip electrophoresis.

[14] Figure 4 shows MS of Ab-(PEG4-Mal)-DM4 conjugates prepared using the

method described in this invention versus conjugates prepared using the traditional 2-step

method. A. MS of conjugate prepared by the traditional two-step method with 6.1 DM4



[22] Figure 12 shows in vitro cytotoxicity of an anti-CanAg

Ant i body- Sul f o- Mal -DML conjugate with 5.6 DM4 per anti body (prepared using
t he net howlodercmridsed in this i nvention) toward CanAg anPCHars2@xp8m®ssi ng
COL0205 cells. The conjugate was added to COL0O205 cells and after 5 days of
continuous incubation with the conjugate, the viability of the cells was
measur gur édi. MuesFigBifmethieterpganstiy pbiheerprigatatin MSpedkasnbt naitbe t he
specificity of the conjugate was carried out using an excess of

unconj ugsdles weil.i BCMAGL anfugatdyeaedbpthk nidileododaackited iards tiyemicaxi city of
the conjugate toward target cancer cells. [23] Figure 13 shows conjugation

of ant ie{?ﬁ?ﬁénﬁ@ﬁr{eﬁ 6D Dﬁ@lﬁﬁér ofp. Mhud tHrh%nR)fgexg}%_c(f%éE j ga&f‘%ﬁe%“!g EayHS SMCC

i nker. 24] Figure 14 shows reduci ng SDS- PA Ab- (SMCC) - DML conj ugat e
preparedm%§%§ﬂeth%ﬂnethod described in this invention versus conjugate
preparéﬁ u5|A ?ﬂe traditional 2-step nethod. Each sanple | ane contai ned 10

mcrogramtotal protein; the gel was stained w ssie Blue. Lane 1
cont ai g Shol Hawe & gs BHldH}EangI@é‘raé‘P'q_aéﬁ/i\eg @Ugw-gfigs-%@ﬁ-ﬁwﬁ GEAPEYC Ab, Lane 3
contai ns conjugate prepared by the traditional two-step nmethod with 3.1 DML
per Ab witl 617dp¥ 1 per anttbaidy preparpdiysing thsmegshodkdespitbadia thietiventiatescri bed in
this invention with 3.1 DML per Ab. [25] Figure 15 shows Protein LabChip
el ect r ophars@inding®df A ddEMdGIntiBbly weviirdiGat g piitegearexgdredsng GOLIOR05et hod
described in this invention versus conjugate prepared using the

traditiQnal TRe st@MeRishathsud i f1868sdhcé aRENI p el ectrophoresi s under
reduci ng condition (Agilent 2100 Bi oanal yzer/ Agilent Protein 230 kit) of

~ §%ﬁllﬁkﬁ,ﬁi@ﬂf*%%k@?'fﬁbﬁ?ﬁ@é%l ktﬁ%?%%%;bﬁ’?a%% %%%@é%??@%ﬁﬁwm s
: 3:. i ) : 4: Ab-S - . 3.1 .DADb, i
Dt et sna i B RS nl br Sn r R Bei: o heshs

| ane) . The upper marker, system peak and | ower marker bands represent

ext er nde%WgW% e g pefrgoriaxprassingypaHiQ30atceln e ¢anpreaierivasadded f r om
Protein LabChip el ectrophoresis. [26] Figure 16 shows LC-MS conpari son of
Ant i bodp-GEMIZ)S &NlE, drfiey adeyprisoatiscub ynauhatianevitiothedosmghtbettici n t hi s

i nvention versus conjugate prepared by the traditional two-step conjugation
met hod. vidbililybofahe 6ORjvig alic s psing BV §Y-8tadisays equsiiol akperinstoep nmet hod with
3.1 DML per Ab. Each major conjugate peak has associ ated side peaks due to

the.prQﬁ%ﬂﬁ@u&%ﬂﬂ%%@&h%ﬁﬁgfﬁﬁéogh%%§vbk@&%@dbhﬂ%ﬁﬁgé&é&&%ﬁ%s- B. M5 of
conj ugate prepared by the netho escribed in this invention with 3.1 DML

per Ab. 1.81%583 u%ﬁlce@ Qﬁ?—%ﬂgé taXtit?dettQ BioeR Qlileu&ﬁ&i'ﬁg ahdd @y’t%.%xpc% S o u\gﬁ{el

r esol ved.

toward target cancer cells.

[17] Figure 7 shows conjugation of antibody with a reaction mixture of DM1 (or
DM4) and Maleimide-Sulfo-NHS linker.

[18] Figure 8 shows reducing SDS-PAGE of Ab-(Sulfo-Mal)-DM1 conjugates
prepared using the method described in this invention versus conjugates prepared using
the traditional 2-step method. Each sample lane contained 10 pg protein; tﬁe gel was
stained with Coomassie Blue. Lane 1 contained molecular weight markers. Lanes 3 and

5 contained conjugates prepared by the method described in this invention and contained



[27] Figure 17 shows proposed nechanisnms for inter-chain cross-Ilinking and
mal ei m de inactivation during conjugation by the traditional 2-step nethod.
[ 28] Fi guwe 208/”n%és non-reduci ng SDS PAGE of Ab- ( Sul f oPERIUS2OME3 86| ugat e
prepared using the nethod described in this invention and quenching of free
DM4A thiol (after the initial DWA + NHS-Sul fo-Mal heterobifunctional reagent
coupl i gy 4reb®6 D) persAgespeotiniedy. niaeb0yhd Ycoatitd gohjogateoprebeaedby i body

conj ugation reaction. Each sanple contained 10 | ag protein; the gel was

st ai nedhMNrid)ti SO RS Stef nBIIMRL aniR08Ginkd @ Ward £PMNA pada Rttt Rly. wei ght

mar kers. Lane 2 contal ned Ab al one. Lane 3 contained conjugate prepared by
the method . . D P . i €

mal of mildgpugteie i i Pioigth EbCHEMG BRI ARSI BROMY, he et hod
described. in this inventjon with addition.of 4-naleimdobutyric acid after
e 1 nitonietem i o eloa et eibeni e i VEEHYEMUERT i or to the
anti body conjugation step). [29] Figure 19 shows preparation of

di sul f iptleparg tbohpdigand 2ofteameibeddyh- USPisin bab(die elegronkiosesisradef DML (or
DV4) and SPDB |inker. [30] Figure 20 shows preparation of

ant i bodyduring cnditioai(dgian2ugéBooanklyheryogitend Psudif 28@ kit poitAmmdPultl-eavabl e

PE&X4- Mal |inkers via antibody conjugation with an unpurified reaction

M xt ur evigh-DRYE c69hgdd)LaaBd: RRtdiuRPRBighn thahlides, Pied: MhdonljugatedrAb; larde31]

Figure 21 shows M5 of antibody-maytansinoid conjugate with both disulfide-
and o o SRl PRBE S et gt s s Bpuel g oo
NHS- PE%A%M%A—%?—ED%)H , 5.6 D/Ab, synthesized using the method described in this

invention; 0.22 micrograr;l total protein loaded per well. The upper marker, system peak

and lower marker bands represent external markers added from kit (0.24 microgram total

protein per well). B. Quantitation of protein bands from Protein LabChip

electrophoresis.

[20] Figure 10 shows LC-MS comparison of Antibody-(Sulfo-Mal)-DMI conjugate

prepared by the method described in this invention versus by the traditional two-step

conjugation method. A. MS of conjugate with 3.6 DM1/Ab prepared using the method

described in this invention shows a homogeneous conjugate with 1-6 DM1-bearing

discrete conjugate peaks. B. MS of conjugate with 4.0 DM1/Ab prepared by the

traditional two-step conjugation method. The MS for the conjugate prepared by the

traditional two-step method shows peaks corresponding to conjugates, and conjugates

with hydrolyzed or cross-linked linkers (such as conjugate with 2 DM1, plus one L, 2L,

and 3 L), indicating a heterogeneous product.



[32] Figure 22 shows the conjugation of antibody with a reaction m xture of
DML (or DMA) and SMCC linker. [33] Figure 23 shows the M of

ant i body-\8dR@DMIS660Nj ugat e prepared using SMCC by t he merhisdoldesmré bed in
this invention, containing average 3.1 DML per antibody. [34] Figure 24
shows the preparation of disulfide-Ilinked conjugate of antibody using a
react i ¢allm X#Higure 1 bshddwbipding DR antrasSxpBibddykenfo-MpBBMIRapingate25 shows
the conjugation of antibody with a reaction mxture of DML (or DW) and

het er oliifn6 DNINabr dntibkey (prépakedalsinigt ntethdddeacrited i diis Gladtion) DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [36] Reference will now be made in detail to

certai %Fsr&PBH{ng’Hf%nﬂl bata ahﬂM&thb%rd ?Wérﬁl%eﬁfex%)‘gééﬁfg @pgozbsustrated in

f
t he acconpanyi ng structures and fo I nu invention will be
descri be enumer a{ ed enbodi ments, it wll be

Wi
under st Sﬂ% "F}I’wc?m IH%WaﬁF@aﬂgfé] P %Oﬁﬁlsgacet%m imt the invention to those
enbodi nent s. contrary, the. invention is intend |1
al t er natthed lg%dgﬁh%’éﬁ TGHED CHAXiSHYi) &N @R §:a%ﬁgcﬁ‘ﬁt‘r?§§y“l§@%i) a\gﬁdm within
the scope of the present invention as defined by the clainms. One skilled in
t he ar tconjughtervadoyhiDM4 perantitredshdepazerihisineg the mpthpdgientribed imthizqui val ent to

those described herein, which could be used in the practice of the present
I nvent iigvention) toward CanAg antigen-expressing COLO205 cells. The conjugate was added

to COLO205 cells and after 5 days of continuous incubation with the conjugate, the
viability of the cells was measured using WST-8 assay. A control experiment to
demonstrate the specificity of the conjugate was carried out using an excess of
unconjugated anti-CanAg antibody to block the binding and cytotoxicity of the conjugate
toward target cancer cells. |

[23] Figure 13 shows conjugation of antibody with a reaction mixture of DM1 (or
DM4) and Sulfo-NHS SMCC linker.

[24] Figure 14 shows reducing SDS-PAGE of Ab-(SMCC)-DM1 conjugate prepared
using the method described in this iﬁvention versus conjugate prepared using the
traditional 2-step method. Each sample lane contained 10 microgram total protein; the
gel was stained with Coomassie Blue. Lane 1 contains molecular weight markers, Lane 2
contains unconjugated Ab, Lane 3 contains conjugate prepared by the traditional two-step
method with 3.1 DMI per Ab and Lane 4 contains conjugate prepared by the method
described in this invention with 3.1 DM1 per Ab.

[25] Figure 15 shows Protein LabChip electrophoresis of Ab-(SMCC)-DM1 conjugate

prepared using the method described in this invention versus conjugate prepared using



[37] This invention describes a novel nethod of conjugating a
thiol-containing effector (e.g., a cytotoxic agent) or a reporter group
(e.g., awadowab®b) with a cell binding agent (e.g., aRCRAS2MO0M§)046i N

whi ch the thiol-group containing effector or reporter is first reacted with
a bifunctional l|inker reagent in organic, aqueous, or m xed organi c/aqueous
sol ventthe fraditioved @-step method.i An PodteinHabChjpusledtioplionesiaondenmedviciigur e wit h t he
cell binding agent in organic, aqueous or m xed organi c/agueous sol vents.

| egend bl ( ALilans10( BRhnAbhiewilkhi ROt Ckinhdve-SeeT-Daed in the
descriptions of the Schenes and the Exanples that follow are: [39] C =

o] L e R ol B B S P AR TRl /2% 2] &
2l Toneserigg e PR asherbb o et uP bRt SARHER ' bt er
1- hydroxy-2-nitrobenzene-4-sul fonjc acid ester). .

AB-SMCC-DM1, 3.1 D/Ab, synthesized using the 2 step conjugation method; (0.24

microgram total protein in each lane). The upper marker, system peak and lower marker

bands represent external markers added from kit. B. Quantitation of protein bands from

Protein LabChip electrophoresis.

[26] Figure 16 shows LC-MS comparison of Antibody-(SMCC)-DM1 conjugate

prepared by the method described in this invention versus conjugate prepared by the

traditional two-step conjugation method. A. MS of conjugate prepared by the sequential

two-step method with 3.1 DM1 per Ab. Each major conjugate peak has associated side

peaks due to the presence of hydrolyzed and cross-linked linker fragments. B. MS of

conjugate prepared by the method described in this invention with 3.1 DM1 per Ab. Due

to homogeneity of the conjugate, the MS peaks were well resolved.

[27] Figure 17 shows proposed mechanisms for inter-chain cross-linking and

maleimide inactivation during conjugation by the traditional 2-step method.

[28] Figure 18 shows non-reducing SDS PAGE of Ab-(Sulfo-Mal)-DM4 conjugate

prepared using the method described in this invention and quenching of free DM4 thiol

(after the initial DM4 + NHS-Sulfo-Mal heterobifunctional reagent coupling reaction)

using 4-maleimidobuytric acid prior to the antibody conjugation reaction. Each sample

contained 10 ug protein; the gel was stained with Coomassie Blue. Lanes 1 and 5

contained molecular weight markers. Lane 2 contained Ab alone. Lane 3 contained

10



[42] Y = Mal ei mide, or hal oacetam de (iodoacetam de, bronoacetam de) [43]
Yb is a reactive m xed disulfide group (e.g., 2-pyridyldithio,

4- pyri dylwot2hioog1566 nitro-pyridyl dithio, 5-nitro-pyridylPdirtuse/037046
2-carboxy-5-nitro-pyridyldithio) [44] X = amde linkage [45] Y =
thioether (R-S-R) or selenoether (R-Se-R ) linkage [46] Yb' = disulfide

( R- S- Schhjjigdte picaged bl 4 mbthod desceibdoh thisntveption iithoutraddritonei4- a process for
the preparation of a thioetherlinked conjugate of a cell-binding agent with

an ef f aell@midbudtric@RRI Qhe ARbAGIICE cbSudas ?fejpbx%_d Jbylthempihee @ssribed iy i Si ng the
foll ow ng steps: a) contacting a heterobifunctional |inker of formula X-L-Y

wi th agibi ol ﬁtgér%ﬁ&ﬁh Q&I gor?&fél?- ffimRlopLERe raEﬁraﬁ]'%P{h%Qfﬁ'ﬁQl Saf4er figs- @

mayt ansi nol a radl onuc I n aqueous solvent, organic sol vent, or

1S LB ShaSOLS LSRRI B Wk MG AR o e 2L

purification with a cell-binding agent such as an antibody (Ab) to produce
a conj Uit e Figure b9 pheve papnaratian ol vhisndde-linked capjggate of antipodypsingeut ed or
unsubstituted |linear, branched or cyclic al kyl, alkenyl, or al kynyl group
bear i ngedctiommixti® AN d oD BB andaSBDBPInkenr substituted aryl unit
(substituents selected from al kyl, al koxy, hal ogen, nitro, fluoro, carboxy,

Ll speoa s St st aftne s ool
spacer ;i Qe hid né@&l@a\gﬁﬁfﬁ@pwl A£G aﬁf?@&ﬁrrc)ohjuéation with an
unpurified reaction mixture of DM1 (or DM4) and both SPDB and NHS-PEG4-Mal
linkers.
[31] Figure 21 shows MS of antibody-maytansinoid conjugate with both disulfide- and
non-cleavable PEG4-Mal linkers (prepared by conjugation of antibody with an unpurified
reaction mixture of DM1, or DM4, and both SPDB and NHS-PEG4-Mal linkers).
[32] Figure 22 shows the conjugation of antibody with a reaction mixture of DM1 (or
DM4) and SMCC linker.
[33] Figure 23 shows the MS of antibody-SMCC-DM1 conjugate prepared using
SMCC by the method described in this invention, containing average 3.1 DM1 per
antibody.
[34] Figure 24 shows the preparation of disulfide-linked conjugate of antibody using a
reaction mixture of DM1 (or DM4) and SSNPB linker.

[35] Figure 25 shows the conjugation of antibody with a reaction mixture of DM1 (or

DM4) and heterobifunctional linker with aliphatic linear carbon chain.
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and Y are amne or thiol-reactive group such as N-hydroxysuccinim de ester
and nmal ei m de or hal oacetam de; Ab is an antibody; mis an integer from
1-20; X W anpdi4ideed X site (e.g., an am de |inkage) up®aTriSaciodTv4e th
antibody; Y is nodified Y site (e.g., thioether |inkage) upon reaction
with, for exanple, a cytotoxic agent or a radiolabel of the effector or
repor t OEDADURD BISICRIPPLIONOE AHIHINVENTONX onj ugat e by tangential flow
filtration, dialysis, or chromatography (e.g., gel filtration, ion-exchange

chr omat[9gr a¥¥erekteAriARRABLmbAY iQIRE t6 Refdlh eABbOETARM thOhvent@lrbi nat i on
thereof Preferably, Y is a thiol-reactive group selected from nmal ei m de or

hal oac ;%E(%gb%_g gf g&@;gfeaiﬂltxytrat f-nsth@a%c:oiﬁll?ﬁ%’iﬁé s@ﬁ@lﬂ%b?xﬁd}(ﬁ%ﬁfa&%ﬁﬂ@}h\é’i th 1-6

car bon pacer. Prefera a cyto Ic agent selected from
a mayt ansi noi d,. - 1065. anal og,. a taxane, a - bi ndi ng age and nore
pr ef er ABYSAUPR Will g%\gﬁ%ﬁ?g 'Cﬁ&”&gtl‘frh‘é’]tﬁ% ?UP’&E&D‘%\#L\%#’%@&&%MEWQLB? esented in
formulae 1 and 2: X-L-Y+C--->X-L-Y' -C(1) Ab+ X-L-Y'-C (unpurified from
react i owmdarptood gt they ape notigpnded tp Fimitide snvigation inibpseemhodiments-f Pe g on of

the internediate product X-L-Y' -C, and therefore provides the advantage of

di r ect Icpntrary| the inventior 13 inthederttd ichoahall(d tmatimgsumioflifedtionst &rdredi at e pr oduct
is added to the anti body or, the antibody is added to the unpurified

i nt er negdiAhRnRVAAUE My bb alchlitd RBkiiD thelsbpoBTithOpkeady afeagaraisichiged
conj ugation because it elimnates the need of a cunbersone purification

step. Ibﬁpcﬁé R, OneSRa Tf?fh?%.& Will§bn R PRI IR AHSICRARIMAGS s Wrlilr HO

inter-chain protein cross- ing or i nactivated nal ei mde residues, in

et opsauBieal Dbt Teatieh feke Bh By T ib Bl BRGSO

reactign and purification sequence. [49] The reaction 1 can be carried
out at AYYgHOBoncentrati ons of the heterobifunctional linker, X-L-Y, and the
effector or reporter group Cin aqueous solvent, organic solvent, or

or gani dAahuebusinvestm dsseribes 8 morg metherliof donipgeting adtelrcontraming offedtalt es t han
at | ower concentrations in aqueous solutions for conjugates prepared by the
tradi ti(egala dyweoxdt egenteactreported Rebypueigf, iacadibbel3 edihened. binding agent

(e.g., an antibody), in which the thiol-group containing effector or reporter is first reacted

with a bifunctional linker reagent in organic, aqueous, or mixed organic/aqueous solvent,

followed by reaction of the unpurified reaction mixture with the cell binding agent in

organic, aqueous or mixed organic/aqueous solvents.

legend abbreviations

[38] Abbreviations which have been used in the descriptions of the Schemes and the
Examples that follow are:

[39] C = Effector or a reporter group (e.g., a cytotoxic agent or a radiolabel)

[40] L = Linker (e.g., cleavable or a non-cleavable linker)
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[50] The internediate product X-L-Y' -C generated in reaction 1 can be
stored unpurified in a frozen state, at |ow tenperatures in aqueous sol vent
at appropwoavw/l4o86pH (e.g., pH -4-6), in organic sol vemC3/USer10i0870a% xed

or gani ¢/ aqueous m xtures, or in |lyophilized state, for prolonged periods
and can be mxed later with the anti body solution for the final conjugation
reacti ¢aljat Xa=higiereagivevabuie(eds., Hihgdioxdsi@cinirhiee eftor @IS estery, sutfot he

conveni ence of this reaction sequence. The internedi ate product can be

di | ut eN@S e$t89PiniREhnhEIRSRE, IaR R10BRUMERH e Bhend é@er,ag-%?&‘é§yi29{ifr§f , or a

m xture of organi c sol vent ‘and aqueous butfef prior to mxing wth the cell
bi ndi n nt, . t vapout” as used herein in connection with a

nuner i %gﬁf%ﬁ-& uyaglé:agiﬁggesFeg)tbood to refer to all such nunbers, including all
numnber nd | ] varjations therefrom The reaction of. the internediate

pr oduct 4§-L-\${;%aﬁ“f“ﬁlea9ﬁha&§ﬂ§fa@ (frdlopegiamide, Yonoaetaiidela) ues of about 4
to about pH 9, preferably in the pH range of about 5 to 8.7, nore

pref er dbdly, Yuiseheacpr maredaiviiidehgavn 6.6, 2-pyadddithie, Spyrdidditae, 2-pH 6. 5,

6.6, 6.7, 6.8, 6.9, 7.0, 7.1, 7.2, 7.3, 7.4, 7.5, 7.6, 7.7, 7.8, 7.9, 8.0,
8.1, 8.n2ro-Pyddyl8itio, SnitroSydidyRlithid, avagexyiteniaorpyoidyklithld) vari ati ons
therefrom The buffers used for the reaction of the antibody wth the

i nt er nggiat ex'pr AEEtinkade- Y' - C in the preferential pH range of about 6.5 to
8.5 are buffers with pKa values around this pH range, such as phosphate and

HEPES gggferY. Jlﬂﬁ%?ﬁg{}g%%ﬁ8956%[‘%&%15%@@?'#5?%&8 e have primary or secondary

anm no ups, or reactive group t can react with |inker X (such
as Nh OXYSUCCL nj M ter).. 51] A stoichionetric or a slight excess
of C o&gé] the h Sé‘)'fg’lﬁg?‘irﬁgfﬁ%%lfag%i nker X-L-Y is used in the first reaction
to ensure that all Y group (such as maleim de) is reacted before the
unpurified mxture is added to the anti body. An optional additional
treatment with a quenching reagent (such as 4-nmal ei mi dobutyric acid,

3- mal ei[A7ldognop¢ embedimentof this itNeatiby| ambedsaiatdhe prepiratieneiet thimether- or

i odoacet am dopropi oni ¢ acid) can be done to ensure that any unreacted Cis
quenchaphkbétedjagam sf Hg:IMbihting AgerdMithetyffdctor Bt B iréfozter mbleculevant ed
thiol-disulfide interchange reaction with the native antibody disulfide

gr oups.qebiRMRd AUE BERERT oWIpkRinR th@olloGd) gﬁs&: Lhtadihgnakidsbififrasls (such
as 4- mal ei mdobutyric acid or 3-nmal ei m dopropi onic acid), the excess,

)
t Cd ted i . g b il
separ atieroHBrFRE SELCE R Bt opRlyBling ARMLHT ol il ¢ F ™ Y
reaction m xt ur(g%rgﬁ%gef or%ﬁﬁuri fication, is treaied with IHJC| eophil es, such

as am MEAGEHBHR! 1orHE e, 81 AT S9bvepk ogganiq SPLYERb O PUE e,

hydr oxyl am ne) to quench any unreacted linker (X-L-Y' -C) . [52]. An

al t er nFgaNEc/pRCABYCRYon R tyrenwhich yiddds amipteppediatgiproduchef foppweiXled initi al
reaction m xture of nmaytansinoids (DWk) and heterobifunctional |inker

i nvol ve¥'-@ Wi myinghef thorepctadn medeivathont purificatiod witkte ceHebildibgagssk f unct i onal
| i nker (upon conpletion of the DW-Iinker reaction) with anti body at | ow pH

(pH - S)suftphd anedivbily ealsl tbipasduet albuhjhgite of fdrms: AB-(XNEFEREY,, Witerghl t 0 about
6.5-8.5 for the conjugation reaction. [53] This new nethod is applied to

the pr gﬁ&rﬂdb&gu%h R in@biitaRAMine AN bHABkE MclElid 1RyIC Mk kX4 GliRYE ansi noi d

drug. e anti body-maytansinoi d conjugates prepared using thi's”nmethod

outli nedoldbdaliRe HRAr 116 2abOH ARG o Lirkoid BPERRAASDY y MEi s BiReRRPEr T OF 11
selected from alkyl, alkoxy, halogen, nitro, fluoro, carboxy, sulfonate, phosphate, amino,

carbonyl, piperidino) or a polyethylene glycol containing unit (preferably 1-500 PEG

spacer, or more preferably 1-24 PEG spacer, or still more preferably 2-8 PEG spacer); X
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WO 2010/ 141566PCT/ US2010/ 037046 honobgeneity conpared to the conjugates
prepared by the traditional two step reaction and purification sequence,
based on wbanwcimessbzat i on of the conjugates by reduci ngPEDIRAGE/03PHEOL €i N
LabChi p el ectrophoresis, and nmass spectronetry. The conjugati on net hod
described in this invention that involves the reaction sequence 1-2 al so
does nandraueianenaoythiohrectiedg@mup spar dsfV-bpdropysustieimidaestérsantiher ef or e
significantly nore convenient than the traditional two-step nethod. [54] In

a _SeC0%l&ﬂ‘fi’%ﬂﬁ[ﬂac&ﬁmld&,eAbﬁy%ﬂ&ﬂt%d%ﬁnﬁg 9 Bspef bmt NBO;X'gpar ati on of a
t hi oet her-1inked conjugate of a cell-binding agent wth an effector or

report ] j escoi | Sl t i 1)

cont act(:ah:’i orgfgm %@%hﬁﬁ? U%lc |lgh2¥9?%% 2&@% %lfi &g) gr% %&&Ogym’ygmst O%g&tdh‘?ol - or

am ne-contai ning effector or reporter grou (such, as a cytotoxic agent)
in aquébt '%oﬁh\‘f% er LB@@&&%‘“’S’[BP %’Ht‘f“ﬂbgorrﬁxg@gleaaﬁg&?%(}coargﬁﬁ%?rca reaction

m xtures to yield Y-L-Y' -C, b) mxing of the reaction m xture w thout

puri f i cadiplebelwif the effectonor rrparien growrjgad aspwdiqatippal Be cayjuesasy or gani c

m xture to produce a conjugate of formula Ab-(Y -L-Y' -Cm wherein, L is as
def i nedarapntia flow filiratiod, hiiadysis, or clawnnaegrahet(e.ge g fduptiey cn-eshangeal ei m de or
hal oacet am de, or N hydroxysuccini mde or sulfo N hy droxysuccinimde; Ab

is an RiJrRestaphy, hpdrBphdbid BERActioh@RrondtOordfliy) ¥r a ksmbinetidioghefcofd Y site
(such as a thioether or am de |inkage) upon reaction with anti body or a

modi i ?’g?fgra%i & igﬁtfﬁigl—?eégt?\éeé %}-gl?[?gﬁ&ﬁeﬂrorﬂ%ﬂﬁn{ia@&qﬁﬁ%&{&ﬂmer eaction with

the cytotoxic agent or et or reporter group, and c) purification of
(e, Con BB R Dl LIRSSk AL DAL R Blsia.s SfaSprart oot aohy
' §or IOFIAGR, hriaaa5tors eres s irorpgayy oy A D RRap {1 e {1 om
reaction 3)Ab-(Y -L-Y -C)n(4)

taxane, a DNA-binding agent, and more preferably it is a maytansinoid.

[48] This reaction sequence represented in formulae 1 and 2:

X-L-Y + C — X-L-Y'-C 1)

Ab  + X-L-Y'-C (unpurified from reaction 1) — - Ab-(X'-L-Y'-C)m (2)

does not involve any purification of the intermediate product X-L-Y'-C, and therefore

provides the advantage of directly mixing it with the antibody (the unpurified

intermediate product is added to the antibody or, the antibody is added to the unpurified

intermediate product) thereby making the method advantageous for conjugation because

it eliminates the need of a cumbersome purification step. Importantly, this method yields

homogeneous conjugate with no inter-chain protein cross-linking or inactivated

maleimide residues, in contrast to the inter-chain protein cross-linking and inactivated

maleimide residues observed in conjugates prepared by the traditional two step reaction

and purification sequence.
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does not involve any purification of the internediate product Y-L-Y -C, and
therefore is an advantageous nethod for conjugation. [55] In athird
enbodi mrerwQ 2a10prHe56ss for the preparation of a disul fi decriusked/osmaé ugat e
of a cell binding agent with an effector or reporter nolecule is described
that conprises of the follow ng steps: a) contacting a heterobifunctional

| i nker [4f] f dhoudaation 1 ¥in bé tdriedeutet hightconcentrati@par tler hegrrobifunCli¢salich as a
cytotoxic agent) in aqueous solvent, organic solvent or m xed

or gani GLRAGUKOUSY, laR@ fel PRc Bt ¥f Kbl Bold €lifladrots SRl RN Ogbiednt XrL- YD - C
b) mxing of the reaction mxture wthout purification with the antibody in
an aquequs. SO [.on. or S E 1 t conj ugat e of
P S T e L e S v
reactive disul.fide such as a pyridyl djsulfide,or, a nitro-pyrid

di sul f icgReenixafinsipy a‘é‘FﬁOH%g’i\é“‘a‘B’gif%coéi%ﬁs DIFPRTed PN ?H?‘%Q%E‘}é/‘? ?%Fﬁ% de ester
or sulfo N-hydroxysuccinimde ester; Ab is an antibody; mis an integer

f r om 1 reastign andpurificaipnlpdqueeceX site (such as ami de |inkage) upon reaction
with antibody; Yb' is nodified Yb site (disulfide) upon reaction with the
cyt ot 0fp@] agdstintermezlidteptoductdX-1r¥pOrgeperagd duactamdl cdn hmustéred cat i on of the
conjugate by tangential flow filtration, dialysis, or chronmatography (gel

fi 1 tratngifiddmeXEHRA YRS B IBUBERAGERRINS in AY AP BEIRER at ApR6@Ekd R pH
chr omat ogr aphy) or a conbination thereof. The reaction sequence Is

GO e GRS 0H 4 LSRR 2808, Sy b A paon ol ot L -C
O e B0 S5 0 i AR 220, S o e, oLy v

(thi oether |inkage) and cleavabl e (disulfide |inkage)-co I.sing the
f ol | owifpriths flepkcongiggbier FeRgéan at&)hlgk?ﬁPHc‘tailW?g)fﬁbwt%@%E‘Z&&E%lf}% Rkers with

the cytotoxic agent C to generate internedi ate conpounds of foinulae
X- L- Y -t eonvedehce\ds thi€redodiomrbogueieeo The ietemessiéate produetcan be dilvied Bput
purification with the antibody either in a sequence or simultaneously as
i ndi catregliied wiaeighmn sbloemmer ath7aqleous buffer, or a mixture of organic solvent and
aqueous buffer prior to mixing with the cell binding agent. The term "about" as used
herein in connection with a numerical should be understood to refer to all such numbers,
including all numbers and small variations therefrom. The reaction of the intermediate
product X-L-Y'-C with antibody can be carried out at pH values of about 4 to about pH 9,
preferably in the pH range of about 5 to 8.7, more preferably, in the pH range of about
6.5 to about 8.5, such as, pH 6.5, 6.6, 6.7, 6.8,6.9,7.0,7.1,7.2,7.3,74,7.5,7.6,7.7, 7.8,
7.9, 8.0, 8.1, 8.2, 8.3, 8.4, and 8.5, a pH range therein or small variations therefrom. The
buffers used for the reaction of the antibody with the intermediate product X-L-Y'-C in

the preferential pH range of about 6.5 to 8.5 are buffers with pK, values around this pH

range, such as phosphate and HEPES buffer. These preferred buffers should not have
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X-L-Y+CX-L-Y' -C(7) X-L-Yb+CX-L-Ybi-C(8) Ab + X-L-Y' -C +

X-L-Yb' -C(unpurified fromreactions 7-8) Ab-(XL-L-Y -Om X-L-Ybt-C)., (9)
to provi dwoaomonjisgate Ab- (X -L-Y' -C).(XI-L-Yb' -O).,, WRETAISA)10{0B46
definitions of X L, Y, C Yb', and mare as given above, and m is an
integer from1l to 20; and c) purification of the conjugate by tangenti al

flow fidfnkaay bPfecoftiady ¥fir®, grélipsC i QB regutivg Ryoupgehatldah kdaat wih link@rk exchange
chromat ogr aphy, hydrophobic interaction chromatography) or a conbination

t her eof S%E%g?ﬁ%%%djg{rllggff&mgg és%r&npr internediates (X-L-Y' -C and X-L-Yb' -0

are m xe Ication th the antibody in different sequences

(first X-L-Y -C then X-L-Yhi- or first X-L-YbLC then X-L-Y ¢

si mul ta[ﬁbtuﬁ?t)mcith}?ni‘ﬁg}“’r %xuassq],ggﬁ:)bqess[ %flﬁ Oﬁ‘ﬂ)éﬁler helerp g\l&c(%]f?ééfnk%r, Xghgr 7-8, can
be carried out at high concentrations of the bifunctional |inker (X-L-Y,

X- L- Yb,is nyedyn theyfirstaigertiondo epgueethat alby grewvisuer asgpaginide)iinreggigdous sol vent ,
organi ¢ solvent, or organic/aqueous reaction m xtures, resulting in faster
r eact i drfaratiesurphafiedmiittoneds addedde ticramtibodys Amopttprebadlisaialitréasmsnt or
conjugates prepared by the traditional two step reaction and purification
sequenGgi gﬁ&chﬁg 6?_&%}6#& khdht 46 40t ale@BIOBHSTiE Scitl] Ihialdd@idopPionic acid,

2010/ 141566PCT/ US 037046
or N-ethylmaleimide, or iodoacetamide, or iodoacetamidopropionic acid) can be done to
ensure that any unreacted C is quenched before mixing with the antibody to minimize any
unwanted thiol-disulfide interchange reaction with the native antibody disulfide groups.
Upon quenching with polar, charged thiol-quenching reagents (such as 4-
maleimidobutyric acid or 3-maleimidopropionic acid), the excess, unreacted C is
converted into a polar, charged adduct that can be easily separated from the covalently-
linked conjugate. Optionally, the final reaction mixture 2, before purification, is treated
with nucleophiles, such as amino group containing nucleophiles (e.g., lysine, taurine,
hydroxylamine) to quench any unreacted linker (X-L-Y’-C).
[52] An alternative method for the reaction of antibody with the unpurified initial
reaction mixture of maytansinoids (DMx) and heterobifunctional linker involves mixing
the initial reaction mixture of DMx and heterobifunctional linker (upon completion of the
DMx-linker reaction) with antibody at low pH (pH ~5) followed by addition of buffer or
base to increase the pH to about 6.5-8.5 for the conjugation reaction.
[53] This new method is applied to the preparation of an antibody conjugate with the

cytotoxic maytansinoid drug. The antibody-maytansinoid conjugates prepared using this

method outlined in the reaction sequence 1-2 unexpectedly were much superior in

16



[58] The inteuiiediate products X-L-Y' -C, or Y-L-Y -C, or X-L-Ybi-C
generated in reactions 1, 3, 5, and 7-8 can be stored unpurified in a
frozen stwDep10a41366w t enper at ures i n aqueous sol vent at papprseq@oioatoes pH, in
organi ¢ solvents, or in mxed organi c/aqueous m xtures, or in |yophilized
state, for prolonged periods and can be added later to the anti body

sol ut i asmb@ncitheompmal tchnjcogagatenprepaed bpthe ttdigicabbive sigpdicagiono t he
conveni ence of this reaction sequence. [59] A stoichionetric or a slight

excess ,of p&if4Ebn Ts@t{%xeﬁ'&t 8128 bh YRShteR i ohi o R coffulgat¥s bPFedfcing BDr  X- L- Yb
is used |n the first reaction to ensure that all Y group (such as

mal ei .S reac r gdato the

anti bo %%’)EAR rOte]tnl oarrtgﬂlp 63%:%{ ?%(?’]Ig gll[idsg %ﬁ&tr%{rg. ?Béeﬁ% 9% rrleagent (such
T S 8o B 19 i Bt .
ensure that any unreacted fgroup (such as thiol) in Cis quenched before the
addi t i owuire anfentermedizsapurificaipmptap sed riberatorpyisaifcantiyonogicany e

i nterchange reaction with the native anti body disulfide groups. The
quenchiing thé trhdidoe cessteEnushoty a charged, pol ar thi ol - quenchi ng reagent,
after the initial reaction of Cwth the bifunctional |inker, converts

excess 143 ntIQa@eJ&hQ'@h%o@ﬁ{eﬁf of thBiiBlenB6H, Ulréceadtb el frbgdratich fasi | y separ at ed
fromt he coval ently-1inked conjugate by gel filtration, dialysis, or TFF

The fi %oetﬁ?phfﬂgﬁtcg?ﬁ%ﬁ? Uek nggﬁldﬂ‘%[ >§t%ur Vit gn @f?é’ct&% rﬁ%‘f@{ ﬁlmelciﬂeEi§SOC' at ed

C. Optl ona reaction before

purlflcatl are .tre wi t h nucl eophi uc n

cont ai (FFY ﬁ@&?@B‘ﬁfﬁP% gf%d]éo‘ﬁmg S{]e%l %C%nkaﬁﬁ% ﬁﬁom %‘#HOC}(I)%/I e%rlr]i%lﬁ%goqtjg quench
any unreacted linkers (X-L-Y -C Y-L-Y e% or X-L-Yb' "% % An alternate
net hod femmulad -k eawith griiel- %ﬁfﬁl%@ﬂf“w ﬁ%@t%ﬂrpnﬁp?lﬁre%ao Dt {95P 3 Bact i on

m xture of DMk and bifunctional linker involves mxing the initial reaction
m xt ur eyetoxiOdeng)id abudous selveniadrghiin kelvertupronixed Apiasts/ OTEaBic reasEomk- | i nker
reaction) with anti body at |low pH (pH -5) followed by addition of buffer or
base t enikfigéLaseeld NeL P a,®) aligiug of tHe-reSctnimikturdievithoutjpugiéitatom widact i on.

[61] Multiple copies of nore than one type of effector can be conjugated to

the anthhadyodyind Qédﬁxg sb1WRoPbr ARESud/ brak@E nekiuCloProdurt alcoEdp@at e deri ved
fromtwo or nore fferent effectors, without purification, to the anti body

el ther formﬁa %%g&eiq? -85m,w&91ﬁ,‘t”ﬁ%§ %Eﬁnedsﬁ)lz m aqgg'lp&sc)mlne reactive

group such as a maleimide or haloacetamide, or N-hydroxysuccinimide or sulfo N-
hydroxysuccinimide; Ab is an antibody; m is an integer from 1 to 20; Y' is the modified
Y site (such as a thioether or amide linkage) upon reaction with antibody or a modified Y
site (such as a thioether or amide linkage) upon reaction with the cytotoxic agent or
effector or reporter group, and ¢) purification of the conjugate by tangential flow
filtration, dialysis, or chromatography (gel filtration, ion-exchange chromatography,
hydrophobic interaction chromatography) or a combination thereof. The reaction
sequence represented in formulae 3 and 4:

Y-L-Y + C — Y-L-Y'-C 3

17



[62] The terns Effector group or Effector nolecule are used interchangeably

and the term"Effector group(s)" or "Effector nolecule(s)", as used herein,

i S meant WO 20ricl4ibe cyt ot oxi ¢ agents. I n certain respecPsI/USkony7obe

desirable that the effector groups or nolecules are attached by spacer arns

of various lengths to reduce potential steric hindrance. Miultiple copies of

mor e t haly toBLtYHe (ahpueiffied dtond readtion® conjAlgey'ddvt-@)f he apti body by addi ng

two or nore linker-effector internediates derived fromtwo or nore

di 11 er &fdfes RETRFIIOL Sny WMrIRHEn Ptihk i&RldPRe ploBudiReLapte DRl GLREL 1N 2

sequence or sinultaneously. [63] Cytotoxic agents that can be used in the

present_i ra\(fgnqgieons }nrééll g%er cg:ohem) .herapeuti c agents or structural anal ogues

of cher%lt%erap%l?fll C 8 PrSCONERR Rt herapeutic agent” is a chem cal conpound

useful in the t{l,e trre&%, of cancer. Exanpl es of chenot herapeutic agents

i ncl uddal kylPatt lﬁﬁerag fognt, & praresssfor egrensaation ! ayigubfileoapsdni de

(CYTOXANTM ; al kyl sulfonates such as busul fan, inprosulfan and piposulfan;

azi ri diqegpigaiedla cald bheimeogopayitle an bifepione repreten medisple, is derdribedetiapa;

et hyl eni m nes and net hyl anel am nes i ncl uding altretam ne,

tri et hydogipeised @ithefollotvingedtypse g pbaapiigraisidebifinctieldl Yinkaeif forapioXphaor an de

and trinmethyl ol onel am ne; acetogenins (especially bullatacin and

bul | at gci EAHS j j j [

POt caar Ry BT Th e P BB R WP o 1,

carzel esipn.: | i n i nak . LI hycin rticularly
2hdhidh V%’;Hrt] é? h?féd%r%%n&%?cﬁieg?s 1%@2?03%#%?\%?@ & ﬁah%ﬁm}fnedla&? igl%% ét

crypt opch cin crypto ocarmycin nctudi ng the

synt hetj ues, 2189 and CBI-TM);. el eutherobin; papcratistatin; a
Rt ST Ak o e e N S ol R IR A A

chl or naphazi ne, chol ophospham de, estranustine, ifosfam de,

mechl orasapeisi sabitioneE AIusPBY preanisaniERiIre® ITodics @Hloaiugats of fempiimA X -

novenbi chi n, phenesterine, predninustine, trofosfam de, uracil nustard,

ni t r os ur-&a'sChi ethemsn, dais asidescribed aivvey Bz staaeaative louHidestcngs, a pyaidyst i ne,

ni mustine, raninustine; antibiotics, such as the enediyne antibiotics (e.g.
cal i cheagilfiddor £ER8GyaYYdisafiie re aHnGinine-genwd @odp s@higheam cin theta I,
see, e.g., Angew ChemIntl. Ed. Engl. 33:183-186 (1994); dynemi cin,

i ncl udi &M@@d&' j ; W& D el | Z4 tatin

chr omp}ﬁgge and @gﬁﬁga&gf\%%ﬁ%@gﬁwgg@ll yrelgsgﬁ’tﬁng icdgtalﬁgwgﬁ? glrrl%rmphor es),
acl acin i ns t cin thya i azaseri pe. . bl eo ins,.

Sact i nomyBrEe b 2P RadHens S Bl pERRRE IR R SGIgriR

dacti nomycin, daunorubi cin,. detoyubicin, 6-diazg-5-0xo-L-norleucine,

doxor umrn“éﬁﬂ%(;i dﬁertﬂdhfgedﬁ%r %W&&SHB@GMW%WP %ﬁhﬁfa RBHIA 3858t Yoxor ubi ci n,
2- pyrrol i no-doxorubi ci n and deoxydoxor ubi cin), epirubicin, esorubicin,

i dar ubi@festor pareperteiogrpen;end g) peestias of thecopivente by dangenida! flewgal amyci n,

ol i vonyci ns, peplomycin, potfironycin, puronycin, quelamycin, rodorubicin,
st r ept dilirgtiom diadysis pt clromiatogrdphlpdge ifdiratjon, beerchenge chromatb@tphy, zor ubi ci n;
anti-netabolites, such as nethotrexate and 5-fluorouracil (5-FU); folic

aci d  WHJIZsHHRbikAALRBRE LAISRIAKM BT D0 altbifSURSherSHT MRS c4lEBAPt €ri N,

nmet hotrexate, pteropterin, trinmetrexate; purine anal ogs, such as

f | udar %gﬁ%ﬁegs-%{eg%é%%maeg%@gj prine, thioguanine; pyrimidine

anal ogs s, ancitabine, azacitidine, 6-azauridine, carnofur,

cyt ar abj,ne,, di deoxyuridi ne, doxifl.ugi,dine, enocitabine, floxuridine, 5-FU,
andr oggjﬁ'rst,'yéuch a’zsf cal(gster?ne, %’ll(i#lbg(lfanol one propi onat e(5 epi tiostanol,
mepi ti ostane, testolactone; anti-adrenals, such as am nogl utethin de,

m t ot andb % P¥-FotSnémpugiipd frgm st Dnis Hab-(Xskoh'-&3n f r d6i ni ¢ aci d:

acegl at one; al dophospham de gl ycosi de; am nol evul i ni c aci d; ansacri ne;

best r ab86] | ;Inki founrth embedimeds prpacesefor thef mEparatine ofdengates ofatibddyzi quone;
elfomthine; elliptiniumacetate; an epothilone; etoglucid; gallium

ni trat ewithydeuyotresurter griups aith tomysta B litkerBYAGREEARbRY thiSeded? as

mayt ansi ne and ansami toci ns; mtoguazone; nitoxantrone; nopi danol ;
nitracrine; pentostatin; phenamet; pirarubicin; podophyllinic acid; 2-

et hyl hydr azi de; procarbazine; PSK (r); razoxane; rhizoxin; sizofiran;

spi roger mani unt tenuazonic acid; triaziquone; 2,
2',2"-trichlorotriethylamne; tri chothecenes (especially T2 toxin,
verracurin A, roridin A and angui di ne); urethan; vindesine; dacarbazine;
mannonmustine; mtobronitol; mtolactol; pipobroman; gacytosine; arabinoside
("Ara-C'"); cyclophospham de; thiotepa; taxoids, e.g. paclitaxel (TAX01, 6,
Bristol - Mers Squi bb Oncol ogy, Princeton, N J.) and doxetaxel (TAXOTERE(r),
Rhone- Poul enc Rorer, Antony, France); chloranbucil; gentitabine;

6-t hi oguani ne; mercaptopuri ne; nethotrexate; platinum anal ogs such as

.= - o, NI A ~S\




above. Also included in this definition are anti-hoinional agents that act
to regulate or inhibit hornone action on tunors, such as anti-estrogens

i ncl udi ngwbanioendadepl e t anoxi fen, ral oxi fene, aromatase Pamius2ai00§7046
4(5)-i m dazol es, 4-hydroxytanoxifen, trioxifene, keoxifene, LY117018,
onapristone, and torem fene (Fareston); and anti-androgens, such as

f 1 ut anigRagenbhdiélaaviablR, (dBuERL UinRagede colmpripingthedfdlowit syeps és ddstrihedsi RNA and
pharmaceutically acceptable salts, acids or derivatives of any of the

above. D8PS AR, RS Rifh hDB)oRAR fentseslouickde t he pr esent
Doy e AR R SIDIY SHARCUY HinRESHith hOBf1oRAT Jentd eSedikdle LNE PO SN i on

No. 20080305044 and ar.e jhncorpo LN I K, eAt ce. [64]
n o prOveracte ebourient DRBHBROTHET p R RE-Sy ey Bl iR
essentially small nol ecule cytotoxic agents. A "small nolecul e drug” is

br oad| ynik&Ees Wighost purifeapign afithythe 1oy SHheE In p SeAUGHTH O SIBHENE bRt al | i ¢
conpound that may have a nol ecul ar wei ght of for exanple 100 to 1500, nore
sui t abligdi¢atahmi2qtivo faR0dee T-Qvorably from 200 to 1000, and typically having
a nol ecul ar wei ght of |ess than about 1000. Snall nol ecul e cytotoxic agents
of thex-pvention+enconpass -ol i gopept'ices and ot her bi ono(Bcul es having a
nol ecul ar wei ght of | ess than about 1000. Small nol ecul e cytotoxic agents
are webfycparacterizedg in the argp. gueh as in WO050583674¢§, European Patent
Application Nos. 85901495 and 8590319, and in U S. Patent No. 4,956, 303,

: t.h i t : . ) b . . 30
Prof or 1 & SHEN ool Se B Byt o creRLbaRol ERAGERRSY L o P for 11

ents are that allow for |inkage

to the cel g bi d\ign e 'E‘gne i nvention includes known cytotoxic agents as
vel | as~t AL 'Eh f&ng‘ﬂ;‘é@d "known. Especially preferr eg%smal | nol ecul e
cytotoxic agents include c /t ot pxi c_agents. WO 2010/ 141566PCT/ US2010/ 037046
[66] Thie rsgvide @)Wmu%@ﬁﬁ)-(ﬁ%\}fﬁechr@i -Eonpéumdvhergin, thedgfipigiopsoh Xel-deat h of a
cell, or induces cell death, or in some nanner decreases cell viability,
wher ei ' e@cts, ctioh acias gahgarbory apd s esanantepérdrommite £29; and c) purification

of the conjugate by tangential flow filtration, dialysis, or chromatography (gel filtration,

ion-exchange chromatography,‘ hydrophobic interaction chromatography) or a

combination thereof. These two linker effector intermediates (X-L-Y'-C and X-L-Y3'-C)

are mixed without purification with the antibody in different sequences (first X-L-Y'-C

then X-L-Y}'-C, or first X-L-Y3'-C then X-L-Y'-C or simultaneously) in various ratio.

[57] The reactions 1, 3, 5, and 7-8, can be carried out at high concentrations of the

bifunctional linker (X-L-Y, X-L-Yy, or Y-L-Y) and the effector or reporter group C in

aqueous solvent, organic solvent, or organic/aqueous reaction mixtures, resulting in faster

reaction rates than at lower concentrations in aqueous solutions for conjugates prepared

by the traditional two step reaction and purification sequence where the solubility of

reagents is limiting.
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[67] Preferred cytotoxic agents are maytansi noid conpounds, taxane
conpounds, CC- 1065 conpounds, daunorubicin conpounds and doxor ubicin
conpoundswopyrwvdisbenzodi azepi ne di mers, calichean ci nspcamrsesasions and
anal ogues and derivatives thereof, sonme of which are described below. [68]
O her cytotoxic agents, which are not necessarily small nol ecyl es, such as
si RNA, [#8]e Zhs intemedinteawedebtstinYir G he Yskopé:, 6F X%'/h@{ w-RAcafRtediWent i on. For
exanpl e, siRNAs can be linked to the crosslinkers of the present invention
by met RdEorsBPS Avid Iseehnfterstdrbé unpdiffeddatifeacoftate] atjowtahpatiirkedn (see, for
exanpl e, US Patent Publications 20050107325 and 20070213292). Thus the

si RNA in.d verRat abprdHIRSPNEr iAW Qi bsinfeed ehanicidauens end of the
crossl :agll}lll(égﬁggg?ﬁﬁtggbgrwy%r oxy’llﬁ%ér?ggfsgfrllal i fy to gi vefkan edsqter bond bet ween
the si RNA and t.he crasshinker. Siymlarl.y: ' i

phosph8PEH G ?remj}' ‘fp??ﬁge% lstggaé F(?rrﬁ)%élgh %%&Jre?lﬁg?%ﬁ%%g%%g?%;rﬁﬁw?\gﬂgre\oup resul ts
in linkage of the crosslinker. to.the si RNA through an am ne. si are
descr i Be@bady sghitiagn for the {ina copineatign T8aHIne HETS Weﬂg%ﬁ%. ©568'0%5 75465,
20070213292, 20070185050, 20070161595, 20070054279, 20060287260,

20060095 2bgl;ca@DBGBQOB822, 20050288244, 20050176667, which are incorporated
herein in their entirety by reference. Maytansinoids [69] Mytansinoids
that casgjbe Alseithiometriteornr gighnexdessvatit boar tlar leetevebifuricional linket X~ t and can
be isolated fromnatural sources according to known nethods or prepared

synt hetji.gaf Iy 266009l RGsdCinkRORt PRERGIS. ensurk Tk afEXagolpgsuch asui t abl e

mayt ansi noi ds 1 ncl ude mayt ansi nol and mayt ansi nol anal ogues. Exanpl es of

Sul LAl SIS ek BABLARL R, LR UAREDRSAAORY G aRUBRY, Tieshy@namal | C

aving no Ications at ot positions. 71] "Specific

?ixcr';]lgp : %Zlﬁ%gggsll{irga’?n?eln% w?t qal c?u%g&slng ieargfg tt(gu%ﬁiagglmggi\{ﬁiggoﬂyr@géié,io?g- aromatic

maleimidopropionic acid, or N-ethylmaleimide, or iodoacetamide, or iodoacetic acid) can

be done to ensure that any unreacted group (such as thiol) in C is quenched before the

addition to the antibody to minimize any unwanted thiol-disulfide interchange reaction

with the native antibody disulfide groups. The quenching of the excess C using a

charged, polar thiol-quenching reagent, after the initial reaction of C with the bifunctional

linker, converts excess C into a highly polar, water-soluble adduct that is easily separated

from the covalently-linked conjugate by gel filtration, dialysis, or TFF. The final

conjugate product does not contain any non-covalently associated C. Optionally, the

final reaction mixtures 2, 4, 6, and 9, before purification, are treated with nucleophiles,

such as, amino group containing nucleophiles (e.g., lysine, taurine, hydroxylamine) to

quench any unreacted linkers (X-L-Y'-C, Y-L-Y'-C, or X-L-Y-C).

[60] An alternate method of the reaction of antibody with the unpurified initial reaction

mixture of DMx and bifunctional linker involves mixing the initial reaction mixture of
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[72] (1) G 19-dechloro (U S. Patent No. 4,256,746) (prepared by LAH
reduction of ansamtocin P2); [73] (2) C 20-hydroxy (or C 20-denethyl)

+/ - C- 19- owohbwwvaifee. S. Patent Nos. 4, 361, 650 and 4, 307, eCe)useposprned by
denet hyl ati on using Streptomyces or Actinomyces or dechlorination using
LAH); and [74] (3) C- 20-denethoxy, C 20-acyloxy (-000R), +/-dechloro (U.S.
Pat ent DINox ard Bi®4hclibi! linperdpporechnpletdmydfahe DMxuEinkg reecyibn)chitioanttbedy. [ 75]
Speci fi c exanpl es of suitable anal ogues of maytansi nol having nodifications

of ot hef 1oROS {HIPNS) fole\WEd 6y addifii of Bufféro? b tb thoteasPeHeqIH NBouts.424, 219)
(prepared by the reaction of maytansinol with H2S or P2S5); [77] (2)

C 14-a t y/ CH2OR) (U.S. Patent No. 4,331,598); [78] (3
C 14- h?ﬁ@%@ﬁb@%@%‘%ﬁ&ymt hyl (CH2OH orerC]:HZOAc) (U.S. Pa%ent[No]. %

4, 450, repared, f ia): )
%65 ﬁ) Wultelgle co;giles (r)fo rrrPorlgqt gnr grllea%'pe of effector can be conjugated to the

antibody by adding two or more linker-effector intermediates derived from two or more
different effectors, without purification, to the antibody either in a sequence or

simultaneously.

EFFECTOR GROUP(S)

[62] The terms Effector group or Effector molecule are used interchangeably and the
term “Effector group(s)” or “Effector molecule(s)”, as used herein, is meant to include
cytotoxic agents. In certain respects, it may be desirable that the effector groups or
molecules are attached by spacer arms of various lengths to reduce potential steric
hindrance. Multiple copies of more than one type of effector can be conjugated to the
antibody by adding two or more linker-effector intermediates derived from two or more
different effectors, without purification, to the antibody either in a sequence or
simultaneously.

[63] Cytotoxic agents that can be used in the present invention include
chemotherapeutic agents or structural analogues of chemotherapeutic agents.
"Chemotherapeutic agent" is a chemical compound useful in the treatment of cancer.
Examples of chemotherapeutic agents include alkylating agents, such as thiotepa and
cyclophosphamide (CYTOXANT™); alkyl sulfonates such as busulfan, improsulfan and

piposulfan; aziridines, such as benzodopa, carboquone, meturedopa, and uredopa;

21



[ 79] (4) C- 15-hydroxy/acyloxy (U S. Patent No. 4, 364,866) (prepared by the
conversion of maytansinol by Streptonyces); [80] (5) C 15-nethoxy (U. S
Pat ent NowoO 241081856846 and 4, 315, 929) (isol ated from Tr eRCa/usadiofobmn@) ;

[81] (6) C-18-N-denethyl (U. S. Patent Nos. 4,362,663 and 4, 322, 348)
(prepared by the denethyl ation of maytansinol by Streptonyces); and [82]
(7) 4, ztiddamyinebasl mPilynielddoinedindlnding3Byet{mpine paiethyldngmelamind, t ani um
trichloride/ LAH reduction of maytansinol). [83] The synthesis of

t hi ol - ¢eaLRLEIHY H@é&hﬁ@?ﬂri@@y%e&lﬁ%ﬁ% hhraldi@ dHdasaRthyldNaahingR; i s fully
disclosed”in U S. Patent Nos. 5,2 8,(5)20, 5,416,064, and U. S. Patent

&5 podttBai R B s ORI GER ARG Y B G
all expected to be useful. The C

posi t i GHIGFIGAHOENS [PROFeCAY); érsyﬁéteﬁ% qpaﬁ%%ég Go1of @é@@iﬁg 55 vy o an
Nmet hyl - al ani ne-containing G-3 thiol noiety maytansinoid, and an
N- mﬁt h\earzelesinging dizstesiai aymgmgti@axmlqgwe@l; Cmto@i/lydm@@éiﬁsﬂaﬁ]dicﬁxptwc@nlal ogues of
s and cryptophycin 8); dolastatin; duocarmycin (including the synthetic analogues, KW-
2189 and CBI-TMI); eleutherobin; pancratistatin; a sarcodictyin; spongistatin; nitrogen
mustards such as chlorambucil, chlornaphazine, cholophosphamide, estramustine,
ifosfamide, mechlorethamine, mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosureas such
as carmustine, chlorozotocin, fotemustine, lomustine, nimustine, ranimustine; antibiotics,
such as the enediyne antibiotics (e.g. calicheamicin, especially calicheamicin
.gammaland calicheamicin theta I, see, e.g., Angew Chem Intl. Ed. Engl. 33:183-186
(1994); dynemicin, including dynemicin A; an esperamicin; as well as neocarzinostatin
chromophore and related chromoprotein enediyne antiobiotic chromomophores),
aclacinomysins, actinomycin, authramycin, azaserine, bleomycins, cactinomycin,
carabicin, carminomycin, carzinophilin; chromomycins, dactinomycin, daunorubicin,
detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin (including morpholino-
doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and
deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin, nitomycins,
mycophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromycin, puromycin,

quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin,

zorubicin; anti-metabolites, such as methotrexate and S-fluorouracil (5-FU); folic acid

22



[85] Specific exanples of N-methyl-alanine-containing C3 thiol noiety
mayt ansi noi d derivatives useful in the present invention are represented
t he for mweeoM1413, M3, M6 and M7. CH3 0 (CH2)1SH PCT/US2010/037046

analogues, such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs,
such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimnidine analogs
such as, ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine,
doxifluridine, enocitabine, floxuridine, 5-FU; androgens, such as calusterone,
dromostanolone propionaté, epitiostanol, mepitiostane, testolactone; anti-adrenals, such
as aminoglutethimide, mitotane, trilostane; folic acid replenisher, such as frolinic acid;
aceglatone; aldophosphamide glycoside; aminolevulinic acid; amsacrine; bestrabucil;
bisantrene; edatraxate; defofamine; demecolcine; diaziquone; elfomithine; elliptinium
acetaté; an epothilone; etoglucid; gallium nitrate; hydroxyurea; lentinan; lonidamine;
maytansinoids, such as maytansine and ansamitocins; mitoguazone; mitoxantrone;
mopidamol; nitracrine; pentostatin; phenamet; pirarubicin; podophyllinic acid; 2-
ethylhydrazide; procarbazine; PSK®; razoxane; rhizoxin; sizofiran; spirogermanium;
tenuazonic acid; triaziquone; 2, 2',2"-trichlorotriethylamine; trichothecenes (especially T-
2 toxin, verracurin A, roridin A and anguidine); urethan; vindesine; dacarbazine;
mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C");
cyclophosphamide; thiotepa; taxoids, e.g. paclitaxel (TAXOL®, Bristol-Myers Squibb
Oncology, Princeton, N.J.) and doxetaxel (TAXOTERE®, Rhone-Poulenc Rorer, Antony,
France); chlorambucil; gemcitabine; 6-thioguanine; mercaptopurine; methotrexate;
platinum analogs such as cisplatin and carboplatin; vinblastine; platinum; etoposide (VP-
16); ifosfamide; mitomycin C; mitoxantrone; vincristine; vinorelbine; navelbine;
novantrone; teniposide; daunomycin; aminopterin; xeloda; ibandronate; CPT-11;
topoisomerase inhibitor RFS 2000; difluoromethylomithine (DMFO); retinoic acid;

capecitabine; and pharmaceutically acceptable salts, acids or derivatives of any of the
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H CH3 ML wherein: / is an integer of from1l to 10; and May is a
mayt ansinoid. CH3 R1 R2

~ WO 2010/141566 PCT/US2010/037046

above. Also included in this definition are anti-hormonal agents that act to regulate or
inhibit hormone action on tumors, such as anti-estrogens including for example
tamoxifen, raloxifene, aromatase inhibiting 4(5)-imidazoles, 4-hydroxytamoxifen,
trioxifene, keoxifene, LY117018, onapristone, and toremifene (Fareston); and anti-
androgens, such as. flutamide, nilutamide, bicalutamide, leuprolide, and goserelin; siRNA
and pharmaceutically acceptable salts, acids or derivatives of any of the above. Other
chemotherapeutic agents that can be used with the present invention are disclosed in US
Publication No. 20080171040 or US Publication No. 20080305044 and are incorporated
in their entirety by reference.

| [64] In a preferred embodiment, chemotherapeutic cytotoxic agents are essentially
small molecule cytotoxic agents. A "small molecule drug" is broadly used herein to refer
to an organic, inorganic, or organometallic compound that may have a molecular weight
of for example 100 to 1500, more suitably from 120 to 1200, favorably from 200 to 1000,
and typically having a molecular weight of less than about 1000. Small molecule
cytotoxic agents of the invention encompass oligopeptides and other biomolecules having
a molecular weight of less than about 1000. Small molecule cytotoxic agents are well
characterized in the art, such as in WO05058367A2, European Patent Application Nos.

- 85901495 and 8590319, and in U.S. Patent No. 4,956,303, among others and are
incorporated in their entirety by reference.
[65] Preferable small molecule cytotoxic agents are those that allow for linkage to the
cell-binding agent. The invention includes known cytotoxic agents as well as those that
may become known. Especially preferred small molecule cytotoxic agents include

cytotoxic agents.
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[66] The cytotoxic agent may be any compound that results in the death of a cell, or
induces cell death, or in some manner decreases cell viability, wherein each cytotoxic
agent comprises a thiol moiety.

[67] Preferred cytotoxic agents are maytansinoid compounds, taxane compounds, CC-
1065 compounds, daunorubicin compounds and doxorubicin compounds,
pyrrolobenzodiazepine dimers, calicheamicins, auristatins and analogues and derivatives
thereof, some of which are described below.

[68] Other cytotoxic agents, which are not necessarily small molecules, such as
siRNA, are also encompassed within the scope of the instant invention. For example,
siRNAs can be linked to the crosslinkers of the present invention by methods commonly
used for the modification of oligonucleotides (see, for example, US Patent Publications
20050107325 and 20070213292). Thus the siRNA in its 3’ or 5’-phosphoromidite form
is reacted with one end of the crosslinker bearing a hydroxyl functionality to give an ester
bond between the siRNA and the crosslinker. Similarly reaction of the siRNA
phosphoramidite with a crosslinker bearing a terminal amino group results in linkage of
the crosslinker to the siRNA through an amine. siRNA are described in detail in U.S.
Patent Publication Numbers: 20070275465, 20070213292, 20070185050, 20070161595,
20070054279, 20060287260, 20060035254, 20060008822, 20050288244, 20050176667,
which are incorporated herein in their entirety by reference.

Maytansinoids

[69] Maytansinoids that can be used in the present invention are well known in the art
and can be isolated from natural sources according to known methods or prepared

synthetically according to known methods.
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Rl and R2 are H, CH3 or CH2CH3, and may be the sane or different; mis O,
1,2 or 3; and May is a maytansinoid. O N(CE12)nSH nay M
WO 2010/141566 PCT/US2010/037046

[70] Examples of suitable maytansinoids include maytansinol and maytansinol
analogues. Examples of suitable maytansinol analogues include those having a modified
aromatic ring and those having modifications at other positions.

[71]  Specific examples of suitable analogues of maytansinol having a modified
aromatic ring include:

[72] (1) C-19-dechloro (U.S. Patent No. 4,256,746) (prepared by LAH reduction of

ansamitocin P2);

[73] (2) C-20-hydroxy (or C-20-demethyl) +/-C-19-dechloro (U.S. Patent Nos.
4,361,650 and 4,307,016) (prepared by demethylation using Streptomyces or Actinomyces

or dechlorination using LAH); and

[74] (3) C-20-demethoxy, C-20-acyloxy (-OCOR), +/-dechloro (U.S. Patent No.

4,294,757) (prepared by acylation using acyl chlorides).

[75]  Specific examples of suitable analogues of maytansinol having modifications of
other positions include:
[76] (1) C-9-SH (U.S. Patent No. 4,424,219) (prepared by the reaction of maytansinol

with H2S or P2S5);
[77] (2) C-14-alkoxymethyl (demethoxy/CH20R) (U.S. Patent No. 4,331,598);

[78] (3) C-14-hydroxymethyl or acyloxymethyl (CH20H or CH20Ac) (U.S. Patent

No. 4,450,254) (prepared from Nocardia);

[79] (4) C-15-hydroxy/acyloxy (U.S. Patent No. 4,364,866) (prepared by the

conversion of maytansinol by Streptomyces);
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wherein: nis an integer of from3 to 8 and May is a maytansinoid.
wherein: /isl,20r3; Yois O or H and X3 is H or CH3. CH3 O
WO 2010/141566 PCT/US2010/037046

[80] (5) C-15-methoxy (U.S. Patent Nos. 4,313,946 and 4,315,929) (isolated from

Trewia nudiflora);

[81] (6) C-18-N-demethyl (U.S. Patent Nos. 4,362,663 and 4,322,348) (prepared by

the demethylation of maytansinol by Streptomyces); and

[82] (7) 4,5-deoxy (U.S. Patent No. 4,371,533) (prepared by the titanium

trichloride/LAH reduction of maytansinol).

[83] The synthesis of thiol-containing maytansinoids useful in the present invention is
fully disclosed in U.S. Patent Nos. 5,208,020, 5,416,064, and U. S. Patent Application

| No. 20040235840.
[84] Maytansinoids with a thiol moiety at the C-3 position, the C-14 position, the C-15
position or the C-20 position are all expected to be useful. The C-3 position is preferred
and the C-3 position of maytansinol is especially preferred. Also preferred are an N-
methyl-alanine-containing C-3 thiol moiety maytansinoid, and an N-methyl-cysteine-
containing C-3 thiol moiety maytansinoid, and analogues of each.
[85] Specific examples of N-methyl-alanine-containing C-3 thiol moiety maytansinoid
derivatives useful in the present invention are represented by the formulae M1, M2, M3,

M6 and M7.
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CH,
(@)
N (CH,)SH
H
0 CH,
Mafl
M1
wherein:

[ is an integer of from 1 to 10; and

May is a maytansinoid.

CH, O
Ri Ra
o |
N CH—CH—(CH,),SH
H
0 CHs
Ma?
M2

wherein:
R; and R; are H, CH; or CH,CH3, and may be the same or different;
mis0,1,2or3;and

May is a maytansinoid.
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0, 1,2 or 3; and May is a maytansinoid.
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wherein:
n is an integer of from 3 to §; and

May is a maytansinoid.

Yo\ O

X30

MeO

wherein:

lis1,2or3;

Yo is Cl or H; and

X3 is Hor CH3.
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wherein: ois 1, 2 or 3; pis an integer of 0 to 10; and WO
2010/ 141566PCT/ US2010/ 037046 May is a maytansinoid. SH (CH2)0 O
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)@ :
CH- CH (CR3R,)mSH

Hj

Q)

May

M7
wherein:
Ri, Ry, Rs, Ry are H, CH; or CH,CHj3, and may be the same or different;
mis 0,1,2 or 3; and
May is a maytansinoid.

[86] Specific examples of N-methyl-cysteine-containing C-3 thiol moiety

maytansinoid derivatives useful in the present invention are represented by the formulae

M4 and MS.

s\ H
(CH2)oQ

N (CH),CH3

JumQ
Q0
~

M4

wherein:
ois1,2o0r3;

p is an integer of 0 to 10; and
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(CH2) 0CH3 YO\ Ol wherein: o is 1, 2 or 3; qis an integer of fromO0 to 10;
Yois O or H and X3 is Hor CT-13.
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May is a maytansinoid.

X350

wherein:

oisl,2or3;

q is an integer of from 0 to 10;
Yois Cl or H; and

X3 is H or CHs. |

[87] Preferred maytansinoids are those described in U.S. Patent Nos. 5,208,020,

5,416,064; 6,333.410; 6,441,163; 6,716,821; RE39,151 and 7,276,497.

Taxanes

[88] The cytotoxic agent according to the present invention may also be a taxane.

[89] Taxanes that can be used in the present invention have been modified to contain a
thiol moiety. Some taxanes useful in the present invention have the formula T1 shown

below:
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[87] Preferred maytansinoids are those described in U S. Patent Nos.

5, 208, 020; 5, 416, 064; 6, 333.410; 6, 441, 163; 6, 716, 821; RE39, 151 and

7,276, 49WoDamanex6 [88] The cytotoxic agent accordi ng POTIUSR0IP0EE6Nt

i nvention may al so be a taxane. [89] Taxanes that can be used in the
present invention have been nodified to contain a thiol noiety. Some
taxanes useful in the pr&ent invgption have the fornula Ti shown bel ow
WD 2010/ 141566 I

T1

[90] Preferred taxoids are those described in U.S. Patent Nos. 6,340,701; 6,372,738,
6.436,931; 6,596,757, 6,706,708; 7,008,942; 7,217,819 and 7,276,499.

[91] CC-1065 analogues

[92] The cytotoxic agent according to the present invention may also be a CC-1065
analogue.

[93] According to the present invention, the CC-1065 analogues contain an A subunit
and a B or a B-C subunit. Preferred CC-1065 analogs are those described in U.S. Patent

Nos. 5,475,092; 5,595,499; 5,846,545; 6,534,660; 6,586,618; 6,756,397 and 7,049,316.

Daunorubicin/Doxorubicin Analogues

[94] The cytotoxic agent according to the present invention may also be a
daunorubicin analogue or a doxorubicin analogue.

[95] The daunorubicin and doxorubicin analogues of the present invention can be
modified to comprise a thiol moiety. The modified doxorubicin/daunorubicin analogues
of the present invention, which have a thiol moiety, are described in WO 01/38318. The
modified doxorubicin/daunorubicin analogues can be synthesized according to known

methods (see, e.g., U.S. Patent No. 5,146,064).
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PCT/ US2010/ 037046 Ti [90] Preferred taxoids are those described in U S.
Pat ent Nos. 6, 340, 701; 6,372,738; 6.436,931; 6,596,757; 6,706, 708;
7, 008, 942yvo020R11A1B89 and 7, 276, 499. PCT/US2010/037046

[96] Auristatin include auristatin E, auristatin EB (AEB), auristatin EFP (AEFP),
monomethyl auristatin E (MMAE) and are described in U.S. Patent No. 5,635,483, Int. J.
Oncol. 15:367-72 (1999); Molecular Cancer Therapeutics, vol. 3, No. 8, pp. 921-932
(2004); U.S. Application Number 11/134826. U.S. Patent Publication Nos.
20060074008, 2006022925.

[97] The cytotoxic agents according to the present invention include
pyrrolobenzodiazepine dimers that are known in the art (US Patent Nos 7,049,311,
7,067,511; 6,951,853; 7,189,710; 6,884,799; 6,660,856).

Analogues and derivatives

[98] One skilled in the art of cytotoxic agents will readily understand that each of the
cytotoxic agents described herein can be modified in such a manner that the resulting
compound still retains the specificity and/or activity of the starting compound. The
skilled artisan will also understand that many of these compounds can be used in place of
the cytotoxic agents described herein. Thus, the cytotoxic agents of the present invention

include analogues and derivatives of the compounds described herein.

REPORTER GROUP(S)

[99] The terms Reporter group or Reporter molecule are used interchangeably and the
term “Reporter group(s)” or “Reporter molecule(s)”, as used herein, refers to a substance
which is delivered to the specific substance or cells by the specific affinity portion of the
reagent, for a diagnostic or therapeutic purpose; examples are radioisotopes,
paramagnetic contrast agents, and anti-cancer agents. Various labels or reporter groups

are useful for tumor-imaging applications in cancer patients, immunoassay applications
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[91] CC-1065 anal ogues [92] The cytotoxic agent according to the present
invention may al so be a CC- 1065 anal ogue. [93] According to the present
i nvent i orwothe/1@G66065 anal ogues contain an A subunit aRrdTAISB10/03W48- C
subunit. Preferred CC- 1065 anal ogs are those described in U S. Patent Nos.
5,475,092; 5,595,499; 5, 846, 545; 6, 534, 660; 6, 586, 618; 6, 756, 397 and
7, 049, Fbpdiafpuarvhiieisndifdaxsy ciced therdpyplisigg eslioab 8] nukhde-tigamt oxi ¢ agent
according to the present invention may also be a daunorubicin anal ogue or a
doxor ubiygi 3,0 3h@9HBrty chromatography applications for purification of bioactive agents

such as proteins, peptides, and oligonucleides. The labels or reporter groups that are

conjugated with cell-binding agents include fluorophores, and affinity labels such as

biotin. Such reporter group references can be found in US publication number

2007/0092940. Reporter groups including, for example, biotin or fluorescein can also be

attached to a PEG conjugate moiety. A number of suitable reporter groups are known in

the art, e.g., U.S. Pat. No. 4,152,411 and Hirschfeld U.S. Pat. No. 4,166,105, U.S. Pat.

No. 5,223,242, U.S. Pat. No. 5,501,952, US publication 20090136940 and are

incorporated in their entirety by reference.

LINKERS

[100] The conjugates may be prepared by in vitro methods. In order to link a drug to
the cell-binding agent, a linking group is used. Suitable linking groups are well known in
the art and include non-cleavable or cleavable linkers. A non-cleavable linker is any
chemical moiety that is capable of linking a cytotoxic agent to a cell-binding agent in a
stable, covalent manner. Non-cleavable linkers are substantially resistant to acid-induced
cleavage, light-induced cleavage, peptidase-induced cleavage, esterase-induced cleavage,
and disulfide bond cleavage. Examples of non-cleavable linkers include linkers having
an N-succinimidyl ester, N-sulfosuccinimidyl ester moiety, maleimido- or haloacetyl-
based moiety for reaction with the drug, the reporter group or the cell binding agent.
Crosslinking reagents comprising a maleimido-based moiety include N-succinimidyl 4-

(maleimidomethyl)cyclohexanecarboxylate (SMCC), N-succinimidyl-4-(N-

34



[ 95] The daunorubi ci n and doxorubi ci n anal ogues of the present invention
can be nodified to conprise a thiol noiety. The nodified

doxor ubi cwo/2dsumeieabi ci n anal ogues of the present i nvenPCcons2eioztv4shave a
thiol noiety, are described in WD 01/38318. The nodified

doxor ubi ci n/ daunor ubi ci n anal ogues can be synt hesi zed according to known
met hodsnala médoneetlgy])-cydlGex ot Boarbdiy-(Gathithcfddte), whldh is a “long chain”

2010/ 141566PCT/ US2010/ 037046 [96] Auristatin include auristatin E,

auri st ﬁﬁﬁgﬁ t JRNQ rdestatin E ( MVAE
and arghﬂ g??bed ﬁé:?F@;éégﬁgﬂﬁgFaﬁﬁﬁ€§§§K283 Fﬁ%aﬂ%ﬂ é%?g 15: 367(72 )

(1999) cul ar n er Therapeuti.cs,., vol 21- 932 (2004);
NIMUEEE Fm e s pecitimaa sies oMbl ¢ raRPidoRe
20060074008 2006022925. [97] The cytotoxic agents according to t he

pr esentacidiV-gpdiosysuceiolmide eggr (FMGH)R nr-odlcamisiobenzoi-Neltysraxyatccaimidenown i n
the art (US Patent Nos 7,049, 311;
ester (MBS), N-(a-maleimidoacetoxy)-succinimide ester (AMAS), succinimidyl-6-(B-
maleimidopropionamido)hexanoate (SMPH), N-succinimidy! 4-(p-maleimidophenyl)-
butyrate (SMPB), and N-(p-maleimidophenyl)isocyanate (PMPI). Cross-linking reagents
comprising a haloacetyl-based moiety include N-succinimidyl-4-(iodoacetyl)-
aminobenzoate (SIAB), N-succinimidyl iodoacetate (SIA), N-succinimidyl bromoacetate
(SBA), and N-succinimidyl 3-(bromoacetamido)propionate (SBAP).
[101] Other crosslinking reagents lacking a sulfur atom that form non-cleavable linkers
can also be used in the inventive method. Such linkers can be derived from dicarboxylic
acid based moieties. Suitable dicarboxylic acid based moieties include, but are not
limited to, a,®-dicarboxylic acids of the general formula shown below:
HOOC-X|-Y,-Z-COOH
[102] wherein X is a linear or branched alkyl, alkenyl, or alkynyl group having 2 to 20
carbon atoms, Y is a cycloalkyl or cycloalkenyl group bearing 3 to 10 carbon atoms, Z is
a substituted or unsubstituted aromatic group bearing 6 to 10 carbon atoms, or a
substituted or unsubstituted heterocyclic group wherein the hetero atom is selected from

N, O or S, and wherein 1, m, and n are each 0 or 1, provided that I, m, and n are all not

zero at the same time.

[103] Many of the non-cleavable linkers disclosed herein are described in detail in U.S.

Patent publication number 20050169933.
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7,067,511; 6,951, 853; 7,189,710; 6,884,799; 6,660,856). Anal ogues and
derivatives [98] One skilled in the art of cytotoxic agents will readily
under st amnsiot2zhav14emeh of the cytotoxic agents descri bed RETAISR010AB70bE

nodi fied in such a manner that the resulting conpound still retains the
specificity and/or activity of the starting conpound. The skilled artisan
w | | alfsmtju@ledvablatidkéb ate livkeys thit dah&s eleaodtiomdecdsiildabndigonsseel i n pl ace of
the cytotoxic agents described herein. Thus, the cytotoxic agents of the

pr esentooh AUEAL diRRr wa&h%keacao 3{ Qﬂﬁ%yﬁ)@&lgﬁér dr AlrioY 8ectfd. Migyd@BRAuUNds
descri bed herein. he terns Reporter group or

Reportg@}«fr&felﬁgltﬁls egéjr)sy?a%d'af]etc?es J}@e{]agoeemy and the term "Reporter group(s)"”

grl "Re ecur 45 Used fiereih, refers to a substance which is
elivered to th fic stance ar cel. the specific affinit
porti ohl®H thfads 3@&62‘?1 ers F’i?rh“g(eﬁlcé‘ij’%@f’ AEac pﬁhé?rafﬁ‘éﬁ’f’r *HiAhose: exa)r/rpl es
are radi oi sot opes, paranagnetlc contrast agents, and anti-cancer agents.
Var i ousntragebiler mmpaetpmntsesuogra@@péosams ardlyapsofnss, hayeren a¢idisgith(pHadpl i cat i ons
in cancer patients, inmmunoassay applications

5), and provide conditions suitable to cleave acid-labile linkers.

[106] Linkers that are photo-labile are useful at the body surface and in many body
cavities that are accessible to light. Furthermore, infrared light can penetrate tissue.

[107] Some linkers can be cleaved by peptidases. Only certain peptides are readily
cleaved inside or outside cells, see e.g. Trouet et al., 79 Proc. Natl. Acad. Sci. USA, 626-
629 (1982), Umemoto et al. 43 Int. J. Cancer, 677-684 (1989), and lysosomal-hydrolase
cleavable valine-citrulline linkage (US Patent 6,214,345 B1). Furthermore, peptides are
composed of .alpha.-amino acids and peptidic bonds, which chemically are amide bonds
between the carboxylate of one amino acid and the .alpha.-amino group of a second
amino acid. Other amide bonds, such as the bond between a carboxylate and the .epsilon.-
amino group of lysine, are understood not to be peptidic bonds and are considered non-
cleavable. |

[108] Some linkers can be cleaved by esterases. Again only certain esters can be
cleaved by esterases present inside or outside cells. Esters are formed by the condensation
of a carboxylic acid and an alcohol. Simple esters are esters produced with simple
alcohols, such as aliphatic alcohols, and small cyclic and small aromatic alcohols. For

example, the present inventors found no esterase that cleaved the ester at C-3 of
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for diagnosis of various di seases, cancer therapy using radioactive
nucl i de-1igand conjugates, and affinity chromatography applications for
puri fi catworronfi4ideeact i ve agents such as proteins, peptPdEAS2&0837046

ol i gonucl ei des. The | abels or reporter groups that are conjugated with
cel |l -binding agents include fluorophores, and affinity |abels such as
bi ot i nmaftaasing SpRE tiey alghol porhsirenesiths ettanmagtahsinoidisiveryUsrgewlotli cat i on
nunber 2007/0092940. Reporter groups including, for exanple, biotin or
fl uore?&ﬁ#?@ can al so be attached to a PEG conjugate noiety. A nunber of
suitab eporter groups are known in the art, e.g., U S. Pat. No.
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linking group is used. Suitable linking groups are well known in the art
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any chem cal noiety that is capable of |linking a cytotoxic agent to a

cel | - biu/3dB 304 pdEficcinimaly 54-dblperidyl ditkib grhtansate €SPP)Nem; ebe &AdbRezidtiynker s are
substantially resistant to acid-induced cleavage, |ight-induced cleavage,

pepti dﬂﬁﬁbéﬂ%@@ﬂ@]?%\ﬁ@%er SS1c B a8Rsd-nEliee dud] RaKaGRlesavdd ¢ Bd.f i de bond
cl eavage Exanp es non- cl eavabl e I'inkers include |inkers havi ng an

h- Succg?é?g;béi ¥ 3 ??é %&h{lchl\f]é ?r@otp%?ﬁ%&h&]efﬂ 3{ S eﬁﬁxte l&}p@f&h mel ei m do- or

hal oac ased noi e reaction w e reporter group or

ot ety L1601 G rEdes m‘fl}ﬁa&jﬁselulﬁe‘i(tfﬁaF SRS e SRl B onyt are.

(SIVCC) N-succi ni m dyl-4- (N
mal ei rrpubm,rpnlyhsr helms abaadescribed iy Peisnbfipriisatiph Das-e] 2/43hPehatds a 1 ong

chai n" anal og of SMCC (LC-SMCC), x-mal ei m doundecanoi c acid N-succinim dyl
ester (IBMBBYOS Fesmmbiialy,datici gmeuncoapnrelte&lhsmucmntsrﬁndwty by rederei@VBS) ,

s-mal ei m docaproi ¢ aci d N-hydroxysuccini m de ester (EMS),

m nmal ei m dobenzoyl - N- hydr oxysucci ni m de ester (MS),

N- (cc-mal ei m doacet oxy) - succi ni m de ester (AMAS), succinim dyl-6- (13-

mal el gg g)@ms}moat e (SMPH), N-succinim dyl
4-(p-maleim opheny butyrate (SWPB), and N-(p-mal ei m dophenyl)isocyanate

(PMPI) r I ety include
N sucetHTH ayt<4elri @%ﬁﬁ%@d %%ﬁﬁo R
i odoacet S| ucci ni and N-succi ni m dyl
3- (br 0B E%@';‘HF’(S‘B‘)’%S%;}WSF %lng’![)pfﬁ%ca]gi f?etF‘rgt?])' YULFIHY Y Feagent s
| acking a sul fur atomthat form non-cl eavabl e Iinkers can al so be used in
t he i neels i Thesereelhbadingigepntp invkudes can be derived from di carboxylic acid
based noieties. Suitable dicarboxylic acid based noieties include, but are
not |i mted -araibodies tacllidimg:boxyl i ¢ aci ds of the general formula shown bel ow
HOOC- XI - Y, , - Z, , - COOH

' -resurfaced antibodies (U.S. patent no. 5,639,641);

-humanized or fully human antibodies (Humanized or fully human antibodies are
selected from, but not limited to, huMy9-6, huB4, huC242, huN901, DS6, CD38, IGF-IR,
CNTO 95, B-B4, trastuzumab, bivatuzumab, sibrotuzumab, and rituximab (see, e.g., U.S.
Patent Nos. 5,639,641, 5,665,357, and 7,342,110, International Patent Application WO

02/16,401, U.S. publication number 20060045877, U.S. publication number
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[ 102] wherein X is a |linear or branched al kyl, al kenyl, or al kynyl group
having 2 to 20 carbon atons, Y is a cycl oal kyl or cycl oal kenyl group

beari ng 3woaobdi4cmebon atons, Z is a substituted or unsmboStista®s7oas omat i c
group bearing 6 to 10 carbon atons, or a substituted or unsubstituted

het erocyclic group wherein the hetero atomis selected fromN, 0 or S, and

wher ei pobe0M748Md).B. sbBicaamhuater 2005001 91vg3d el fatet dl., (199490drmprare al | not
zero at the sane tine. [103] Many of the non-cl eavable |inkers disclosed

her ei n 6@@@33&%%3%@&9% 1, (1041 brRccEpARr iRHBAAGRL h Qe Py P e

200501 eavab I'i nkers ar nkers that can” be cl eaved

under gl d condit]j b £ condi tions under I tivity of the

cyt ot oggcbe”éﬁve&t%i ?L%%g'twgf (ﬁ%ISF’fSH.et */Eﬁ?}”%ﬁgw*?“l”i kggé%pgq(ﬁ?’l Iﬂelfi?ﬁ/@é cat egory
and are _descri bed bel ow, 105] Acid-labile |inkers are_linkers cleavable
at aci dlpEyr Fofaesenrfdide 2386234 (A 991 Wadtedt pli A f ligoRed s Aentld3-1208h as
endosones and | ysosones, have an acidic pH (pH 4- 5), and provide

condi t i(09%4)saridt Mbloacy et at.l Baod, ti2d88-2b93 €90V Nkeds. [ 106] Linkers that are
photo-1abile are useful at the body surface and in nany body cavities that

are accessi higgghentk bgftibolfies bIArARFE, FabnFaar £ Hhght thewprefornghllypt € ti ssue.
[ 107] Sone Iinﬁers can be cl eaved by peptidases. Only certain peptides are

! PR R Sl UL A Dt SR B0
677-684 (1989), - . g : .

OUS parteiting? 313 TR R sonir SpE Pl yRreiRe ikl ASaahghy | 1o 1 Na0e
. al pha. -am no acids and peptidic bonds, which chemcally are am de bonds

bet weer{12¢8)icar boxyl ate of one anino acid and the .al pha.-anino group of a
second am no acid. O her am de bonds, such as the bond between a

car box %/[:1 g?]g %%cﬂg&ﬁ? cﬂﬁgﬁhln%gt%é&mﬂlﬂg@ro% cﬁfl binﬁﬁ{g@ﬁote&"s gngnderstood not to

be pep s and are si dered non-cl eava

polypeptides exemplified by, but not limited to:

-Ankyrin repeat proteins (DARPins; Zahnd et al., J. Biol. Chem., 281, 46, 35167-
35175, (2006); Binz, H.K., Amstutz, P. & Pluckthun, A. (2005) Nature Biotechnology,
23, 1257-1268) or ankyrin-like repeats proteins or synthetic peptides described, for
example, in U.S. publication number 20070238667; U.S. Patent No. 7,101,675;

WO0/2007/147213; WO/2007/062466);

-interferons (e.g. o, B, Y);

-lymphokines such as IL-2, IL-3, IL-4, [L-6;

-hormones such as insulin, TRH (thyrotropin releasing hormones), MSH
(melanocyte-stimulating hormone), steroid hormones, such as androgens and estrogens;

and
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[ 108] Some |inkers can be cleaved by esterases. Again only certain esters
can be cl eaved by esterases present inside or outside cells. Esters are

f ormed bywohelxenensati on of a carboxylic acid and an actaised1o/0Sioapl e
esters are esters produced with sinple al cohols, such as aliphatic

al cohol s, and small cyclic and small aronmatic al cohols. For exanple, the

present i nvegrtbotisfatotkhdolststimgaingfaitos|seavaEGCRET @BoeIGR, C- 3 of
mayt ansi ne, since the al cohol conmponent of the ester, maytansinol, is very

| arge an D ) ld. nee | es include, for
exanplg?éﬁfggg§$ﬁﬁw%é&?%§F?§§&%§$?ﬂ?ﬁ%ﬁ?ﬁ???%?ﬁ%?%ng§gq%%EEFﬁ (see, e.g.,
Carlsson et al., Biochem J., 173: 723-737 (1978)), N-succini m dyl

4- ( 2- pyri3dy Mihdré ithe)cbll baniias exentiSPBBRntsely it Einds to ad.abtigd?athetris a4, 563, 304) ,
N-succi ni m dyl 4-(2-pyridyldithio)pentanoate (SPP) (see, e.g., CAS Registry

number §§%é}%§i’eoa%d@ay RN REREI bR G d MR QS SeckpBr . 1igaHE fucBhs khose
described in U S. Patent 6,913,748, which is incorporated herein in its

entl ! elyoutt AEHETSNGR Ay hidflhs ggg,%;eir@wa%s%u%sg@m A0 RSl HE AR, L e

presep@ nventron’in € _ “Tinkers or op nkers’and are
F ospecteligs L BB G g5y Y He BBV HoTHOTc £OB [RBeby 1 ef er ence.
CELL BI NDI NG AGENTS [111] The cell-binding agents used in this invention
are pr atleasing fpetoy paratiimoid dgroerg; i r@id@tim}mm%eme@ Boonrptepsotlahas) whi ch
bind specifically to target antigens on cancer cells. These cell-binding
agent s liantitnyg€n; insulin A-chain; insulin B-chain; proinsulin; follicle stimulating hormone;

calcitonin; luteinizing horrrione; glucagon; clotting factors such as factor vme, factor IX,

tissue factor (TF), and von Willebrands factor; anti-clotting factors such as Protein C;

atrial natriuretic factor; lung surfactant; a plasminogen activator, such as urokinase or

human urine or tissue-type plasminogen activator (t-PA); bombesin; thrombin;

hemopoietic growth factor; tumor necrosis factor-a and -B; enkephalinase; RANTES

(regulated on activation normally T-cell expressed and secreted); human macrophage

inflammatory protein (MIP-1-alpha); a serum albumin such as human serum albumin;

Muellerian-inhibiting substance; relaxin A-chain; relaxin B-chain; prorelaxin; mouse

gonadotropin-associated peptide; a microbial protein, such as beta-lactamase; DNase;

IgE; a cytotoxic T-lymphocyte associated antigen (CTLA), such as CTLA-4; inhibin;

activin; vascular endothelial growth factor (VEGF); receptors for hormones or growth

factors; protein A or D; rheumatoid factors; a neurotrophic factor such as bone-derived

neurotrophic factor (BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, NT4, NT-5, or NT-6),

or a nerve growth factor such as NGF-f.; platelet-derived growth factor (PDGF);

fibroblast growth factor such as aFGF and bFGF; epidermal growth factor (EGF);
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-anti bodi es including: -resurfaced antibodies (U S. patent no. 5,639, 641);
- humani zed or fully human anti bodi es (Humani zed or fully human anti bodi es
are sel ecweadofowmmmssbut not limted to, huMy9-6, huB4, heCZABR20100B99d, DS6,
CD38, IG--1R, CNTO 95, B-B4, trastuzumab, bivatuzumab, sibrotuzumab, and
rituximb (see, e.g., U S Patent Nos. 5,639,641, 5,665,357, and 7,342,110,
| nt er natahGomhinPgt@ith fAp@l (TCHT) isuch AA0 @R-Albha 404 TGB-t8ta, pudbhidicaTGén nunber
20060045877, U.S. publication nunmber 20060127407, U.S. publication nunber

200501 . i Mph.ikBi or-PRSr-
%g%%”r%f??ggg Dﬁ?,t%(?lf-tw, §:18G8) B3 indh-11KBIcRbwih d3Rer- PR Z;g?Flg?igus ka et

al ., ( ngs he Nati onal Acadeny of Sciences, ,
969- 973, r.e I ncer est . 9: 49-5 2001), Heider et al.,
Eur. J ? a@iﬁéﬁ'ﬁrﬁ %“fh%@S%@f I?Lf g‘é’s‘ﬁm%ll%ie gpwi é?tgﬁ Bmé?nigr? 0ol ., 12:
1193-1203 (1994), and Ml oney et al., Blood, 90; 2188-2195 (1997)); and
~f r agmé Broiginsich 8o 6D8s Chde hD3s CHRY, CRAP and-G40; oitranosgding 2 ¢ hat
preferentially bind to a target cell (Parham J. Inmmunol. 131:2895-2902
(1983) jostBpinidngivetfacbrs; ilnrhwimicrohs; abb8e Avdphbgendtitrapin (RMOped f et al, Arch.
Bi ochem Bi ophys. 89:230-244 (1960));

interferon such as interferon-alpha, -beta, and -gamma; colony stimulating factors

(CSFs), e.g., M-CSF, GM-CSF, and G-CSF; interleukins (ILs), e.g., IL-1 to IL-10;

superoxide dismutase; T-cell receptors; surface membrane proteins; decay accelerating

factor; viral antigen such as, for example, a portion of the HIV envelope; transport

proteins; homing receptors; addressins; regulatory proteins; integrins such as CDl11a,

CD11b, CDl1l1c, CD18, an ICAM, VLA-4 and VCAM, alpha-V subunit of a

heterodimeric human integrin receptor; a tumor associated antigen such as HER2, HER3

or HER4 receptor; and fragments of any of the above-listed polypeptides.

. [114] Preferred antigens for antibodies encompassed by the present invention include

CD proteins such as CD3, CD4, CD8, CD19, CD20, CD34, and CD46; members of the

ErbB receptor family such as the EGF receptor, HER2, HER3 or HER4 receptor; cell

adhesion molecules such as LFA-1, Macl, p150.95, VLA-4, ICAM-1, VCAM,

alpha4/beta7 integrin, and alpha v/beta3 integrin including either alpha or beta subunits

thereof (e.g. anti-CD11a, anti-CD18 or anti-CD11b antibodies); growth factors such as

VEGF; tissue factor (TF); TGF-p.; alpha interferon (alpha-IFN); an interleukin, such as

IL-8; IgE; blood group antigens Apo2, death receptor; flk2/flt3 receptor; obesity (OB)

receptor; mpl receptor; CTLA-4; protein C etc. The most preferred targets herein are

IGF-IR, CanAg, EGF-R, EphA2, MUC1, MUCI16, VEGF, TF, CD19, CD20, CD22,
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[ 112] Additional cell-binding agents include other cell binding proteins
and pol ypeptides exenplified by, but not [imted to: - Ankyrin repeat
pr ot ei ns WOARM/s366Zahnd et al., J. Biol. Chem, 281, 4@CTABEHA3IBIAT5,
(2006); Binz, H K, Amstutz, P. & Pluckthun, A (2005) Nature

Bi ot echnol ogy, 23, 1257-1268) or ankyrin-like repeats proteins or synthetic
pept i depdespi7benas fam4®xapl, €DINCD1SS, PAS) HadinenrCRIPT(a 200iA0238667;

U S. Patent No. 7,101, 675; W)Y 2007/147213; W) 2007/ 062466); -interferons

(e.q. rodﬁcecKQt;elevh%m%@ﬁi iﬂ_?_l%nHan?'{iﬁ/ycﬁ%u{ﬂahj%reakﬂ-caﬁ@er!ckﬂéhalblﬁa Bbeta3

hor mones such as insuli rotropin rel easi ng hornones), MSH
63t 1 oQ UG AP TOEiaS R Pl S LA ORGP S8 Gt ng. fact or s such as
E G;;SST?;]-S%,( ﬁgti);:)lo}lal%n%ggdy t&h%sigueasr;?lo%ogglg p(r(;Bdlillrcggr? cs)f splecr:ri]fﬁ%:I Ig(e)lll—ob(ign)fiir];;()day
agents in the form of monoclonal antibodies. Particularly well known in the art are
techniques for creating monoclonal antibodies produced by immunizing mice, rats,
hamsters or any other mammal with the antigen of interest such as the intact target cell,
antigens isolated from the target cell, whole virus, attenuated whole virus, and viral
proteins such as viral coat proteins. Sensitized human cells can also be used. Another
method of creating monoclonal antibodies is the use of phage libraries of sFv (single
chain variable region), specifically human sFv (see, e.g., Griffiths et al, U.S. patent no.
5,885,793; McCafferty et al, WO 92/01047; Liming et al, WO 99/06587.)
[116] Selection of the appropriate cell-binding agent is a matter of choice that depends
upon the particular cell population that is to be targeted, but in general monoclonal
antibodies and fragments thereof that preferentially bind to a target cell are preferred, if
an appropriate one is available.
[117] For example, the monoclonal antibody My9 is a murine IgG,, antibody that is
specific for the CD33 antigen found on Acute Myeloid Leukemia (AML) cells (Roy et al.
Blood 77:2404-2412 (1991)) and can be used to treat AML patients. Similarly, the
monoclonal antibody anti-B4 is a murine IgG, that binds to the CD19 antigen on B cells
(Nadler et al, J. Immunol. 131:244-250 (1983)) and can be used if the target cells are B

cells or diseased cells that express this antigen such as in non-Hodgkin’s lymphoma or

chronic lymphoblastic leukemia. Similarly, the antibody N901 is a murine monoclonal
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[ 113] Where the cell binding agent is an antibody it binds to an antigen
that is a polypeptide and nay be a transnenbrane nol ecule (e.g. receptor)
or a ligawmo2euctaisms a grow h factor. Exenpl ary anti gensPCmaliSeae/ osmiecul es
such as renin; a growth hornone, including human growt h hornone and bovi ne
growt h hornone; growth hornone rel easing factor; parathyroid hornone;

t hyr oi dgGtamibbay thagbinds wwolid56 fdupd pnetuellrst] helgmhaincamt defls ypdomeellsrmdul i n
A-chain; insulin B-chain; proinsulin; follicle stinulating hothione;

cal ci t QRidR turh&tk 8F Phib o BRI BMEn &mw&w%m@ @ik 881 D6s1BisCh as factor
vnc, factor |IX tissue factor (TF), and von WI I ebrands factor;

anti -cl génété)fgu%?ﬁ tibod ﬁlgfé gl?xdg) TOhE 'ng%g ﬁlﬁ%éeinah DAL LS &lat ﬁnﬁéﬁ)t or; lung

surfact( asmnog rvator, urokinase or human urine or
tissue-type plasmno activatar (t-PA).; bo i n; thronmbin; henopoietic
growt h H%@%/B?‘}’ af‘@lﬁ‘%ﬁ‘%ﬁ}%cﬁe%t%r aPHE‘P‘é’rthﬁﬁé%F 0 %,ﬁ's’f?ﬁ@pé%rhal i nase; RANTES
(regul ated on activation normally T-cell expressed and secreted); human
macr ophage i nflammatory protein (MP-1-al pha); a serum al bum n such as
human serum al bum n; Miel |l eri an-i nhi biting substance; relaxin A-chain;

rel axi rPURIFIGATION METEHODS nouse gonadotropi n-associ ated peptide; a

m crobial protein, such as beta-lactanmase; DNase; |IgE, a cytotoxic

T- 1 ynphoeyt eriaseafizakeick. ant iaavel Gddukt, of tHehraentGhldnibn id fiflddro activin;
vascul ar endot hellal growth factor (VEGF); receptors for hornones or growth

factors, pro Lrﬁ’ Thredctdd %’%Eﬁg%@%%ﬁ&ﬁgr ?{@i‘telamﬂfe et Jrgﬂpéagteﬁ pkg@r such as

bone-derived neur otrophi urotrophin-3, - -5, or -6
(NT-3, NT4, NT-5, or -6),. 0r ner v, rowth factpor_such .a GF- P. ;

bt of o o ve PEp e Tt Rh o3 B o SRS RE Y Seh as
aFGF and bFG-; epidermal growh factor (EGF); transform n%@%r ogth factor
(TGF) dilentions(TRE-alsp pewaarcroeslom diltratione pliafiigtiones diafiliratpag gek> - TG
133, TGF-134, or TG 135; insulin-like growh factor-1 and -11 (I1GFl and
| GF- | | )filtrdiésr(, Bd@ypti@rehronidgpgiaphy, GFlettjve pirecipitation] oricompingions thaweodr bi ndi ng
proteins; CD proteins such as CD3, CD4, CD8, CD 19, CD20 and CD4O0;

er yt hr opel fkbmiivesirematogtuphly westhais ivslsde ionrucengx thremawghephe, nor phogeneti c
protein (BMP); an interferon such as interferon-al pha, -beta, and -ganms;

col ony Iﬁldkdﬂ&la?éﬂt@ ghl%ﬁﬁﬁdé'fe?plhg,C}?:(?apho%icﬁnterd%i@&roﬁﬂ&éﬂ_phyQH@CE" CSF,;

interledkins (ILs), e.qg. 0 | L-10; superoxide disnutase; T-cell

P LN B GFER, 06| 8 AL v 1

antigen”su exa envel ope; "transport

proteing; hom ng, rece ts;, addressins; requl ato teips, Jntegrins such
as CD X %f,na‘@ﬁffgh%,lmé%i’%”@fl “ﬁ%ﬂé‘?&&h mg%ﬁfﬂh%hméﬁéxwg%dpha-v subuni t
of a heterodineric human integrin receptor; a tunpr associ at Zﬁgcgami gen such
as HERxhremgegmphyRiniteeepmaogaghy andagyrisdohate RIMEPLERY- dif¥ve- | i st ed

pol ypeptides. [114] Preferred antigens for anti bodi es enconpassed by the

pr esent exampde) theoronjugateusie- CCEL X ¢i)aidascribed in fosmad®, is epdfiedfiem CD 19, CD20,
CD34, and CD46; nenbers of the ErbB receptor famly such as the EGF

r ecept OfinredddC oHR3adéd/hRdlyk&Likiied IX-L e bt Xddhe€l. Bimiletlgaht es such as
LFA-1, Macl, p150.95, VLA-4, ICAM1, VCAM al pha4/beta7 integrin, and al pha

v/ beta3.| I fdsd ' £ uDErandlglia pRfifie! Such Wi dsf phigfiésion( €. g.
ant i CIZ)C:Ldiaged gﬁit'élsd_r E%gggor?&g%%?i%[%f?%ﬁaﬁt iléodi esc); gr om htpf aét oroé1 such as

VEGF; tissue factor ), G- : | . . Nan

i nterl eYKi ?ng%ﬂnea%f(s]zf_li .ty 6%%53%1;%%&050 %?‘8%% Igén){alﬁ{ gér;g( %?}% h!c;fle%g%lry(?ecept or;
flk2/flt3 receptor; obesity (OB) receptor; npl receptor; CTLA-4; protein C
etc. TheVW¥83tbferred tar gets herein are 1G—-IR, CanAg, EG--R, EphA2,
MUC1, MJC16, VEGF, TF, CD19, CD20, CD22, WD 2010/141566PCT/US2010/ 037046
CD33, CD37, CD38, CD40, CD44, CD56, CD 138, CA6, Her2/neu, CRIPTO (a
protein produced at elevated levels in a majority of human breast cancer
cells), alpha v/ibeta3 integrin, alpha v/betab integrin, TG~ p, CD11 a, CD
18, Apo2 and C24.
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[ 115] Monocl onal antibody techniques allow for the production of specific
cell -binding agents in the form of nonoclonal antibodies. Particularly well
known i n wbheosrii1mse techni ques for creating nonocl onal pamttishadioa®4er oduced
by imunizing mce, rats, hansters or any other mammal with the antigen of
interest such as the intact target cell, antigens isolated fromthe target

cel |, WAQhESYREPSHYHRGIVZENLINRER OR PROTEIN CROYS-DINKENGSINuUch as viral
coat proteins. Sensitized human cells can al so be used. Another method of

creati | antibodies is the use of phage |ibraries of sFv.
(singlgggﬁﬁﬂgﬁ%QESable region), specifically human sFy (see, e.g.,
Giffiths et al, U.S. patent no. 5,885,.793; MCafferty et al. 92/ 01047,
Li mi ng [&t9]al Tradipoerd copjugation m?ﬁ%ﬁ"@%ﬁ%f drhl@%ﬁieﬁ‘gloélpoé F@ﬁ&?‘&t‘g‘% a

cel |l -binding agent is a matter of choice that depends upon the particul ar
cel | pdpterehifusntionsaiinkes with tsactivgmepleiadde grieloasetgmide rasidumpnbier HrE)

anti bodies and fragnents thereof that preferentially bind to a target cell
are prefemiger diafvbadksapp teponpigete praducs may abhsadlo€hydrotyzid Faker.aluarpl e, the
nonocl onal antibody My9 is a nurine IgQ&a antibody that is specific for the

CD33 anfii gafd ihQuRsH G ool Rk Ithidef @B aati Kot lbefretdastidRRith efe al . Bl ood
77:2404-2412 (1991)) and can be used to treat AML patients. Simlarly, the

nonocl onal ., ant i L=B4 1S9 muri.r i, gt 0l : 19

ant 1 gerbiBtoBOb PR A ot oo BB ord o Y B B3 T ana can
be used if the target.cells are B.cells or. djseased cel.ls .that express this
ant i gerf%%?&ﬂo%g% fnﬁpe%ﬁl-e ' ar‘iet?nﬁl%ﬁ%w%q J‘h(?ﬁllaﬁ‘ﬁ? *élsﬁl‘é)ﬂ%ﬁ%% fastic

| eukema. Simlarly, the antibody N9O1 is a _nurine {r;réolnﬁglgon WO

2010/ 14YB6BRCT QSZOE0LDERIAB PIOYRR ORpentss d4- Paapl ¢hrhdat f@bg%oﬁe&hnd on
smal | cell lung carcinoma cells and on cells of other tunors of

neur oerklecrlione, 35, B¢s-A5%;RoWeadn ebdl,, BlodtgmistGan ey, 2#ne16-@821 13801145 (1996)),

huC242 anti body that binds to the CanAg antigen, Trastuzunab that binds to
HER2/ nejter@iath @Bd-HikHy mesepbdr wailtirbsutlyin tvidbdushiondsdiciblEGHvalet ept or .

PURI FI CATI ON METHODS
linkages between the heavy and light chains, or between two heavy chains, which would
be apparent in reducing SDS-PAGE analysis as bands of higher molecular Weights than
the expected heavy and light chain bands. Such interchain or intrachain cross-linking in
antibody would also be apparent by MS as peaks of aberrant masses different than the
expected masses of antibody plus linked reporter or effector groups. Unlike traditional
conjugation methods, the method described in this application results in conjugates with
high homogeneity with no substantial interchain cross-linking or hydrolyzed linker.

[120] All references cited herein and in the examples that follow are expressly

incorporated by reference in their entireties.
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[ 118] The conjugate, i.e., the finalized product, of the present invention
is purified to renove any unreacted or unconjugated effector or reporter
nol ecul e,wonouwemet ed | i nker or unconjugated, hydrol yzedTisaken370¥he
purification method can be a tangential flow filtration (TFF, also known as
cross flow filtration, ultrafiltration, or diafiltration), gel filtration,
adsor ptEHXAMPIIESat ogr aphy, sel ective precipitation, or conbinations

t hereof . The adsorptive chronmat ography net hods include ion-exchange

chromay Pﬂpamﬂx zfolmoqﬁgéyﬁg}%é,%i&mre MRELBEE-APENy, 4 H5ARRARIIGo 1RShact i on
chromatography (H C); hydrophobi c charge 1 nduction chromat ography (HCI CO),

m xed node .i.on _exchange chromat ography, imuvobilized netal affinity
chrorratplﬁeﬁ?lgdﬂyen 1PRIAC), dye ligand chromatography, affinity chronatography,
and reversed phase chronmat ography. For exanple, the conjugate

Ab- (X -L-Y' -Cn, described in formula 2 is purified fromunreacted C or
unreact ed/ hydrol yzed linker X-L-Y or X-L-Y' -C. Simlarly, the conjugates
descri Exaniple L.0Conjugation of antibedowitheyputoxit iagent M D Mekt usoads  of

purification are known to one of skill in the art and can be found, for
exanpl eetdrobitimdtivhhi BakdraVialdimideOPEGOASS b¢ this\WMethod (Figure 1) versus

2010/ 141566PCT/ US2010/ 037046 UNDESI RED HYDROLYZED LI NKER OR PROTEI N

CRGSS- L) MtidE1 oo SENHERDLES [ 119] Traditional conjugation net hods enpl oyi ng

the initral reaction of a protein with a heterobifunctional |inker with

et PP DA ORCabaRLe, £l 0 SHLLSIOLROMBMEMIREL .
Lo 2Ueol IPELLBLISN B LIS LnceriotaLed, L aer L0 AR hogy before

intrachain cross-linking of conjugate, due to reaction of naleimde (or
hal oacend tieddplegnigdeny Bhint IRHS héfupettangblinkies wice made py/8i MA- t yr osi ne, or
cysteine residues in protein or peptide (A Papini et al., Int. J. Pept.
Pr ot ei nlifRethylacd@aRie (BYABaRoB&M raflonsd 3Q-@ mM. The BinbetwmdiBVIk yhioll 985, 24,
6316-6322). Such interchain cross-linking in antibody would result in

var i ousyei@nnixcidugdthdren DOYAl oRtainihHRIET) 9D OIWERIDOtARL duediMte dated, ght chai ns,
or between two heavy chains, which would be apparent in reducing SDS-PAGE

anal ysi M%Dgg, 59ftof§r%aé1£ﬁqorgpkﬁfo%fﬁ}ﬁm5ghka&fh?ml bfkea Bxpect ed heavy and

i ght chain nds. Such interchain or intrachain cross-linking in antibody

woul d 8B ARG Y8 sARPASS 12 BUGL KA RAES ALKPEETL than the

expect &g es’ of “anti y plus 1in r groups. Unlike
traditignal, conjugation_ pethods, the nmeth described in this application
resul t ¢ h#p ﬁ‘i‘%‘n‘b&%’@tﬁ?\f@ﬁ TEACHP AbHYE e lg’t?ﬂef%{oh‘g%béﬁﬁbﬁ%e i nt erchai n
cross-linking or hydrolyzed Iinker. [120] Al references cited herein and
i n t he neseavrpd e6342h20 Hp[te detempiae hemressaes of anysepaintieatrengtedef er ence in
their entireties.

maleimide using the extinction coefficient (g) of maleimide at 302 nm = 620 Mt em,

and €320 nm ~ 450 M em™. (Additional reverse phase HPLC analysis of a frozen
aliquot of the reaction mixture was carried out later with absorbance monitoring at 302
nm and 252 nm to verify complete disappearance of linker maleimide and formation of
the desired linker-DMx reagent at the time of addition of the reaction mixture to
antibody). When no further maleimide was present by UV, an aliquot of the reaction

mixture was added without purification to a solution of antibody in phosphate buffer (pH
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EXAMPLES [121] The follow ng exanples, which are illustrative only, are
not intended to limt the present invention. Exanple 1. Conjugation of

ant i body wothioepisssoxi ¢ agent DML/ DMA usi ng het er obi f unecirarsad1olosToker

Mal ei m de- PEGh-NHS by this nmethod (Figure 1) versus traditional two-step
met hod. [122] Stock solutions of DML

[N2' - dé&g enoj/dr-ﬂldal ednPrgator eqidatichs X épmgdm;l' Ab; Hedptphnspbat] bufisr/ 1 P

[N2' - deacet yl - -(4- nercapt 0-4-met hyl -1 -oxopentyl ) mayt ansi ne] (DMW) t hi ol

and t heMal g '7‘5155115’ nbéefcﬂﬂﬁk&ia@ ARdwed fokesccsl hEaBig tepérature
N, Ndi et hyi acet am de ) at concentrations of 30-60 nM The |inker and

DVK 1 hig DM%@%&%@ur@g% AR ELR RG] %l&&ﬂéﬁ?@ﬂe{n\d 18fice00 MM

succinae 0 give a nolar ratio of DW to |inker

of 1.6:1 and a.fin trat on of ter mxing, the
react i B%CWPE&LG%%@? $€g?ﬁtr¥5)rncf umn EQ%WEeﬁqrhpgr# P?Oﬁﬁg% Bﬁfff "h& reaction

m xture was diluted 10 fold and its absorbance neasured at 302-320 nmto
det er mipieg tangepiab derddtraiondy Iy chis Goniigation ’é‘&@%‘réd"ar?&}”é]i‘%kaét 48i’hg t he
extinction coefficient (s) of maleimde at 302 nm= 620 M1 cm1, and s320
nm 450 fon21daymid pH (74dulifter em allow theatissociphars of adpItMarsatgied ajtaghieddof r ozen

aliquot of the reaction mxture was carried out later with absorbance

noNi t Okhtitehddtnod RdvalBaBNst 35 FabllglihRagéeThd dorgupapd wistheh sappedoaaighof | i nker
mal ei m de and formation of the desired |inker-DWk reagent at the tinme of

addi ti on, ﬁ{a %@ﬁw%g}%uﬁpwwﬁep b aﬁn kiR hoh y\b% flib fopﬁ'halmal ei mi de

was preéese uot o e reaction"mxtu vvas added wi t hout

purification_to anti bo sphat 7.5) under
Fial | CBREGgAE GBSl DY e TP Hgh oK B egUE S S e BebI 81 0% Dk

pH 7.5. The conéugatl on reaction was allowed to g%oceed at anbi ent

t enper awsmeapwed by Hetepmindigiebseshnrgal ehameaiysatei ot Led2nd HHH MRANAXEBE s

smal | -nmol ecul e DMK and |inker reactants using a &5 gel filtration col umm
equi | i knawe dxtinctiphl cFefficiphssphRMx dndfdfebodyoat thest go tangenmgthal | ow
filtration (TFF). The conjugation m xture was further kept at 4 C for 2
days i BeberblUufiffRert ecarlib®vorddiodivisoadedifbome iitisinyadivk of PAEt es att ached
to antibody non-covalently or via labile |inkage. The conjugate was then

di al yzﬁquog&ggieq{&erwﬁmcﬁ&m%mfn@&e s GRSl b DS, bsgd,asmanshorhen filtered

t hr ough j1m er tor tinal storage. e nunber of DMk nol ecul e per
Ab nol ecul e e e J NERS erm ni ng
absor bARLE" Séeqfﬁg\?go%ﬁm&éea ut}‘?ertp'kgéé yg@%‘t‘%mha usi Ejﬁ%/wmﬁgggtl nction
coefficients for apti t thes Vv t hs [ 123] Several
di f f er &Y specipgte B\%}%dﬁggior gﬂg&ﬁ?ﬁ&y& qué%ﬁ%ﬂﬁm ﬁég PRt f on of DWK
thiol with the heterobifunctional naleim de-PEGA-NHS reagent: 50% DVAV 50%
aqueousqegalentylof ae efganicdaprfforexapleNoN -dispmppripaylamipg; DBEA0vsDMVY 40% 200
mM succi nate buffer pH 5.0, 2 mM EDTA (v/v); or 100% DVA with 1.5 nol ar
equi vamnsthamofplelineyganiot Dd4 ¢hi¢lf or exanpl e N, N -dii sopropyl ethyl am ne,
DI PEA, or 4- nethyl norpholine) per nol DWA thiol.

[124] In one series of experiments, the molar equivalent of DMx to maleimide-PEGy-

NHS linker (purchased from Pierce Endogen) was varied from 1.2 - 2.4, and the reaction

time was 30 min. The number of DMx/Ab measured on purified conjugates were

measured as a function of added equivalents of DMx per linker. Conditions of 1.2 - 2.0

equivalents of DM1/Linker gave conjugates with similar DMx/Ab loads, indicating that

the undesired reaction of the DMx thiol at the NHS ester side of the linker is not a
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[124] In one series of experinments, the nolar equivalent of DW to

mal ei m de- PEG4- NHS | i nker (purchased from Pi erce Endogen) was varied from
1.2 - 2. 4voant/ubwer eacti on time was 30 nm The nunber @®CTDSRG1MD3ITRAGSUr ed
on purified conjugates were nmeasured as a function of added equival ents of
DMk per linker. Conditions of 1.2 - 2.0 equival ents of DML/ Linker gave
conj ugaiggificant froslieni The arivict Al cosatisking pdisewtin thy fidaheorhgatasnvadrsisoed
reaction of the DW thiol at the NHS ester side of the linker is not a W
2010/ 1%&2@8@5/ el ¢ 08 POGSE Shfh§ tizate ppéseRdeaNcrobbeinREdettardihants

cross-linking present in the final conjugates was al so anal yzed by reduci ng

SDS PA%'eEcr%%%é\'isi\%gitf%Qllﬁ} &Rﬁi&;%§%%m?&i&gér%ﬁél i nked contam nants decreases

signi fican creasin ratio. [125] One optional
guenchi ng .step using mal ei m de or hal oacet am de reagents uch ,as

mal ei mil4®Put i%tla%fﬁdl}‘e e W%‘B?ISBP@%PQ%@Q%CS?M%& N ﬁ@@ﬁ% T nide, or
i odoacet ami de, or iodoacetic acid) was introduced after the conpletion of

t he i nimdleimidtiaiscciiepemelsimidgeptopinmig adid. ok S-ethuaisipiles ofef ore the additi on
of the reaction mxture to the antibody) to quench the excess DMV thiol
group iisdoacetemidepomivéyeatic aniy) wasiamddded efietthoconpleBivkofithe olitialilxt he

anti body. [126] An alternate nethod of the reaction of antibody with the
unpur i fah 8 efeRivh fudtidn8PIEiKeP Feabiiodt e forothelitidA @f fiRtresctioh miretd oAt | i nker
involved mxing the initial reaction m xture of DWVk and heterobifunctional

|1 nker agxﬂgcf(ﬂgg\cg%gﬂ '{k%e%xg&%é T« @Mﬁ% érg{lﬁg{ ori&a6 %}é'\’/@})lt My twapfelibody at | ow pH

(pH -5) itron o er or base to'increase the pHto
6.5-8.5 for t opj. ygati on reaction. [127] An anti body- PE4- Mal - DML or
D4 coﬁf%&&?@ymxwé(ggmh&/t%?ﬁ’é&foggdi tional two step conjugation method for
conparison with the conjugation nethod descrihed in this.invention. The
hunmani 2é20lartt plésamatemethod of ssreaciion aBth(@yﬁ‘ﬁa’rﬁg‘e Pﬂp‘ﬁme%.lglt’ﬁﬁﬁéﬁ}?& e buffer
(50 nM pot assi um phosphate, 50 nmM sodi um chloride, 2 nmM EDTA, pH 7.5) and
5% DIVA mixsureroiDMeeahdvietdrotd Rmet enath dinkerd by dlustomixdngathe irifidirpacien PEGA- NHS

| i nker reagent (purchased from Pierce Endogen). After 2 h at 25 C, the

modi f i edixart bbDWK sRishegebbifunictibhat tinket (M aimmemtnogitapPivix-bnkeenove excess
unreacted, unincorporated |linker. The recovery of purified Ab was

det er mpegdioRywil 13RS RaRRE pAL(pASES) RiowEdyheaRlitic of bufifee or et & m de

groups in the nodified Ab was determ ned using a small aliquot of
increase the pH to 6.5-8.5 for the conjugation reaction.

[127] An antibody-PEGs-Mal-DM1 or DM4 conjugate was made by the traditional two
step conjugation method for comparison with the conjugation method described in this
invention. The humanized antibody at a concentration of 8 mg/ml in pH 7.5 phosphate
buffer (50 mM potassium phosphate, 50 mM sodium chloride, 2 mM EDTA, pH 7.5) and
5% DMA was modified with excess heterobifunctional maleimide-PEG4-NHS linker
reagent (purchased from Pierce Endogen). After 2 h at 25 °C, the modified antibody was
gel purified by G25 chromatography to remove excess unreacted, unincorporated linker.
The recovery of purified Ab was determined by UV absorbance at 280 nm. The number

of linked maleimide groups in the modified Ab was determined using a small aliquot of
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nodi fied anti body by addition of a known anount of thiol (such as

2- mer capt oet hanol ), added in excess over the nmaleimde, to react with the
mal ei m dewoesid4exoi n t he nodi fied anti body and t hen as®ayiusgowioa7onenai ni ng
thiol by Ellman's assay using DINB reagent (extinction coefficient of TNB
thiolate at 412 nm= 14150 W cm1; R ddles, P. W et al., Methods

Enzy nomadifl@iBaitib8dy bylé&ddition &iaiglownRmouli ofthiy] (geh es Chearcaptdedsupl)5,

348-351). The conjugation of nodified Ab with DML or DWA thiol was carried

out at ,aiedAR & ORE BRNIRL MaRiRde 20 Redtivith thdimalelrBide kdstiticfindhe idJERASI sting of
95% phosphate buffer pH 7.5 (50 mM pot assi um phosphate, 50 nmM sodi um

TR L e R e R AT R A S F A o ey
T § e S of TNl AbBS thiouhbt ot RCRb? S o o5

columm equilibrated in phosphate buffer pH 7.5 (50 nmM pot assi um phosphat e,

50 m Sbahedn oy oL.dL8329 hIPEBT AinghHR 7 BijeoniFaie et WiAcorptgal b was hel

at 4 C for 2 days in phosphate buffer pH 7.5 (50 nM pot assi um phosphate, 50
mM s odiThencohiugaticthenf nzodifiddERE AyithdhM1 .o D NI thabl weas daoiedtdue adinsAloci ati on of any
DML or DV4 species attached to anti body non-covalently or via a labile

| i nkageondtRfaGQNbIORLR/ MBS SYRGRAWEREY célisatiNg 6619§%HhadsphaDulfer pH
hi stidine/glycine buffer pH 5.5 (130 nM gl yci ne/ 10 nM hi stidine, pH 5.5)

and st %rg 65% &M&o@%ﬁﬁo@&hﬁe,%O%&l}d%oh{u& éﬂl!)xtl@er 2 JM%IS‘FKP&II '7;52 a@m or DW

nol ecul €s* per e 1 n the final conjugate was neasu

det er m_pj bsor bance_.of, t he conj te 25 280 nm.usi n nown

ext i nctr bR e 'e&‘F%Sﬁtoé?f76P&ﬁ\fﬁ°x“§\9zg§%%“i%“aT ﬁlﬁ@&o‘? Y Peerﬂng(%ﬁhs. [ 128]
Reduci ng SDS PAGE was carried out on conj ugnate a% ﬁnti hody sanpl es using

t he NuPhbekel maleipigp on gy Absdfieriendiingpvarmeht #5238 By ShaFOULEST Wes nvi t r ogen) .
Heat denatured and reduced sanples were | oaded at 10 1..ig/lane. The

r educi ngpriBDBt@adEsing a 0IRE wo filteyartdegs] puied Eomgsterg unisectpePhdldordescri bed in-
this invention showed only the expected heavy and |ight chain bands (50 kDa
and 25 K24 blyesSpELdlnah ¥ uidibratdden phpsphatedndfer HIFI7gUSO n2YL. potassioont r ast , t he
conj ugates prepared by the traditional two-step conjugation nethod showed
undesi radsgHaRS 6 hiNtksduRandzids 3 lNHIECAl M 7981 iRk pulfied Sonjdddf wds?25, and
150 kDa, presumably corresponding to inter-chain cross-|inked species HL,
H2, H2 r [ ' ) ' behi

el ect r QB A ot 2gFRERTHp ke IHAUH.hs0 mik8leasTul b it SO s

ant i body-.PEG4- Ma| - ' repare .he et hod d ib iLn this

i nvent i%ﬁug’n(%\}\%rb‘iet mm% ﬁég%ﬁg’r%gqr?%%%lssé’ﬁgﬁﬂn8 Wgﬁwlt%%%g?cent ages
of 58 and 30% (of total (Protei n), which are simlar to those for

unconj §pefiesRiErkgdde aptibgdyamn-penalsntdy prdpadabilgdinkager; Hgconmeate ascont r ast |
the conjugate prepared using the traditional two-step conjugation nethod
showed shieseqyeratydlialyzdt fob2 delgs inthistiding/glcimmbuiyptes p L3I0 mdl glyciaedOnaj or

bands of hi gher nol ecul ar wei ghts ranging from 94-169 kDa presumably due to

i nt er - Ghil Hist¢dies $H 3. fkdndGterBBagRerednsinha OcRPanhifilat.i Viee fimbeiofi DMbGHI p
anal ysis, the conjugate prepared by the nmethod described in this

appl i CahN@ndiSculdsHRl WbSHPEEUOh e ﬁhmaaonﬁflégw%qné@ma bl etesamygNt | onal
two-step process (Figure 3). [130] The anal ysi s of "the conjugates
prepared by the t hod SCHi i i S: | .0 S. i SLIet e
i ancPEaHReRat TuanieBatesr 10 Al id iyl BUEPh ARBRIBGTUSRIEL S o
mayt ansi noi d nol ecul es per anti hody nolecule (Figure 4). In contrast, the
M5 of tWIW@ﬁgt’\i’ %B@%Fﬁ%?iw%gﬁ%ﬁ%%e traditional 2-step method was nearly
unresol ved suggesting i nhonogeneity of the conjugate preparation presumably
due t o [¢28]s Rdduping SISO AGHavas oarieddbuiran epuiigiie phieibod Baaner| cousing :
therefore, the conjugate

the NuPage electrophoresis system with a 4 -12% Bis Tris Gel (Invitrogen). Heat
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prepared using the nethod described in this invention is superior to that
synt hesi zed by the traditional tw-step nmethod. [131] The binding of an
ant i - CanAyOAbtoPEGSH6 Mal - DML conj ugat e prepared by the nerhodsdasosiobed i n
this invention was neasured by flow cytometry using the antigen-expressing
COLO0205 cells, and was found to be simlar to that of unconjugated anti body
5Uggestdeﬁﬂuieﬁ%hdfrét&c&pmttﬂ@stw&e 16xdd BO1 Feg/lansETHelededini@S DS Ehef bi ndi ng of
the anti body (Figure 5). The cytotoxic activity of the anti-CanAg

AD- PEG ol O SRUIHIAL S SERRIEA SR BHDAGHRRCRORES oD T S

i nventl on I’O usi n on cancer cC S expr essi ng

t he CanA e ur ti r essi r cells were

pl at ed % e%‘?ci)]li‘ﬁgi’ﬂ é‘gbgfgé?‘fi %Jﬁ (%02(?)51 ag'gr}vﬁﬁ arﬁf@fﬁ‘%l% 3ﬁ At ure medi a
containing fetal bovine serum and exposed to varying concentrations of

Ab- DIVK ha@gi rgure 2). Antcentrast Shel agnjesqiessuipraredby e tediicngldve;siehe vi abl e cel |'s
remai ning in each well were neasured using the W5T-8 assay (Dojindo

Mol ecul @hjulatdmokihgd elsywedAmdstimdreross-1ikgd bends, witthmokntlar Gaighig of 75,

Ab- PEA- Mal - DML conj ugat e prepared using this nethod was highly potent at

| ow congeniFALheNS) koW ehuGABATRREHGR E&&Dﬁt@ﬁ@ﬁdﬂ@cx@@i—ﬁ@&'ﬁ spedi@yHpancer
cells. The cyt otoxicity of the anti-Can Ab- PEG4- Mal - DML conj ugat e

pr epar th| s invention was specific to COL0205
cells Zlg ?% %lfg&ﬁh&gfock% Pt?éﬂt € addition of excess, unconjugated
anti bo i on. of nt|b
nal ei m d[§89 Eﬁ;}g% N*é’q}ilfhgﬂg ‘git}"ofeﬁissan C%\éfe Plélgf?n‘é}%tflﬁkﬁ adi ti onal
sequential two-step nethod. [132] St ock sol utions ?Wﬁ thiol and the

1

rnal ei rﬁr@éoceuPE@M%DMﬁ@pal@gate @&narfrﬁldqy the Reoddesa inyeption

N, N- di met hyl acet am de (DMA) at concentrations of 30-60 nmM " The |inker and
DKt hi showne the expzae! haayeahe HghirehBiwbandnwith peregntagestad S4Gnde30%a(06f 200 mv
succinate buffer, 2 mM EDTA, pH 5.0 to give a ratio of DW to linker of 1.6

and a ftiofaabrcﬁ@ﬂp%ﬁdhairé sifili tdMyssefpy ahcdnfughtedrabtibédyt @65mndi30g, t he reaction
was |eft for 1-4 h and then an aliquot of the reaction m xture was dil uted

10 fol debfRas urigulns. absafhanaR Bhjuddé fp%%ﬁréamst th@&a@ESh GwbRep

conpl etion of reaction and the absence of maleim e (Addi ti onal reverse

ohese BRI KRR Shodt! EF RS A Sm paes carec
flomz L?tr%ﬂjglr E@E}S Zﬁgla Cre m8 emlﬂlarn \lfvg{ghp‘arlal(laéquﬂé %omaé}lqlgé)klgaﬁrle(s)&]mgly Ehrllee todeSI red

inter-chain cross-linking. Based on the quantitative Protein LabChip analysis, the

conjugate prepared by the method described in this application is highly superior to that

prepared using the conventional two-step process (Figure 3).

[130] The MS analysis of the conjugates prepared by the method described in this

invention showed discrete DMx-antibody conjugate peaks for antibody bearing

increasing numbers of maytansinoid molecules per antibody molecule (Figure 4). In

contrast, the MS of the conjugate obtained using the traditional 2-step method was nearly

unresolved suggesting inhomogeneity of the conjugate preparation presumably due to

cross-linking or inactivated maleimide linker. Based on MS, therefore, the conjugate
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the time of addition of the reaction mxture to antibody). Wen no further
mal ei m de was present by UV, an aliquot of the reaction m xture was added
to a m xtwopeonf4assbi body i n phosphate buffer (pH 7.5) umderustémaBrose
conjugation conditions of 4 ng/m Ab, 90% phosphate buffer/10% DVA, pH 7.5.
The conjugation reaction was allowed to proceed at anbient tenperature for
2 h. TheephbedDidingthe edadelepatbepun itfis mdertionns exeesstouthatesgothesizddNly and

unconj ugated |inker products using a &5 gel filtration columm equilibrated

in pH Zhdrphasphaleskphieor by tangential flow filtration. The conjugate
was kept at 4 Cfor 2 days in pH 7.5 buffer to allow the dissociation of

any e . At o) | hac O € - | i.l e |inkage.
The co j1§ at?%h%v%ﬁrz&l{lggﬂﬁl |ntéll 9%2&(# g\i}cebrﬁn@%aleﬁﬁ?ﬂogw% tegﬁrﬁﬁﬁsrf&ll (ijﬁfgl gl yci ne
buffer an hen filtered through a 0.22 [an filter for.final storage. The
nunber ‘B‘ftﬁl esﬁﬂ{’@ﬂlﬂé‘é “B’@Ptl%g’%ﬂeﬁ%‘a‘iﬂ M%% GYemeRy éring dhe iiiStHe i nal
conj ugate was neasured by determ ning absorbance of the conjugate at 252
and 28Gxpressing CO3iQRYSiealdsmand xias fieuniddn be sietitar & tiat of m@pmmée%ﬁglbaﬁy i body at

t hese two wavel engths. [133] For conparison, the Ab-Sul fo- Ml - DK

conj ugaigsesting ehapthepanjagdaticsi g riohietimerdaltdffenadn Be dirsingditheigattiodp net hod.
The anti body (Ab) at a concentration of 8 ng/m in pH 7.5 phosphate

buf f er /(E9euRME. biHef §totias adingiyfdrest mitt OareXe 85 PHG fMALDMN&njugate

mal ei m de- Sul fo-NHS |inker. The reaction was allowed to proceed at 20 C for

2 0 anG b § ﬁle%Jic%gcﬁ%d%%hipvajeﬁﬂ-idg?wé‘é’\@l}{%s?l%g%%ﬁfdeﬁn nreacted |inker

usi ng mat ogr ap e recovery pur i Ab was determ ned by W
absorb 280 urn. The nunmber of |inked.maleimd oups. in the

Toat 1 aoRe s Eolga Bt & eﬁg‘ieﬁ%“%&’g%ﬂggmlé%@ﬁ%‘?e Rhl e BHEHt i body by
addition of a known anount of thiol (such as 2- nercaptoethanol), added in
excess FPEssippeanear ellgivgse platedag aroundl V90 ¢etls/ vkl igiamogel %léfedﬁé‘éﬁi n the

nmodi fi ed antibody and then assaying the remaining thiol by Ellmn's assay
usi ng DBTiNBrerpedje nontgisiogifetel bavine sesfihiand enposed toTwByinBiconcgnatzans#f2 nm =
14150cm 1; Riddles, P. W et al., Methods Enzynol., 1983, 91, 49-60; Singh,
R ,. Bi ogemMgabdbgugheMiter h¥0dhy dxposia8iodthd ronjuddie thoviablgatilorenainingoi fi ed Ab
with DWK was carried out at an anti body concentration of 2.5 ng/m in 95%

PH 7.5 Hpsrhatge Hiéﬁsfu]?éc{ Ml ngT}G)qssé’y (D¥jihdd MO callar T@UhneAbHE) S Aef  DIVK
(0]

t hi ol added per nol inked maleimde in the Ab. The reaction was |eft

for 8- ] 1 jl{g?}g Nas. ..unreact ed
DK vi éﬁ&gﬁf%xy&?ﬁ%ﬁtﬁﬁa@%éﬁa og‘r" %?M g? ?‘@ng‘aﬁ’fe? ??ggiﬁ?%%%}%lﬁe conj ugat e
was kept at 4 Cf 2 da in pH 7.5 buffer.to allow the dissociation of
any owehed S bl o BB dinfions by bRefe b SeEREE | &1 Phkage.
The con(jéugat e was then dial i(zed overnight into pH 5,5 histidine/glycine
buf f er GQAHORAS Rolpn cansererlishi bt igroaxiity of thepntiCanAg Ab-PEGH-MplMIst o1 age.
The nunber of DMk nol ecul e per Ab nolecule i.n the final conjugate was
measur esnpgatdgirepancchbynipe airglorddascrbeafin thie invenjieryaeespgeiliz 30 2880 nm and
usi ng known extinction coefficients for DWWk and anti body at these two
wavel englibss it colldi 3ol deediby g SdAffionABExvEs, ubastjugdedatitibody.ng conj ugate and
anti body sanples (10 1.1.g/lane) using the NuPage el ectrophoresis system
(I'nvitrogen) with a NuPage 4 -12%Bis Tris Mni CGel and NuPAGE MOPS SDS
runni ng buffer (Figure 8). Bands on the gel with nol ecul ar wei ghts of 75,

125, and 15 wer e i ndicativ ol ' - |.] < ies (HL,
Tio anierps 2 gl o ol Big) POEHOSRP e G RAGHAP SRy T8, U0t os
with -4 DML/ Ab (I an ,.by this nmethod,. and | ane 2, by traditional 2-step
conj ugainksy l}i‘éﬂ‘ﬁdﬁ?&f’éég’&‘f ¢ @bYW“%{W&gUB’n ﬂgﬁnf(lfﬁgﬂg-%ﬁp pethat s et hod,

and lane 4, by traditional 2-step conjugation nmethod, respectively) clearly
shows t[H32] c¥epluspdutéensod Py thiok and themalsimigde sSerfodld SibgteretiiBmetignsht i on
(lanes 3 and 5) have nmuch smaller proportion of high nolecular weight

cr oss- | linkee depaadesp ingV-diarihylaeamidadEVby at tencenteedions oN20-62xdMep net hod
(lanes 2 and 4). [135] Protein LabChip el ectrophoresis analysis (under
reduci ng condition) of the antibody-Sul fo-Ml-DMVML conjugate prepared by the
met hod described in this invention showed the heavy and |ight chain nmgjor
bands with percentages of 70 and 28%(of total protein), which are simlar
to those for unconjugated anti body of? 70 and 30% respectively (Figure 9).
In contrast, the conjugate prepared using the traditional two-step nmethod
showed heavy and |ight bands of only 53 and 23% respectively, and major
bands of hi gher nol ecul ar wei ghts ranging from 99-152 kDa presunmably due to
inter-chain cross-linking. Based on the quantitative Protein LabChip

anal ysis, the conjugate prepared by the nmethod described in this
application is nmuch superior in ternms of |lack of inter-chain cross-Iinking

o M T . - . o



[136] The Ab-Sul fo-mal -DML conjugates with simlar drug | oads made via the
nmet hod described in this invention and by the traditional two step nethod
wer e conpaioedidnpibze excl usi on LG M5 anal ysi s (Fi gure POY/UST®/08™A¢ ugat es
made via the nmethod described in this invention show the desired M

spectrum contai ning only the expected distribution of S Wt ss equal
to Ab- (TlheHWé?LmQI%XItWO Ferenised Blrge@smnda%{%gorﬁ@é%gagﬂ%g fk/h@wof §8¢T i onal
two-step nethod, the najor peaks in the spectra all contain one or nore
hydr ol yxMdsuceinaie bafer, 2 mdddED T Akel S0 tagiveret wtip of DK toi lovket of thendlesi r ed
Ab- (i nker-DWK)" noieties. The putative nmechani smof the inter-chain

cr 0ss- lfinakédigemtatiag WE DSx Eqactd MaMNAGEr fitdigd, thedeadtiontvis 1éft &dilt4 bnal
2-step reaction sequence is shown in Figure 17, whereby the incorporated

mel ei m dg tﬁéaran%heaco%meglﬁ?oln&ﬁ&my Sab B 16 £10 iﬁs RhsubS@e %Q;Fba@lfce anti body

wi th the heterobifunctiona i nker can react wth intranol ecular (or

i nt er ml istidine,.lysine. tyrasine, or, cysteine resjidues resulting
ot o SR gL g g R g TSR PR B RE,  de (or
hal oacet am de) residue can_get jnactivated (such_as by hydrol ytic nal ei m de
ring cl(égé@@éaléﬁvw Rgsebit Al O {15 7H o afet;e KU BRENG M@ Shecone
unavail able for the rapid reaction with thiol-bearing effector or reporter
group. caties auhkatdrevilbspdbayesi mow fasiag|ay 3¢homsintd R42 nimHe vesHhesanpetscr i bed i n
this invention has the advantage of produci ng honbgeneous conjugate with
litt] e ddappeardmediod liyke dndeintdoast-formtat dfithkddsirtd gl x atdeanteed t 0

anti body. [137] The binding of an anti-CanAg Ab-Sul f o- Mal - DML conj ugat e

Wi th 5.tR fRYXRASIINGH 6f the acheREK mBRlifell AitiBBIyS CWiRN 08 YgiRg BaldifaRayad by the
met hod described in this invention was neasured by flow cytonetry using the

Eﬂiéﬂfﬁé%ﬁﬁﬁ??%%%@ﬁ JoLEF s Ron IR UL ?“?ﬁ“%!‘)ﬁ‘a%%%‘)d&?? ect the
i ndi [ i. 11),. ., T [
acti v poupTn o oo oS o belPS En i T Al 0Bl b, "t

met hod described in this invention was nmeasured in vitro using COL0205

col on Phperbetecaiies/18%dP M iphhy7 f hdhesenipeationireasHon piag alewedtp pragegd

anti gen-expressing cancer cells were plated at around 1000 cells/well in a
96 wel lat pivhtest tempesitire dod 2 ur EherddiRMaeanjigatie vgis fpetified fFomi exeesser um and
exposed to varying concentrations of Ab-DMW conjugate. After a 5 day

expos unmrdaoted MR @nfl ugadinfugatdddinkepproduaeliding & G2aigel filgravien eolomasur ed usi ng
the WBT-8 assay (Dojindo Ml ecul ar Technol ogies). As shown in Figure 12,
the antd,Gampded\dr ppitl 5B atd e B} BP BnBelaE RawaHirkfd Thé Bogugmd hod was

hi ghly potent at 'l ow concentrations toward CanAg anti gen-expressi ng COL0205
col on I vyt ihCl (0] } J: t ifiCc as it
coul d BERBLAc CElr 2 e EHiaRt B i ciohitn® o RRLMIR R PN RIS 136,
An alternatiyve t hod of canjugati.o si.ng the net hod described in this

[ nvent iAUACHA B RORRPSY TgREF Y St i bR aRsssr CPATQRVEHE WAt BERet am de
reagents (such as 4- mal ei m dobutyric acid, or 3-nalei m dopropionic acid,

or N etdiglyzasi avernight intopH dd distiding(alrane bitier gaed theadiliereddbioyph a%r t he
conpletion of the initial DW and heterobifunctional |inker reaction

( bef or qunh tfigteafdd ifinnigiorage. t Tiee mawlsd o6 DMk #iolucalet pert Ale amtitiodp mahigculed® quench t he
excess DWk thiol group in order to prevent any unwanted reaction of DM

t hi ol vd te ; ufddGyeaeRdTRli | @enpl etion of the
initi a}%%él%&éég%ﬁﬁeqrg?%?éﬁh&cﬁ?%ﬁg%uﬁdﬁoker r egg?‘% %%0%%3{%?% the addition of

the reaction m re th ni.i b -l el m ' ¢l d was added to
quench @@gé&%ééﬁ%ﬁ&%ﬁngpéa Elg%)’%?)g%nr%? %C%?fgl\gl)lgﬁt%)@]n])ﬁ/l\/%navn\gnt ed reaction
of DMK thj ol vviéeh t he anti body during the conjugation reaction. To a

reacti cﬁﬁtli%‘?%t%}rt SsAWORERVEIRERRY| f 0- Mal - NHS het er obi f uncti onal reagent that
cont ai ned an excess of DW (3 mM, upon conpletion of
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WO 2010/ 141566PCT/ US2010/ 037046 the desired DWA thiol coupling to the

mal ei m de group of the heterobifunctional reagent, a two-fold nolar excess
of 4-nal evoi2dobididesi c acid (6 mMV) was added to the reacPCOMUSRINOBTIR at

anbi ent tenperature for 20 mnutes to quench the renmaining DM fromthe
initial coupling reaction. Wthout purification of the reaction m xture, an
al i quof133ds Fir sedpasisoh, the éb+SnlfodWabBszmqnﬁi¢gayesiwr@mwﬁév@nmﬁ er (pH 7.5)
under final conjugation conditions of 4 ng/m Ab, 90% aqueous phosphate

buf f er ALONIONA, 2-stkp dorBugatibe nediitjdu GRiieiaaribsdBa@Lh) ana vagemtdtioned 8tnog/mi oceed at
anbi ent tenperature for 2 h. The anti body-DW4 conjugate was purified from

the exg 4TBhdsi oMM ANl REEmotBRAMAM ScbditiBin&idadb gel
filt ra%?gﬁ é%%ér’?ﬁme%ggf;ﬁx%r at edlsﬁirb(r#il pH 7. 50phosphat ecbuf fle?. 1The conj ugati on

m xture s.fugrthe t, at~4 C f.or 2 { A §fer ,to allow the
di ssoci%%\‘%%éed$ulg%§}§h@m§5;Té}eégacg? ?5@%%@5 %d %r# ?‘b%%%?%régo&?a aen%t ly or via
| abi | e |inkage. The conjugate was then dialyzed overnight into pH 5.5

hi st i dithreytge Jedifiedhl was PUHIPdraWay dFosy eXess g RACeInKST BRE Pt er for fi nal
storage. The average nunber of DWA nol ecul es per Ab nolecule in the final
conj ugahemeegrapys hetcbyerd of pumfied A vab detetaimed bpi\ thsodgnjanfade at 252
and 280 nm and usi ng known extinction coefficients for DV and anti body at
t hese two Thevehdegdiimked heldmijeugairs i dnphedifiee Ad veasaleyerathedyisingr- r educi ng
SDS PACE using the NuPage el ectrophoresis systemwith a 4-12%Bis Tris Cel

(1'nvi t RAANIqudiE nhRRicdRRBLAY BHaRRIR 6% MR dRAfeef Rlol 1Qthiaghl ane. The
non-reduci ng SDS- PAGE of the ‘conjugate prepared using the nethod descri bed

A U T et R eghagglgon. e e
SR e e i

excess DMW thiol) had significantly | ower anobunts of these undesjrable
bands (amnglEIAEBgeassn(suiingsion coeffigichibefi THB thinltatad dy 2 sE1pl )0 Mnsiher

advant age of the quenching of the initial DWk and heterobifunctional

react i diddtex tPuivé. of befMehodobpaygeili 6983001 MI-6 Samghi, BodBipcdnyugakei ol - quenchi ng
reagents such as 4- nal ei mdobutyric acid is that during the antibody

conj ugattean, r9®act. ixas8-3her €he somjagationes mddified AblvitrDIBMyasspezdest and
therefore the final conjugate after purification does not contain "free" or

uncon; ygal e ANonSBREHSS of 78 DM 129 i 15 Rod RIS SAAYUA fyeviact d (or

ot her pol ar thiol-quencing reagents) i$ nore water sol uble than and

ant EE%%Z%%% j@'é‘évt%le@%f‘aﬂ%?iﬁgf? %ﬁfﬁ%ﬁ?’i %ﬂﬁ%@éﬁ#@?@@é’y’m&&e{‘%ﬁd k
tansjnoid (DML | NHS: SMCC | | Fi 13). [139] st
ol ut1 e ARSI B H Er P b T s BREEHGPR P unct 1 onal

| i nker with sul fo-NHS group (purchased from Pierce Endogen; Figure 13) were
pr epar emreaﬁtemm\datvwcﬁag sipeexe oo clapmampesmhmvi ften piridicatipnthoranisgatong t hi ol

were m xed together in DVA containing up to 40%v/v of aqueous 200 nmM

succi navas Kepf dtelr°C 2r BNbEDRAH pbl tbffor tocallgiwthe dissediatmnaff aDDMx sfokes ( DMK) to
linker of 1.6:1 and a final concentration of DW of 6 MM After m xing, the

reacti Q¥R th @hfibdd9moh-chvilemly @i Bibile lioRAR! Theléchj @t wWhethean al i quot of
the reaction m xture was diluted 10- fold to neasure absorbance at 302-320

nm t o aﬁﬁg;egndylggg@gﬁ% |p|§ ?fs hﬁsfﬁ‘aidééfélféiﬁ‘g S{ﬁfé??ﬂd HRAGhRMkd dhARGhkioonal reverse

phase rozen guot o e reaction mXxture was carried
out later \t nitoring_at 302 n d 252 nmtq. verify conpl.ete
i s appaih Slfeetts o yaet Shher RS CLRTY BRlgrodt b Tolktofe SRR
sul f o- NHS-1 i nker - Mal - ]
conjugate was measured by determining absorbance of the conjugate at 252 and 280 nm

and using known extinction coefficients for DMx and antibody at these two wavelengths.
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DWK reagent at the tine of addition of the reaction m xture to antibody).
When no further mal ei mde was present by UV an aliquot of the reaction was
added to wo220gueoiss sol uti on of an anti body i n phosphat eChafstb@w/okb 7. 5)
under final conjugation conditions of 4 ng/m Ab, 90% phosphate buffer
(aqueous)/ 10% DVA (v/v), pH 7.5. The conjugation reaction was allowed to
proceedl3t] &edicing Dér{‘ifeq}gmﬁéalff@d opt psinggnrigateca anihedy sealesdiPfi ed from
excess unreacted reagent and excess DWk using a &5 gel filtration col umm
equi | i %rgﬂh@ uking it MuPagehtspbplieditiyisein (lavineges)witlCoNubgaie-18&sBikept at 4
C for days in pH 7.5 buffer to allow the dissociation of any DMV species

tt ached. tg: tl i i I ) i t th
G ary ped = e P SRR S B PR By (TEEeR, PR B Ther
th h.a 0.22 vimfjlt f fi L f DIk I I
b o Bt oI EENS o TSR, DR HERS I Ea P REEP RS absor bance

of the conjugate at 252 and 280 nm and using known extinction coefficients
f or Dmlmgpéjsmmes Kyt andhidde respsciinall Arrgniparisquofodb-feko-dMahiMilson, the
Ab- SMCC- Dk conj ugates were prepared using the traditional 2-step

conj ugabh@pateevithd4 DVie/ Antladedd by (b medliodaamblane df byatradithorat 28tepy/ M i n 95%
pH 6.5 phosphate buffer/5% DVA buffer was nodified with excess bifunctional
sul f o- ! i | f Q- I : i dogen). The
Feact | et R S e B T ed b
was purified a from.excess unreacted.|inker usjn 5 chr omat ogr aphy.
The redsvEdfiogp! L5gep p?gagw%gﬂqﬁg%s,pﬁ?thvgb' )56:21 sh%\g%%g%xéug&{eszso nm  The
nunber of |inked nmal ei m de groups in the nodified Ab was determ ned using a
smal | ahddguin theimatedi deseribedrin s inyepyjoradiaries Bead & haveadpeshrsmaaistint  of t hi ol
(such as 2-nercaptoethanol), added in excess over the maleimde, to react
Wit h t hpeopoatiei of ldgh mesdcdlae sveight tives-hnkkidf spedeathtn bagygaedmadedry thassayi ng t he
remai ning thiol by Ellnman's assay using DINB reagent (extinction

coef fi ai@ifongll 2-3BnidMaal (Bnes 2bndtd® nm = 14150 M1 cm|; Riddles, P. W et

al ., Methods Enzynol., 1983, 91, 49-60; Singh, R, Bioconjugate Chem,

1994, gi%ﬁ4§’r§éijrl)kab aea}dg%ieise%% sig@aicﬂ;e'k ge‘&géﬁg%ﬁdiﬁ%f%e DML was

carrie t at an anti'body concentration o ng/m 1 n°95%pH 6.5
phosphat e, buf [ 5% v/iv) ., with 1.7 | ivalents. o or Dwv4
Phof - uibepeterafa oIty bfees ekt nd (e M BREM Bidhribngs et
for 8-24 h at 18 C and.the conjugate was separated from exce nreact ed
DML (o rShm‘ft}\? ijhﬁa@@dgfﬁ&% FRAD ndsayith Pe‘gﬁrﬁtﬁﬁscﬁgp 3nd ggé’ @g%t%gat e was
kept at 4 C for 2 days in pH 6.5 buffer to allow the hydrolysis of any
weakl y frotaioadvior apvmigrde ithose farmcennpaedentibads of A and 3 Froyoactikeds ni ght
into pH 5.5 histidine/glycine buffer and then filtered through a 0.22 tun

filter (Fiyurd 9)ndh cetteasagiee cobiegzateuprbparedisimvive Divditionbbtovwo--etep methodb nol ecul e
in the final conjugate was neasured by determ ning absorbance of the

conj ugahswad hes aad tigREANAL PGy US iaRg 2B 8kpeBitid]l N Gint @ihj 6:0hlis 6f ents for
DML/ DMA and anti body at these two wavel engths. ,
higher molecular weights ranging from 99-152 kDa presumably due to inter-chain cross-
linking. Based on the quantitative Protein LabChip analysis, the conjugate prepared by
the method described in this application is much superior in terms of lack of inter-chain

* cross-linking compared to that prepared using the conventional two-step process (Figure

9.
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[ 141] Reduci ng SDS PAGE was carried out on conjugate and anti body sanpl es
(10 fig/lane) using the NuPage el ectrophoresis system (Invitrogen) with a
NuPage 4 w029%0Bi48566ri s M ni Gel and NuPAGE MOPS SDS r unmcmgsba0foaTo4¢ Fi gur e
14). Bands on the gel with nol ecul ar weights of 75, 125, and 150 kDa were

i ndicative of inter-chain cross-linked species (HL, H2L and H2L2

r espect{i3g| yhe Ao-Sdfpenal-BdMl ofnjugatSMEt: siviilar drie axdgivienthg mettmdAb (| ane
4, by this nmethod, and lane 3, by the traditional 2-step nethod,

r espectdeyibed ircth@anlantidhans by fiad raidiynapstestemabethot averheomptréobly siescri bed i n
this invention (lane 4) has nuch fewer high nol ecul ar wei ght cross-Iinked

speci e Xangeni@zm%%%smgﬁrebmﬂm: donffthics anak vé hé aRuMRIReGite ane 3) .

[ 142] Proteln LabChi p“el ectrophoresis anal ysis (under reducing condition)

of the anti body- o l. Lugate prepar. i bed in
Chi st AGRITBAOL TSk i b P TERALEE o ho Py i rtiRy
percentages of 67 and 30% (of total protein), whi.ch are sim.lar to those
for undsasutsh @@S%ﬁﬁlﬂlﬁlbtﬁdﬁb"é?nkG%D%&)n-Sbb}&‘? @%@ép?gggi;es(rpp&qsglgl%y_ I n
contrast, the conjugate prepared using the traditional two-step nethod
showed tradiiopalamo-dtémghethbdrttie major pakles 16 sheapactoaial] eadgin one oemgre and naj or
bands of hi gher nol ecul ar wei ghts ranging from 96-148 kDa presunmably due to
i nt er - alydiolyAH @S sroks-likkeddinkBagegmens irhaldifivand ithaddsired Rbeatieker-stafhi p

anal ysi s, the conjugate prepared by the nethod described in this o
appl i cafbiefles! $haHGRIRUBE RS OF thET&-Phinl R6ds-1Rkilgdr@uediiimbcalags- | | nki ng
conpared to that” prepared using the conventional two-step process (Figure

15). 3] .The . B j { i i g d iath
1) o PR AR S MRS SR P Losdggee v e
AT T G ARE N P R RN T IR RV

spectrum contai ning only the expected distribution of peaks with mass equal
to Ab- (dniihedst withieretaropifupstionad dinkgr cap rragh¥tB IHEAROIRHH GOt he traditi onal
two-step nethod the spectrum shows a heterogeneous m xture of species which
i ncl udestetthelecida) hist difb; binakgrosDivkinrysteasiresdysis uesubiti iniigaathagpeci es

contai ning inactivated nal ei m de and cross-1linked |inker fragnments. The

put at i i@od¥EEIRAHY, SNhe MitikiMEincHifpefat@h@birintilo $&-Hal daketagide) tesitak ehimrigete
inactivation in the traditional 2-step reaction sequence are shown in
Figure ; \ ; iRdigh BlslRiol OF b ahRAGShamisle esi due)
fromt Héz(itl\r??té?gﬁﬁwggg%/ Pg%%g}?ﬁﬁétlﬁgggé;h%% tf%e he?gdrl obi functional |inker
can react, wi.th inty | ecul ar - I -hi Sk di- ysi ne,

tyrosi r%?lelg?'ld%y téklle%(g%rfee‘%i%aﬁlgs}& Q{r;aéiélgfet%lg ﬂ@esﬁﬁ? g‘{a)étrl%ﬁ'g;ngmg?gesalé% i nki ng, or
the initjally incorporated nmaleim or hal ogcet am de) .resi.due can get

i nact i VEAtestr BWWH?I&W%?'S'PW th@h@aﬁ%&&ea@ﬁwlﬁﬁﬁﬁ %\yﬁ%aéthp S5 Me before the
reaction step with the thiol-bearing DML or DV4A (DWk) agent. Thus the LC-MS
anal ysidgseritedrin shisinyertianthes thendvapiego el RIededinHRRMPEENEPHSCONHZRKtYEh has t he
advant age of produci ng honbgeneous conjugate with little or no inactivated
mal ei nilitde of ne hpdyslykédéredodsilinked lihkerfnapnientsatttacndidd antbedyt i body. Exanpl e 4.
Conj ugation of antibody wwth DML/ DVA (DW) wth cleavable, disulfide

l'i nker s18y] tTieship@hPofal MitDuasA g Nb-Sulfo-Mal-DM1 conjugate with 5.6

maytansinoid load per antibody molecule (average) prepared by the method described in
this invention was measured by flow cytometry using the antigen-expressing COLO205
cells, and was found to be similar to that of unconjugated antibody suggesting that the

conjugation did not affect the binding of the antibody to target antigen (Figure 11). The
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[ 144] Stock solutions containing DML or DMA thiol (DW) and
het erobi functional |inker 4-(2-pyridyldithio)butanoic
aci d- N- hywoarygidessoni m de ester (SPDB) were prepared i nPDVAIS2010/037046
concentrations of 30-60 mM Linker and Dk thiol were mxed together in DVA
containing up to 40% v/v of aqueous 200 mM succinate buffer, 2 nM EDTA, pH
5.0 to cytolexiaaqtyity of dre apiiCand epivie-Submdalt M 1jcerisigatg repagedbyhel a fi nal
concentration of DMk of 8 MM After mxing, the reaction was left for 1 h
at anbimgthod dnpébedtin tids aventidvewmasameahregunvitaf usitgeCEBACO) ovlomagncatdded t o an
aqueous sol ution of antibody in phosphate buffer (pH 7.5) under final
conj UQ%IIQ&&&@&E%@O&@ arftigeB (Fisub2) 90te ﬁh@%ﬂhﬁf)@sm Emeer(@yeous) / 10%
DMVA (v/v), pH 7.5. The conjugation reaction was all owed to proceed at
anbi ent . j; ifhed:fyom excess
anr eac S0 PRENTh HoBnd 00 ectfgin e WL GO0 HO8) Sy MRS ol e B
equilibrated.in pH 7. hosphat e .buf f er ueo ) nj ugat.e s kept at 4C
For o degborvinuhin S aRpesd o sy srisnt fitas af Sbrvacriens. AR5 e
species attached to Ab noncovalently or via labile |inkage. The conjugate
was t hendayiexpgsuseltoghe eoniugate. ithit vaplpicsllsremaining Weiganesyier NN Wi er and 't hen
filtered through a 0.22 wn filter for final storage. The nunber of DM
mol ecul W8 TassAb(Dmindc MaearartTeehdidlogibs)c dysjshgat én hvgsreniathgrast- by
determ ni ng absorbance of the conjugate at 252 and 280 nm usi ng known
exti nct¢mg0&3fshif§imat5m%njayktegf@aadatdshfgdmsaﬁethm@s lighlywaweat engt hs.
Exanpl e 5. Preparation of antibody-DML/ DVA ( Ab-DWK) conjugate with both
di sul fide- = ' i i i ' ) . [ 145]
SRR AR G T R A = i
het erobi functional.|inker were prepared in,N ' | i.de (DVA) at
conce ntcryéc#?’f)lﬁ]%y SEtH‘?@pgblgmwa?ﬁgg(ﬂﬁé?ﬁDﬁ&qlﬁ/gF g%ﬁ’lg%dﬁ ?ﬁ%ﬁﬁgﬁg& ' t hi ol
were m xed together in DVA containing up to 40% v/v of 200 nM succi nate
buf f er ,exgesHEpmAgatslaeit9dyy give a molar ratio of DWk to |inker of 1.6:1
and a final concentration of DWk equal to 8.0 mM The reaction m xture was
| ef t t o[1B&lacAn plsernative ragthechef conjucaberpeying theancthod desedhsdrin tlds paeatione|
reaction, SPDB |inker and Dk thiol were m xed together and reacted in a
si m | arinfélséd @guénohinhatepanhigtraleisids exchd arcetihiRicRE X bntse(seihrdsdle react i on
except for a reaction tinme of 1 h. After the conpletion of both reactions
and Wi tigetmingbithicalid O 3-RadRhidypbpivak Rid, BEStMamalidide] %t ure and
SPDB- DM4 mi xture were conbi ned. An aliquot of the conbined reaction
m xt ur e ' I | j : tibody in
%dg%g??ggf ?g }gd§5%ut aBlYf ?ﬁ#rﬁﬁé {:&le@@or@oﬁﬁé Wi @DNE 20 y

phosphate i nal conjugation conditions of 4 ng/m Ab,

90% phaosphat.e buffer. (aqueous) % M/ V H7.5 T [ugation
Feact | doae T anddnkE RO LACIRR B e Vb Redydh i 8 R
conjugate_was purified fromexcess unreacted reagents and excess DMK using
a G25 gantibpdykte guensh tBeeXeRss %M}itﬁx%g%@dn PHepiq PFOYIL ARSI D uf f er |

(aqueous). The ' _
reaction of DMx thiol with the antibody. In a specific example, following completion of

the initial DMx and heterobifunctional linker reaction (before the addition of the reaction
mixture to the antibody), 4-maleimidobutyric acid was added to quench the excess DMx
thiol group in order to prevent any unwanted reaction of DMx thiol with the antibody
during the conjugation reaction. To a reaction mixture of DM4 and Sulfo-Mal-NHS

heterobifunctional reagent that contained an excess of DM4 (3 mM), upon completion of
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WO 2010/ 141566PCT/ US2010/ 037046 conj ugate was kept at 4C for 2 days in pH
7.5 buffer to allow for the dissociation of DW species attached to Ab

non- covalwot2by/ais66i a | abil e |i nkage. The conj ugat e was PChas2aioabiaed
overnight into pH 5.5 histidine/glycine buffer and then filtered through a
0.22 imfilter for final storage. The nunber of DM nol ecul es per Ab

nol ecultke dasirch®M4 thad! covplinggatlee malsimde strup®LBie hessrabifnstipepl 588¥tbance of
the conjugate at 252 and 280 nm usi ng known extinction coefficients for DM
and antd thedpldholhesesd ofol-maleahieobtthsc a¢id 46 nMheasiildedioid r&GeDEh and

PEGA- Mal |inker)-DWk conjugate made via the nethod described in this

i nvent i, o0 Wast 4eSLiRderhforf8i SO0 GrikiliSs @Q{u@ﬁdﬂth@_terhe{i%%g mNVaE.anhef cleavabl e
versus non-cl eavabl e 1 nker on the Ab by conparing per antibody (DA

rati o hef.ore and after 1. (di t hi [ el foq: njugate to
reduce 'PHE 8 EP% Feqelqy @g{:}é& P Iuﬂr}hg%tg)élrdfﬁgé e%%t[r@ gb%ﬁlr}ée’fgﬁhgﬁ&p at 7.5
during DTT reduction, the, caonjugate wa ir Lalyzed iinta 250 mM HEPES
buf f er ped wath aqBitioggf a@aﬁoéymggqsﬁéﬂe ?’Bgﬁfc@g{ ﬂé) yridée 193] SOULEHIOB5 v DTT
for 20 mn at 37C. After the DIT reaction, the rel eased DMk and DIT were
separ atcedditionst hmgialabl.i 96 rueous ehogshaig beffadg % aVIAL pH 12t iTB8 col um
equilibrated in 250 nM HEPES buffer pH 7.5. The average nunber of DM

ol ecul @ajupetionMactiinecas! aloived tdhpropesdi dt amibigpt ripetatwadonehsilihed by

determ ning the absorbance of the conjugate at 252 and 280 nm and usi ng

known  extib & DRY e&x?&gat&wmtﬁiﬁearfrme@asesg@ﬁlhtmbie@uq bhesgdtliMer
wavel engths.” The ratio between D/A of DIT-treated conjugate and D/ A of

-DTT ' t : ; ttached
T e R et R e A R

Ab- PEA4- Mal - DMA conj ugat e re treated wt.h DIT . as.posit.ive, and negative
cont rolcé’PJurgéTé?fé’E’Pft'(}%lvga.s f@%ﬁ%{ﬁtaqlﬁngagﬁy gd?}é?th(QRDg? %P ratﬁcilhgwft% & DrT
treatnent, the control non-cleavabl e Ah- PEG4- Mal - DM conj te showed that
appr oxi desoeipjjompf any PMiespecigiaiiaghetdp antbedyopgoyalepinoryia §5| e (93% as
expected. The Ab-(m xed SPDB and PEGAMal |inker)-DWk conjugate containing
bot h ndinkege allzhéamiwmatt Wasthér didkyzbd pkeenightimtiepN 58 hisfedirsiglyeide Beler i bed in
this invention had 41% | ess DWWk cleaved by DIT treatnent relative to the

anmount B ied Besughh@n e fiNer FrBEaDikragenThgaictadeitinbeposDd4s entirel y of
cl eavabl e linker. This denonstrated that the Ab-(m xed SPDB and

PEGX4- i { itgecgz' t:his invention was
conpog/ghg%&\(gsp e?%(%éi%ﬁ%&%@%ﬁ%ﬁ%ﬁ%@?%ngn élOA) cltéergl\}rgg e linkers. By
changing the initial ratio af.th n- cl eavabl e and ¢l eavahle |inker

r eagentag’,sor(]?aﬁ‘ielﬁftéfﬂee%oné‘fgagnatt%g89‘?3\?@ N O e &Oﬁé:rgefglf: ]feél{c;t or can be
prepared with different ratio of non-cleavabl e and cl eavabl e |.i nkers.

Fi gur e 21 DMbord amibognaithesdworvarelongdegll e ey pedie &% Weja eralyeser i bed
above, which conprises of antibody with an average of 3.5 nmaytansinoid

nol ecul ssnqreredacing BOSPAGE eising¢hd NnRage elgcaroparbsisisystant Witk al 4-AR%rBis ( SPDB)

and non-cl eavable linkers (PEG. The M5 shows discrete conjugate species
bear i ngThoOGH! Cheayahl) e TAOHeatdbnated vahbles Werddeaded(dtil g updal ) Thefon- exanpl e,

t he conjugate peak designated D2-PEG SPDB bears one disulfide-linked and

one ”0nfeﬁh&%sb’sep/&@h%ﬂmohjd@%%r 3 Bissh @k thetR)defeddfbedtiRehie ONj ugat e peak

desi gnated D3- PEG 2SPDB bears two disul fide-1inked and one non-cl eavabl e

5. 2pecrepst S ERMEN Ao FruES or ARl ARl GR EoRGRA st anat ed

L PR PO B T8 o TR e 0
conjugate prepared using the method described in this invention which was treated with

4-maleimidobutyric acid (to cap excess DMx thiol) had significantly lower amounts of
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[ 147] Stock solutions of DML thiol and SMCC heterobifunctional |inker
(Pierce) were prepared in DMA at concentrations of 30-60 mM Linker and DML
t hi ol werwoOrmwediieeget her in DMA containing up to 50% vPerafS2aqoemess 200 M
succinate buffer, 2 nM EDTA, pH 5.0 to -give a ratio of DML to |inker of
1.4:1 nol e equivalent and a final concentration of DML of 1 to 6 nM After
m Xi ng thdshendesaetle bandsdst leedls cdroapargbld © vhnipdifed anthodptsamplepepnothere and t hen
an aliquot of the reaction m xture was diluted 10-fold to neasure

absor bapemtaie o3 ¥ RRACHIAY bPthassasiIDMiehh dktetdtifuattidnabreaaiodl mixdge had react ed
with thiol. en no further nmal eimde was present by UV, an aliquot of the

but 1 or (CAr BAERET Bl AR L g a2 B et b
{enct GHIGRESH et 1 UG T d D e IR U % oAb v

conjugate was purified fromexcess unreacted or hydrol yzed reagent and
excess [E (DM ey RMd»spegiss apd therefpriedhe Epalisrnivedis ia}(fpvomatf@aﬂ?rhdm gt 4
phosphat e buffer (aqueous). The conjugate was then dialyzed overnight into
pH 7. 4 cphaspiaet obufcdejugitad ddxi specand ThhéMkalldwrt adthtdameleghidab@y@ 1, t m
filter for final storage. The nunber of DML nol ecul e per Ab nolecule in the
final el Weather tARAGUsREh D a ot [ Tnbicngatadseditianas Dx kie conj ugat e at
252 and 28(8 nm a%%&usi ng knom%ltw%e%?iszcti on coefficients for DML and anti body
at the I . l.an ' EBnIQ i with DMA t hi ol
and S r%i*gge %%\{%rrg%gﬁegﬁ%y s?h{épg!gag)&n? h}fge%{a}éggﬁ ant itiﬁgg?/dﬁqtg%xm or DV4

usi ng SMCC |inker contain thioether non-cleavable |inker. [ 148] The

Ab- SMCEPBIYE?Eonj ugat e made via the method described in this invention was
characterized by Ms anal ysis of deglycosyl ated conjugate (Figure 23). The
conjugate nade via the nethod described in this invention shows the desired
M5 spectrum containing the expected distribution of peaks with mass equal

t o Ab- (Examkde 3DNonjugatioarnflaatibodywith may tansineid @HI1ABNMY) wingswigt ansi noi d
usi ng heterobi functional disulfide-containing Iinkers (SSNPB, SPP). [149]
Di sul f iNEES<SMCd livlcey (Fiduee @B).f uncti onal |inkers SSNPB

(N-sul fosuccini mdyl-4- (5-nitro-2-pyridyldithio)butyrate) and SPP

( N- sucqi; 59 M Hyck sditdns BY DM bADIA2 tRioP (DPix) Bl 81k saHs-SheCOsed to prepare

di sul fide-1inked anti body- maytansi noid conjugates by the nethod simlar to

that d i . Ny i .
ol § et BRI wiT o Nls AT Erfpock ok Bt BBl Bille 1 16
t hat of

o TR ”r%%%ﬁﬁ%&f g"a%ﬁlg?}’\é‘i“‘? fgy 'r?g%(ggéi%ufge & '&?lg@r"gf%eﬂéegks with

mass val ues corresponding to different nu s of. mayt ansji noi d nol ecul es
at t achdbiol wersinixge ggg_ether 9n DMA containing up to %% v/v of aque%us 9(% mR/I

succinate buffer, 2 mM EDTA, pH 5.0 to give a ratio of DM1 or DM4 (DMXx) to linker of
1.6:1 and a final concentration of DMx of 6 mM. After mixing, the reaction was left for
1-4 h at ambient temperature and then an aliquot of the reaction mixture was diluted 10-
fold to measure absorbance at 302-320 nm to assess whether all of the maleimide had
reacted. (Additional reverse phase HPLC analysis of a frozen aliquot of the reaction
mixture was carried out later with monitoring at 302 nm and 252 nm to verify complete

disappearance of linker maleimide and formation of the desired sulfo-NHS-linker-Mal-
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Exanpl e 8. Conjugation of antibody w th maytansi noid contai ni ng

non-cl eavabl e linkers with |inear al kyl carbon chain. [150] Conjugates
cont ai ni nyonror/@iwavabl e | inker with |inear al kyl carboRCThs2e10x8T1086
prepared using reaction mxture of maytansinoid and heterobifunctional
linkers with linear alkyl carbon chain, simlar to_the nmethod described for
SMCC | iIMMaredgenieat drepirae of ad:btnoreeaféh@re@ctlmmwtt@gnt&oda) hhemProed anti body
with DML were prepared using BMPS (N-[p-nal ei m dopropyl oxy] succi ni m de

est er) forthéoMBSeit(id¢ Wynmksnmrby OBULy aljduok yf the caaictiomivdeadsst éo n hqueker as shown
in Figure 26. The initial reaction m xture containing BWS or GVBS (8 m\V)
and DM]soMﬁ'oﬁlof 6d SntfbodMin blﬁbsﬁ@a& B ABED 1 VY uhlde 2] ebhjspatintaheitibes der, pH 5,

showed conpl ete reaction of nmal ei m de noi ety (based on decay of mal eim de

absor banc t r ture was
added, % E/tn\?\lloApor {3@1 B@% B‘(ﬁ?&é&ﬁl{%h@ﬂo@’( m)éﬁﬁafi?lﬁ%?ohﬁ%ﬁut%on at 2.5
nmg/ m |n 80% aqueous, EPPS byffer H 8.1, ni % with the
Total ITFHER vadd0ovet el et BhhicbeeRiae R R 5%@099 SsENBE Uac o

m xture was gel purified after 4 h and subjected to rounds of di al ysi s.
Conj ugatueidiedifom Oivessamreassdyeassnt @dcﬁxcgsssplééwsggf %Srgae BiEgsped with 71- 75%
recovery, and hi gh nmononmer % (96.2-97.6% . These conjugates prepared with
GMVBS orcoBMRSeqlilitvertd mo pHvcHplhasghdte Huffergequious). BynjHEBERaBIREE adAdCYel s.

Simlar conj ugates containing non-cleavable linkers with Iinear alkyl

chai ns cadyshe Hrﬁﬁﬁlﬁf@& t&lallevg tINASs ot N dBof 48 BMVIK specieeitxiddid et M de
ester) or I\/[% - mal ei m docapr oyl oxy] succinimde ester) or the

sul f o- “&fgm@qigg?ﬁs\ﬂgﬂb@g mmgﬂ%]e%@&&l bl hs B Pl b0e Pl grsfoun i n

Fi gure e rmno or se ect COI’lj ugat es” prepared by
t he rrethod d cr.lb d_in nomer % by
si ze- exXUFHHRURYEIRE H%?Tc?@lfigfﬂﬁwé é@‘?%h %?fﬁﬁé‘? ﬁIBFf’%ﬁ'e 8% are al so
shown for conjugates prepared by the traditional two- st ep conjugation
met hod rupyber REDMH mplelculepardbaroletulain the Gugl opniugatseTas meAsFwadsy i onal | i nker

foll owed by reaction with mayansinoid thiol). Table 1. Mononer % for select
conj ugadeesmimide atypriidnee ofthh odnjdgate ni ZRchnidr 80 mins armjyinglatovorexviactsars by
traditional two-step conjugation methods WO 2010/ 141566PCT/ US2010/ 037046
Conj ugaleRfficients for DMx and antibody at these two wavelengths.

[140] For comparison, the Ab-SMCC-DMXx conjugates were prepared using the

traditional 2-step conjugation method. The antibody (Ab) at a concentration of 8 mg/ml

in 95% pH 6.5 phosphate buffer/5% DMA buffer was modified with excess bifunctional

sulfo-SMCC linker with sulfo-NHS group (purchased from Pierce Endogen). The

reaction was allowed to proceed at 25 °C for 2 h and then the modified Ab was purified

away from excess unreacted linker using G25 chromatography. The recovery of purified

Ab was determined by UV absorbance at 280 nm. The number of linked maleimide

groups in the modified Ab was determined using a small aliquot of modified antibody by

addition of a known amount of thiol (such as 2-mercaptoethanol), added in excess over

the maleimide, to react with the maleimide residues in the modified antibody and then
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assaying the remaining thiol by Ellman's assay using DTNB reagent (extinction
coefficient of TNB thiolate at 412 nm = 14150 M' cm™’; Riddles, P. W. et al., Methods
Enzymol., 1983, 91, 49-60; Singh, R., Bioconjugate Chem., 1994, 5, 348-351). The
conjugation of modified Ab with DM1 or DM4 was carried out at an antibody
concentration of 2.5 mg/ml in 95% pH 6.5 phosphate buffer/5% DMA (v/v), with 1.7
molar equivalents of DM1 or DM4 thiol added per mol of linked maleimide in the Ab.
The reaction was left for 8-24 h at 18 °C and the conjugate was separated from excess,
unreacted DM1 (or DM4) via G25 chromatography. After purification the conjugate was
kept at 4 °C for 2 days in pH 6.5 buffer to allow the hydrolysis of any weakly linked
DM1/DM4 species. The conjugate was then dialyzed overnight into pH 5.5
histidine/glycine buffer and then filtered through a 0.22 um filter for final storage. The
number of DM1/DM4 molecules per Ab molecule in the final conjugate was measured by
determining absorbance of the conjugate at 252 and 280 nm and using known extinction
coefficients for DM1/DM4 and antibody at these two wavelengths.

[141] Reducing SDS PAGE was carried out on conjugate and antibody samples (10
ug/lane) using the NuPage electrophoresis system (Invitrogen) with a NuPage 4 -12% Bis
Tris Mini Gel and NuPAGE MOPS SDS running buffer (Figure 14). Bands on the gel
with molecular weights of 75, 125, and 150 kDa were indicative of inter-chain cross-
linked species (HL, H,L and H,L; respectively). A comparison of Ab-SMCC-DM1
conjugates with 3.1 D/Ab (lane 4, by this method, and lane 3, by the traditional 2-step
method, respectively) clearly shows that conjugate made via the method described in this
invention (lane 4) has much fewer high molecular weight cross-linked species than

conjugates made by the traditional 2 step method (lane 3).
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[142] Protein LabChip electrophoresis analysis (under reducing condition) of the
antibody-SMCC-DM1 conjugate prepared by the method described in this invention
showed the heavy and light chain major bands with percentages of 67 and 30% (of total
protein), which are similar to those for unconjugated antibody of 68 and 30% respectively
(Figure 15). In contrast, the conjugate prepared using the traditional two-step method
showed heavy and light bands of only 54 and 24% respectively, and major bands of
higher molecular weights ranging from 96-148 kDa presumably due to inter-chain cross-
linking. Based on the quantitative Protein LabChip analysis, the conjugate prepared by
the method described in this application is much superior in terms of lack of inter-chain
cross-linking compared to that prepared using the conventional two-step process (Figure
15).

[143] The Ab-SMCC-DM1 conjugates with similar drug loads made via the method
described in this invention and by the traditional two step method were compared by size
exclusion LC/MS analysis (Figure 16). The conjugate made via the method described in
this invention shows the desired MS spectrum containing only the expected distribution
of peaks with mass equal to Ab-(linker-DMx),. In the case of conjugate made using the
traditional two-step method the spectrum shows a heterogeneous mixture of species
which includes the desired Ab-(linker-DMXx), species plus additional species containing
inactivated maleimide and cross-linked linker fragments. The putative mechanisms of
the inter-chain cross-linking and maleimide inactivation in the traditional 2-step reaction
sequence are shown in Figure 17 whereby the incorporated maleimide (or haloacetamide
residue) from the initial reaction of antibody with the heterobifunctional linker can react

with intramolecular (or intermolecular) histidine, lysine, tyrosine, or cysteine residues
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resulting in inter-chain cross-linking, or the initially incorporated maleimide (or
haloacetamide) residue can get inactivated by hydrolysis or hydration of the maleimide
residue before the reaction step with the thiol-bearing DM1 or DM4 (DMx) agent. Thus
the LC-MS analysis clearly shows that the method described in this invention has the
advantage of producing homogeneous conjugate with little or no inactivated maleimide

or cross-linked linker fragments attached to antibody.

Example 4. Conjugation of antibody with DM1/DM4 (DMXx) with cleavable,
disulfide linkers by this method (Figure 19).

[144] Stock solutions containing DM1 or DM4 thiol (DMx) and heterobifunctional
linker 4-(2-pyridyldithio)butanoic acid-N-hydroxysuccinimide ester (SPDB) were
prepared in DMA at concentrations of 30-60 mM. Linker and DMx thiol were mixed
together in DMA containing up to 40% v/v of aqueous 200 mM succinate buffer, 2 mM
EDTA, pH 5.0 to give a ratio of DM1 or DM4 (DMXx) to linker of 1.6:1 and a final
concentration of DMx of 8 mM. After mixing, the reaction was left for 1 h at ambient
temperature and then an aliquot of the reaction was added to an aqueous solution of
antibody in phosphate buffer (pH 7.5) under final conjugation conditions of 4 mg/ml Ab,
90% phosphate buffer (aqueous)/10% DMA (v/v), pH 7.5. The conjugation reaction was
allowed to proceed at ambient temperature for 2 h. The Ab-DMx conjugate was purified
from excess unreacted reagent and excess DMx using a G25 gel filtration column
equilibrated in pH 7.5 phosphate buffer (aqueous). Conjugate was kept at 4°C for 2 days
in pH 7.5 buffer to allow for the dissociation of any DMx species attached to Ab non-

covalently or via labile linkage. The conjugate was then dialyzed overnight into pH 5.5
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histidine/glycine buffer and then filtered through a 0.22 um filter for final storage. The
number of DMx molecules per Ab molecule on the final conjugate was measured by
determining absorbance of the conjugate at 252 and 280 nm using known extinction

coefficients for DMx and antibody at these two wavelengths.

Example 5. Preparation of antibody-DM1/DM4 (Ab-DMx) conjugate with both
disulfide- and non-cleavable linkers using this method (Figure 20).

[145] Stock solutions of DM1 or DM4 thiol (DMx) and the NHS-PEG,-Maleimide
heterobifunctional linker were prepared in N,N-dimethylacetamide (DMA) at
concentrations of 30-80 mM. The NHS-PEG4-Maleimide linker and DMx thiol were
mixed together in DMA containing up to 40% v/v of 200 mM succinate buffer, 2 mM
EDTA, pH 5.0 to give a molar ratio of DMx to linker of 1.6:1 and a final concentration of
DMx equal to 8.0 mM. The reaction mixture was left to react for 2 h at ambient
temperature. In a separate parallel reaction, SPDB linker and DMx thiol were mixed
together and reacted in a similar fashion to the conditions used for NHS-PEG;-maleimide
reaction except for a reaction time of 1 h. After the completion of both reactions and
without purification, equal volumes of PEG4-Mal-DM4 mixture and SPDB-DM4 mixture
were combined. An aliquot of the combined reaction mixtures was added without
purification to a solution of antibody in phosphate buffer (pH 7.5) under final conjugation
conditions of 4 mg/ml Ab, 90% phosphate buffer (aqueous)/10% DMA (v/v), pH 7.5.
The conjugation reaction was allowed to proceed at ambient temperature for 2 h. Ab-
DMXx conjugate was purified from excess unreacted reagents and excess DMx using a

G25 gel filtration column equilibrated in pH 7.5 phosphate buffer (aqueous). The
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conjugate was kept at 4°C for 2 days in pH 7.5 buffer to allow for the dissociation of
DMx species attached to Ab non-covalently or via labile linkage. The conjugate was then
dialyzed overnight into pH 5.5 histidine/glycine buffer and then filtered through a 0.22
pm filter for final storage. The number of DMx molecules per Ab molecule on the final
conjugate was measured by deterrﬂining absorbance of the conjugate at 252 and 280 nm
using known extinction coefficients for DMx and antibody at these two wavelengths.
[146] The Ab-(mixed SPDB and PEG4-Mal linker)-DMx conjugate made via thé
method described in this invention was tested to determine the percent of incorporation of
cleavable versus non-cleavable linker on the Ab by comparing DMx per antibody (D/A)
ratio before and after DTT (dithiothreitol) treatment of the conjugate to reduce the
disulfide linkage. In order to maintain reaction pH at 7.5 during DTT reduction, the
conjugate was first dialyzed into 250 mM HEPES buffer pH 7.5. The conjugate was then
reduced by reacting with 25 mM DTT for 20 min at 37°C. After the DTT reaction, the
released DMx and DTT were separated from the reaction mixture using a G25 gel
filtration column equilibrated in 250 mM HEPES buffer pH 7.5. The average number of
DMx molecules per Ab molecule in the purified product was measured by determining
the absorbance of the conjugate at 252 and 280 nm and using known extinction
coefficients for DMx and antibody at these two wavelengths. The ratio between D/A of
DTT-treated conjugate and D/A of non-DTT treated conjugate was used to calculate the
percent of DMx attached to Ab via non-cleavable linkage. Two additional samples, Ab-
SPDB-DM4 and Ab-PEGs-Mal-DM4 conjugates, were treated with DTT as positive and
negative controls, respectively. By comparing D/A ratio before and after DTT treatment,

the control non-cleavable Ab-PEG4-Mal-DM4 conjugate showed that approximately all
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linkers bound were found to be non-cleavable (93%) as expected. The Ab-(mixed SPDB
and PEGsMal linker)-DMx conjugate containing both non-cleavable and disulfide linkers
made via the method described in this invention had 41% less DMx cleaved by DTT
treatment relative to the amount of DMx loss from the Ab-SPDB-DMx conjugate that
consists entirely of cleavable linker. This demonstrated that the Ab-(mixed SPDB and
PEG4-Mal)-DMx conjugate made via the method described in this invention was
composed of approximately 40% non-cleavable and 60% cleavable linkers. By changing
the initial ratio of the non-cleavable and cleavable linker reagents, conjugates of antibody
with maytansinoid or other effector can be prepared with different ratio of non-cleavable
and cleavable linkers. Figure 21 shows the mass spectrum of deglycosylated conjugate
described above, which comprises of antibody with an average of 3.5 maytansinoid
molecules per antibody molecule linked via both disulfide linkers (SPDB) and non-
cleavable linkers (PEG). The MS shows discrete conjugate species bearing both
cleavable and non-cleavable linkers (Figure 21). For example, the conjugate peak
designated D2-PEG-SPDB bears one disulfide-linked and one non-cleavable thioether-
linked maytansinoid molecule; the conjugate peak designated D3-PEG-2SPDB bears two
disulfide-linked and one non-cleavable thioether-linked maytansinoid molecules; and the
conjugate peak designated D3-2PEG-SPDB bears one disulfide-linked and two non-

cleavable thioether-linked maytansinoid molecules.
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Example 6. Conjugation of antibody with maytansinoid using SMCC linker (Figure
22).

[147] Stock solutions of DM1 thiol and SMCC heterobifunctional linker (Pierce) were
prepared in DMA at concentrations of 30-60 mM. Linker and DM1 thiol were mixed
together in DMA containing up to 50% v/v of aqueous 200 mM succinate buffer, 2 mM
EDTA, pH 5.0 to give a ratio of DM1 to linker of 1.4:1 mole equivalent and a final
concentration of DM1 of 1 to 6 mM. After mixing, the reaction was left for up to 4 h at
ambient temperature and then an aliquot of the reaction mixture was diluted 10-fold to
measure absorbance at 302-320 nm to assess whether all of the maleimide had reacted
with thiol. When no further maleimide was present by UV, an aliquot of the reaction was
added to én aqueous solution of an antibody in phosphate buffer (pH 7.5-8.5) under final
conjugation conditions of 2.5 mg/ml Ab, 70-80% phosphate buffer (aqueous)/30-20%
DMA (v/v). The conjugation reaction was allowed to proceed at ambient temperature for
3 h. Ab-DMI1 conjugate was purified from excess unreacted or hydrolyzed reagent and
excess DM1 using a G25 gel filtration column equilibrated in pH 7.4 phosphate buffer
(aqueous). The conjugate was then dialyzed overnight into pH 7.4 phosphate buffer
(aqueous) and then filtered through a 0.22 um filter for final storage. The number of
DM1 molecule per Ab molecule in the final conjugate was measured by determining
absorbance of the conjugate at 252 and 280 nm and using known extinction coefficients
for DM1 and antibody at these two wavelengths. Similarly, conjugates of antibody with
DM4 thiol and SMCC can be prepared. These conjugates of antibody with DM1 or DM4

using SMCC linker contain thioether non-cleavable linker.
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[148] The Ab-SMCC-DM1 conjugate made via the method described in this invention
was characterized by MS analysis of deglycosylated conjugate (Figure 23). The conjugate
made via the method described in this invention shows the desired MS spectrum

containing the expected distribution of peaks with mass equal to Ab-(linker-DM1),.

Example 7. Conjugation of antibody with maytansinoid using heterobifunctional
disulfide-containing linkers (SSNPB, SPP).

[149] Disulfide containing heterobifunctional linkers SSNPB (N-sulfosuccinimidyl-4-
(5-nitro-2-pyridyldithio)butyrate) and SPP (N-succinimidyl-3-(2-
pyridyldithio)propionate) can be used to prepare disulfide-linked antibody- maytansinoid
conjugates by the method similar to that described for SPDB linker

in Example 4. The structure of the disulfide-linked conjugate prepared using SPDB
(Figure 19) is identical to that of the conjugate prepared with SSNPB (Figure 24). The
MS of a disulfide-linked conjugate prepared using SPDB showed discrete peaks with
mass values corresponding to different numbers of maytansinoid molecules attached to

antibody.

Example 8. Conjugation of antibody with maytansinoid containing non-cleavable
linkers with linear alkyl carbon chain.

[150] Conjugates containing non-cleavable linker with linear alkyl carbon chain were
prepared using reaction mixture of maytansinoid and heterobifunctional linkers with
linear alkyl carbon chain, similar to the method described for SMCC linker in example 6.

For example, conjugates of a humanized antibody with DM1 were prepared using BMPS
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3.9 two-step,

one-pot 95.7 CLAIMS 1. A process for preparing a purified

conjugate in a solution, wherein the conjugate conprises an effector or a
reporter wol2eouil4esébi nked to a cell binding agent, the pPOTAS01008TH6 Si NY

t he steps of:
bi functional |

(a) contacting the effector or the reporter nolecule with a
I nker reagent to covalently attach the linker to the effecto

or the r@pprhekiniabgopylexgsstcidigidnstepy @@ Savyppurified first mxture
conprising the effector or the reporter nol ecule having |inkers bound

ther et 01ma(19%né Cﬁr{&yg%?ﬁgecﬁniﬁﬁ&é es?%ggx’ﬁlgégtaﬁ%n ke 267 TRELfator the

reporter no

I nkers ereto by reacting the unpurified

(c)  subyettihg i il Lo anB BT ol PARPE e o =1

di al ysi s el
precipiﬂ%ﬁﬁ&ﬁp

omat o sel ecti.ve. .

filtration, adsorptiyve ra .
oolV5) BN B EE T+ SOMes EopPled Rt ok Balgimide; o

conjugate. 2. The process of claim1l in which step (b) is carried out in
sol ut | onmeietyabased pn darayindumaleimide abwulbange at 302-320 nm) when checked at 15

min. This reaction mixture was added, in two portions 30 min apart, to a humanized

antibody

solution at 2.5 mg/ml in 80% aqueous EPPS buffer, pH 8.1, containing 20%

DMA (v/v) with the total linker added at 8 molar equivalents to antibody. The conjugate
mixture was gel purified after 4 h and subjected to 2 rounds of dialysis. Conjugates with
DM 1/antibody ratio of 3.8 and 5.1 were prepared with 71-75% recovery, and high
monomer % (96.2-97.6%). These conjugates prepared with GMBS or BMPS showed no
unconjugated free drug by HISEP HPLC analysis. Similar conjugates containing non-

cleavable linkers with linear alkyl chains can be prepared using AMAS (N-[-

maleimidoacetoxy]succinimide ester) or EMCS (N-[B:maleimidocaproyloxy] succinimide
ester) or the sulfo-N-hydroxysuccinimide esters (sulfo-GMBS, sulfo-EMCS) as shown in
Figure 25. Table 1 shows the monomer % for select conjugates prepared by the method
described in this invention, which all showed high monomer % by size-exclusion
chromatography analysis. For comparison, monomer % are also shown for conjugates
prepared by the traditional two-step conjugation method (by the initial reaction of
antibody with heterobifunctional linker followed by reaction with mayansinoid thiol).

Table 1. Monomer % for select conjugates made by the method described in this

application versus by traditional two-step conjugation methods
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3. The process of claim1, wherein the second m xture in step (b) is
substantially free of undesired cross-1linked, hydrolyzed species forned due
t o i ntra-wol2zemul4s¥e6or i nternol ecul ar reactions. 4. ThePprasess/0sfo4€l ai m 1,
wherein the effector nolecule is a cytotoxic agent. 5. The process of

claim4,_wherein the cytotoxic agent is maytansinoids, taxanpes, CCL065, or
anal ogCatjugatef . 6. [PHA pr (wyugationcinatheds, dtwiomerhe cyl ot oxic agent is
a maytansinoid. 7. The progess of claim§6, erein the maytansinoid
conpri $asPEGVALDENORBRE  8Blhitheeptiggess of cbapm 6, wherein the
mayt anginoid is DML.
Ab-PEGs-Mal-DM1 6.8 two-step 08.0
" |Ab-Sulfo-Mal-DM1 3.6 this invention 99.0
IAb-Sulfo-Mal-DM1 4.0 two-step ' 06.7
Ab-SMCC-DM1 40 |this invention 08.6
Ab-SMCC-DM1 3.8 two-step ' 97.0
Ab-PEG4-Mal-DM4 6..2 | this invention 06.9
Ab-PEG4-Mal-DM4 6.1 two-step 84.5
Ab-SPDB-DM4 4.1 this invention 99.4
Ab-SPDB-DM4 3.9 two-step, one-pot 95.7
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9. The process of claim6, wherein the maytansinoid is DMA. 10. The
process of claim1, wherein the cell binding agent is interferons,

i nterl eukwo 2B10(14k568) , i nterleukin 3 (1L-3), interleuki nP¢T(USkO1)N37046
interleukin 6 (IL-6), insulin, EG, TGFa, FG-, G CSF, VEG-, MCSF, GW CSF,
transferrin, or antibodies. 11. The process of claim1l0, wherein the cell
bi ndi ngCBR@EMS i s an anti body. 12. The process of claim 11, wherein the
anti body is a nonoclonal antibody. 13. The process of claim1l, wherein

the antj badyobss o Aing: AL @Qgﬁﬁtﬁﬂﬁkvh%f&ﬂ@@% été The
pr ocess of Olla(grloal rsnlr é%ngrggl}%nt he ar%t?%%d is M9, anti- njug CD2, CD3,

Con, w@%&%}%@@%%@ﬁ%oﬁﬁﬁ%%@% ot edw%[’?eﬂtet Fgrdces%EéﬁR .

E‘fﬁﬁé'v LCQ)&%WE}F%%H e of Cosmtactngiind s & B bl Qe%éggrirﬁg tle 3Mber o1 h the
human or the hunmani zed anti body is My9-6, B4, C242, NI901, DS6, EphA2
r ecept drifuncis] linkgr reagenoNrOvEBtlBtReh the linkeutotiebifeger ontherepbrter
bi vat uzumab, sibrotuzumab, or rituxi mab.
molecule and thereby prepare an unpurified first mixture comprising the effector or the
reporter molecule having linkers bound thereto, (b) conjugating a cell binding agent to
the effector or the reporter molecule having linkers bound thereto by reacting the
unpurified first mixture with the cell binding agent to prepare a second mixture, and (c)
subjecting the second mixture to a tangential flow filtration, dialysis, gel filtration,
adsorptive chromatography, selective precipitation or a combination thereof to thereby
prepare the purified conjugate.
2. The process of claim 1 in which step (b) is carried out in a solution at a pH from
about 4 to about 9.
3. The process of claim 1, wherein the second mixture in step (b) is substantially free of
undesired cross-linked, hydrolyzed species formed due to intra-molecular or inter-
molecular reactions.
4. The process of claim 1, wherein the effector molecule is a cytotoxic agent.
5. The process of claim 4, wherein the cytotoxic agent is maytansinoids, taxanes,
CC1065, or analogs thereof.
6. The process of claim 4, wherein the cytotoxic agent is a maytansinoid.

7. The process of claim 6, wherein the maytansinoid comprises a thiol group.

8. The process of claim 6, wherein the maytansinoid is DM1.
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16. The process of claim1, wherein the linker is a cleavable or a non
cleavable linker. 17. The process of claim1l, wherein the reporter
nol ecul e We 2a1wiadi66i sot ope. PCT/US2010/037046

9. The process of claim 6, wherein the maytansinoid is DM4.

10. The process of claim 1, wherein the cell binding agent is interferons, interleukin 2
(IL-2), interleukin 3 (IL-3), interleukin 4 (IL-4), interleukin 6 (IL-6), insulin, EGF, TGF-
o, FGF, G-CSF, VEGF, MCSF, GM-CSF, transferrin, or antibodies.

11. The process of claim 10, wherein the cell binding agent is an antibody.

12. The process of claim 11, wherein the antibody is a monoclonal antibody.

13. The process of claim 11, wherein the antibody is a human or a humanized
monoclonal antibody.

14. The process of claim 10, wherein the antibody is MY9, anti-B4, EpCAM, CD2, CD3,
CD4, CDS, CD6, CD11, CD19, CD20, CD22, CD26, CD30, CD33, CD37, CD38, CD40,
CD44, CD56, CD79, CD105, CD138, EphA receptors, EphB receptors, EGFR,
EGFRvIII, HER2, HER3, mesothelin, cripto, alpha,beta; alpha,betas alpha,betag integrin
or C242.

15. The process of claim 13, wherein the human or the humanized antibody is My9-6,
B4, C242,N901, DS6, EphA2 receptor, CD38, IGF-IR, CNTO 95, B-B4, trastuzumab,
pertuzumab, bivatuzumab, sibrotuzumab, or rituximab.

16. The process of claim 1, wherein the linker is a cleavable or a non cleavable linker.

17. The process of claim 1, wherein the reporter molecule is a radioisotope.
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