METHOD FOR PURI FYI NG ACTI VE POLYPEPTI DES OR | MMUNOCONJUGATES BACKGROUND OF
THE | NVENTION Field of the Invention [0001] The present invention provides
nmet hods fwo 2pivaiyizng an acti ve pol ypepti de or i nmunocoRrCUgmske /83303 a

sol ution containing the polypeptide or inmmnoconjugate and an acidic

vari ant thereof, wherein said acidic variant is a deam dated speci es of
sai d pol ypeptide or immunoconjugate. The present invention also provides
formul ati ons contai ning such purified pol ypeptides or imrunoconjugates.

Background Art [%gﬁ% 136 FARIFURE AETIV BYNPESAPRE (pt proteins is
a factor for the biop arnaceu; Ieéifﬁiﬁgﬁiﬁé apeutic proteins are
typically produced using prok c cell lines that are
engi neered to express the protein of interest froma reconbi nant plasmd

cont ai ni ng the gene encoBATTKGRODNID @M THRepIVENPIORf the desired protein
fromthe m xture of conponents fed to the cells and cellular by-products to

an adequate purity..e. g., sufficient for use as a human therapeutic, poses
a formnidable EWQL%@WG@%?@OBiOIogiCS manuf acturers for several reasons.

0003] Ma t f t ei n- based ,ph ti : duct t |
R A R R S B P
requi rement s. inl@ueRsHugatShdraayoluti@getndiithiytha@elpipide osinthunadsornaae aaddn Dr ug

Adm ni stration . (FDA), requife that protei.n-based. pharmaceutical. products
R obet ant | Beitie ke FRE P RS R s PO SR e i p D

contam nants pughepdde dFIMmaUASRFjughtt.agTRNp@scANAnwealidraBks ppdvidddefofrR@edak nant
protein and process rel ated contam nants such as host cell proteins, nedia
conponents, vFPYRBES SysRRUEHe RONRSPIIES ASIMMHIOPNIYEARS ous protein purification
schenes are avail able and widely used in the biopharnmaceutical industry,
t hey typical | patkpeduadaran affinity-purification step, such as Protein A
purification in the case of antibodies, in order to reach a
phar maceyo0edl | y aTiwedtgbkeldegtoremaf pprificdtipn pOORd{cke idey ehapneiot hé a
purification chﬁne agﬁgﬁca le to ﬁlgar?icul?n bi onol ecul. e or various
bi ool ecul es PRAFTACHIGH o JYETY: ¢ SHEPRHTGEPEICN s AP LY abugic 14yme
enpl oys the prokaryotic or eukaryotic cell lines that are engineered to express the protein of interest
from a recombinant plasmid containing the gene encoding the protein. Separation of the
desired protein from the mixture of components fed to the cells and cellular by-products
to an adequate purity, e.g., sufficient for use as a human therapeutic, poses a formidable
challenge to biologics manufacturers for several reasons.

[0003] Manufacturers of protein-based pharmaceutical products must comply with strict
regulatory standards, including extremely stringent purity requirements. To ensure safety,
regulatory agencies, such as Food and Drug Administration (FDA), require that protein-
based pharmaceutical products are substantially free from impurities, including both
product related contaminants such as aggregates, fragments and variants of the
recombinant protein and process related contaminants such as host cell proteins, media
components, viruses, DNA and endotoxins. While various protein purification schemes
are available and widely used in the biopharmaceutical industry, they typically include an
affinity-purification step, such as Protein A purification in the case of antibodies, in order
to reach a pharmaceutically acceptable degree of purity.

[0004] The development of a purification scheme applicable to a particular biomolecule
or various biomolecules that is scaleable, controllable, and that strategically employs the

use of particular resins or a combination of resins will allow its integration into product



use of particular resins or a conbination of resins will allowits
integration into product 2 developnent at a very early stage in overall
drug devewopnextis91ZThi s approach to the design of a puri PCtatSzan/ogzshene can
m nimze costly changes to manufacturing processes which nay otherw se be
necessary later in drug devel opnent or, worse, after approval. As the
process is scal ed-up and approaches GV production conditions, additional

i nherent conplexities arise, including those associated with resin packing
and buffer prgpRl@hcfNat o D&y BAVIASE W LRGP UREEES elofRtht This GARRGIH ¥ mean be
i nproved by sinplifying the purification schemme, by elimnating process
steps and maxiesign ¢ig nuhifieaiigh pelemgrrgn privigugst dostlyt ghangiitd eapgfheieraigirogpsiche
integrity and i / i i i fi T ne, it
woul 4 be dosi A o HenkREnTReBSHY Byl T BB MR P LS BERORE
process that @gemprgesdssela-Wrag sppivsthan MR Prodiglon guadifiany, alddiosdfieleyent
[0005] ‘Cne copplaxiiky A%908hakeduMd N LD P [Lgakion, Ofa Ryl BRopLAsct 1
t he mai nt enance of pot ency (i]ﬁrd%gﬁou The puri 5 Cdt’rone process.p ny
factors can c@h¢ rdnufaetutiog proceshcini otk oapatinh)i dant beo im@bvqiobe dyiplifiying| thdi ng
the nodificati 05;% o{E th drug) pr.oduct durigﬂg tthe devel opnent Pr.o es?. ?uch
modi fi cation BYHBELAIEC, Ay LA g, BLCET YRS B BBETIApg, r&‘%g%‘ é'“when
t he protein i grodedtivgyexpilesamehining theeintgtity, amar ppte pf ahddmoleeinld thdids bbiag been
isolated froma.cell is.subject to varjous conditions or buffers. The

br esent i nvenP R IpTBURHES KAt B derah RHne Ry isean o 8 ha Ypberde o
| Munoconj ugatficiehQifocsS@httah ROIGERM @l HiUbGtafeBP Bigh edity atd apty. of the

pol ypepti de or inmunoconjugate, where the presence of this nodified variant
resul ts ilf00h i nhi Br¢ icomPlcRitpsewRiRipdorith HBe fRusigiratipnugl §r ddgcprodisg igpthe
SUMVARY OF  THEallNYENEEDL kAR 1AR uPhe PeificatiBy FidkdsO NMRRP YicREScad cOREP@E Of

purifying a pol ypeptide of interest froma solution containing the
pol ypept i de afd2 alugiéangercinbiition of pospeyh ingdudinggibg mqilEtcation, af thasirug gpdudhe

pol ypept i _de- Ehgﬂ%@hé 'ae%ptlﬂeﬁybl%&ss.t @ﬁc}pﬁl%§§i@£tioinrﬁéﬁwc&9rbt 951%_@5 c&ﬁ%esa_ofnﬂ?& hod
of purifying an active inmunoconjugate, where the inmunoconjugate Is

deani dat ed at proaess.oier paswle, @élie@l lth@_szrotainds \l@m_eg ekmesserbindba Al &f wban rl@_smitls in
an i nhi bi ti ongaf %a‘%%.teé{‘fééﬁa{%ﬁ o éjcénmdbﬁ&?{y Jﬁgiﬁﬁseconﬁﬁ%nmtdﬁg‘l&g(‘ﬂ?He%én@g3

(a) contacting the 1 nmunoconjugate wth an ani on exchange

chr omat ogr aphyvestioni providgsda fisjhod| fut pwifyinlgeanbastimel pplynemide onjimganecohjugate t he

Al EX chromat ography . matrix. wi.t h a hi sal t fer, thereby separating the
pctive | mmunolBi BN Cobtbiee Pl Bt At Rhurb gL D HpBERRiALLR

i nvention al sohprow glesne ofehibhowbddied pardohticisulg ia ap inhilfiti@din poleypegithdfndr om a

drug product.

BRIEF SUMMARY OF THE INVENTION

[0006] The present invention provides a method of purifying a polypeptide of interest
from a solution containing the polypeptide and an acidic variant, such as a deamidated
variant, of the polypeptide.

[0007] In particular, the present invention provides a method of purifying an active
immunoconjugate, where the immunoconjugate is deamidated at one or more residues,
and wherein the deamidation results in an inhibition of potency of said immunoconjugate,
the method comprising: (a) contacting the immunoconjugate with an anion exchange
AIEX chromatography matrix; and (b) eluting the bound immunoconjugate from the
AIEX chromatography matrix with a high salt buffer, thereby separating the active

immunoconjugate from the deamidated variant.



sol ution conprising the polypeptide and an acidic variant of the

pol ypepti de, where the acidic variant of the polypeptide results in an

i nhi bi ti omoab1zpasEnacy of the pol ypeptide, the method comrpritskeg/04352)
contacting the polypeptide with an ani on exchange (Al EX) chronat ography
matrix; and (b) eluting the bound pol ypeptide fromthe Al EX chromatography
matrix with a high salt buffer, thereby3 separating said pol ypeptide from
the acidic variant and producing a purified polypeptide. [0009] The

| nvent i orodggf ther POkl 46y fisTBlRRE: @nohiofdplodtifl; PYkfdGRIRAbURGRI e or
i mmunoconjugate froma solution conprising the polypeptide and an acidic
vari ant of t heolpginygeapripige thet rdypeet deomgidicsyatignt ¢fghe pelgprptiia gvherpethe

pol ypepti de or ..j. : j i : i al..cel i t

Dol Ypopt i do orclEVHRAEMNERR Gl AR Th & 1l pAOAG\ BERIGEDEGRIE BE,
t he pol ypept i dethod dompriniog:o() Legathesinigr thm rotypeptatet with ain @wdd sxchpmde (AFEH) di ng

t he pol ypeptide or, i naconj.uga (solated fromithe inclusion badies, (d)
cont aet | g t neeBhsbaP SRRRGER! oL SNk Hhst DAL PSR B3 TS &
with an Al EX clironegapiaphtyixneéthrd kigh astdoyfte), teéreity segartiives saalpdypeplidepiept i de
Ut for -t her e SBOIT FTH AN RE I BB S fnocon] ugte from the.

sol uti on.[0409P10] | nTigeint@ition e preehks a nidieodad oducingrd putifiel olypeterlgiodat ed
variant. In further enbod nentsr.betmeen.aboutl75 t a?out. 9% of tE@

aci dic or dealfUSIEaVYEH Lo &Sl HheRPERTS g TR BEPﬁB“%L'f‘P £ 8L SATBY 8EBEs, in

particul ar ab?@!%r%e%ﬁ%, tROMeth8S omBUe: 85 YrodA6ite (R P6ypISHkest iR UnododREdE The

AlEX matrix o e invention contains quaternary amne or tertiary an ne
i on exchange §r dlpderial cglh thdshneiryessati the Pegpenyle Op IMMHNeeeriugHts EnivdHitiRent s,

the Al EX matrip¢lukidn GoSi8PORERSSK: tht QO BpTaE oPRANBRBS 68 (Oforh ISR RNIcH@At e of
the invention is eluted with a linear or step salt gradient. In certain

enbodi ment s, f{héctpldigdhe reyreptideaesi iBmunpeonfueainiwhiesk fran diennalasean batics; {3/ HC1
pH 8.0 to aboyf,390; 1 %B%o bfon TEdnBfirfiel thePpbiBpdptidd 0P MnARBon kRN NRGE | n
Tris/HCL, pH 8.0 t0 about 275 MM ﬁaéi In T?%Q?%él,opH 8.0, 3%§fron%about
192mM NaCl i nATEX s/chomatqerep8y 0 magrigboad 2bb  aiviing Cthej nbopngd s /ppIEREPtIIE 81 0.
[0013] 1 n one;abedbiioke rlASPRIRPERbHAS. A MIHEQFANMEALS fred I
i nvention conbrlsegbgﬁgg%{éﬁodi or gﬁ%&gg%.lpt Ing frag ﬁ% Pﬁe?éo??bﬁhere
the anti body purifsmgitipgrolypieptiticrog ifimagprentgte foprthsedutmnFab, a Fab', a
F(ab') 2, Fd, a sjngle chain. Fy or, scF a. 4.disulfide linked Fv, a V NAR
donei h- AW 0Ghar, syt oGt p Pt i Ay R VR 5 g
t et rabody, a tmbathaehts, etvdicalubadyt, 75atosaboglt £9% arfetha aaidici drodbymidD-vagantFe ab,
mAb2, a (scFv)2, or a.scFv-Fc. |Ln certai.n enbodi ts, i bedy, or
ot Laen b nat 1 PRy pir el oGRS f pEBRRARER B, G RV
surface recepbe, 973,,0B%r 90%. f urt her enbodi nents, the anti body or antigen
bi ndi ng f nt ther conpri.ses a VH and.VL sequence, where the VH
cequence MEITe cor DR AR FERS oG et BN R EGT s Neghes Tehl « he
VL sequence i sxchelgRCirbahsf bQflatchRrgbAHd CONSbSI, i 18 kehhin FRBolilhdNES the? AT
12-15. matrix is Q sepharose.
[0012] The polypeptide or immunoconjugate of the invention is eluted with a linear or

step salt gradient. In certain embodiments, the linear salt gradient is from about 150mM

NaCl in Tris/HCI, pH 8.0 to about 300 mM NaCl in Tris/HCI, pH 8.0, from about 175mM

NaCl in Tris/HCI, pH 8.0 to about 275 mM NaCl in Tris/HCI, pH 8.0, or from about

192mM NaCl in Tris/HCI, pH 8.0 to about 245 mM NaCl in Tris/HCI, pH 8.0.

[0013] In one embodiment, the polypeptide or immunoconjugate of the invention

comprises an antibody or antigen binding fragment thereof, where the antibody or antigen

binding fragment comprises a Fab, a Fab', a F(ab')2, a Fd, a single chain Fv or scFv, a



[ 0014] I n anot her enbodi nent, the pol ypeptide or imrunoconjugate conprises a
toxin, where the toxin is selected fromthe group consisting of:
Pseudonoraie 2ereationdizn, ricin, abrin, diphtheria toxin aneg¢Cssaeiitssseher eof,
as well as botulinumtoxins A through F or variants, or derivatives thereof
In certain enbodi nents, the Pseudonobnas exotoxin, or variant thereof has an
am no acid sequence selected fromthe gtoup consisting of SEQ I D NGs: 16-22.
In a particular enbodi ment, the inmmunoconjugate is the CAT-8015 i nmunot oxin

conprising the SMHHE EﬁédwbélV'NAled01§§Q einq NQ an ﬁﬂqbédgean\'ﬂgGSW'atmlﬁ)ifoo@EQ | D

NO 2. [0015] The invention also provid onposi tioh conmprising a purified
|nnunoconjuga?é%%@%;h@mh@sk,@ﬁaﬁoﬁemwééwdabb@n@@@%mwndm§b6WtDI@GBEﬁ@ﬂdated
speci es, wher Nniugat

descri bed aboggﬁQT%ggF@gg%gﬁgﬁgﬁych% ?@e 8@%k ﬁan ou?yggéﬁﬁggﬁ%g@g@b
10% 5% 4% B@@n@ﬁ&nmmzﬂ@ﬂb&ﬂ@hﬁﬁﬁﬂﬂ@ld&h@dtbpedi wﬁwaesenmrnﬂﬁDéérﬂmln

embodi ment s, %Q&l e n@o%?rhén'tsoqlel ésnt1%0(§lh2[an?%enubln&1 fra npnce%ll%ereo %Pr%f)) CS as\h-l?g a

purified polypep i cal acceptabl e
carrier. [00lejdrve seqmmm; wﬂaerea]hes\ziHmeqnﬂnohes salecfte)d fmﬂnahe gioue oonpisiisd ofgSHQ ng/ L

CAT-8015 in 2 sodiu hosphat e, 4%.suc 8%

pol ysor bat e Sngg§8§$?a%lﬁegi”wﬂ%m?%¥fﬂg$ éﬁﬁ%gp s, n?ﬂ@gpgﬁﬁﬁfggﬂ%h i's

| yophi li zed. BQﬁmﬁpihe invention also provides a met hod of nodi fyi ng t he

bi oacti vi fap ptide sol utjon conprisin eptide. and a.

Geam dar dNEr | anf D PRER O RGER e F e R bk B o ECRTE B § 687F r om
the deam dat edh¥@rthamkindy skledte@lfrofl tHE icfiip AbfXstiah @B RPRY exodhieh, GRIMI Ni ng
the purified pol ypeptide and deanm dated variant in fixed quantities to

obtain the dedmibdimBinsse o gl sypurity dhssenfyaseprli Hebosgingm tgrins Agyough F or

2012/ 015912PCY{4a203 14 Qtamd tRrBR! B cERCRhRING, O AddkdRAW NGRxin, or
[0018] Figure 1. A %raph depicting an ion exchange chromat ography :§IE%%
profile of a variant thereof has an amino acid sequence selected from the group consisting of SEQ I

NOs:16-22.  In a particular embodiment, the immunoconjugate is the CAT-8015
immunotoxin comprising the VH-PE38 subunit of SEQ ID NO:1 and the VL subunit of
SEQ ID NO:2.

[0015] The invention also provides a composition comprising a purified
immunoconjugate having less than between about 25% and about 1% deamidated species,
wherein said immunoconjugate is purified by any of the methods described above. The
composition can have less than about 25%, 20%, 15%, 10%, 5%, 4%, 3%, 2%, or 1% of
the deamidated species present. In certain embodiments, the composition is a
pharmaceutical composition comprising a purified polypeptide or immunoconjugate and a
pharmaceutically acceptable carrier.

[0016] The invention also provides a formulation comprising 1 mg/mL CAT-8015 in 25
mM sodium phosphate, 4% sucrose, 8% glycine, 0.02% polysorbate 80 (PS&0), pH 7.4.
In further embodiments, the formulation is lyophilized.

[0017] The invention also provides a method of modifying the bioactivity of a
polypeptide solution comprising a polypeptide and a deamidated variant, the method
comprising separating the polypeptide from the deamidated variant by linear elution
AIEX chromatography; and combining the purified polypeptide and deamidated variant

in fixed quantities to obtain the desired bioactivity of the polypeptide solution.



CAT- 8015 reference standard. The pre-peak of CAT-8015 represents the

maj ority of inactive deam dated, or iso-deam dated CAT-8015, while the main
peak contwOnesi®hisrajority of the active, intact CAT-80PETiUSRUNOER4 ugat e.
[0019] Figure 2. A graph depicting the correlation between the percent of
rel ati ve potency of CAT-8015 and the percent of pre-peak in the sanple.

[ 0020] Figure 3. A graph depicting an elution profile of bench-scale
purification of CAT- 8015 by Q Sepharose HP Chromat ography. CAT-8015 was

purified using Q Seph&[&ﬁ?ﬁlﬁsdﬁmﬁgldyﬂ]g WTN gtact CAT-8015

resided in fractions spanning fromD3 to D12
as indicated above the peak). [0021]Figure 4. An SDS-PACGE anal ysis of QHP
| oad and [@18ht e podkursdnph @wph idepieting ancigh exqhargef dheematesmyphy ((Hita profile of a

corresponds t g \tthe) OHP:l9ad Rodlk . E@é}%g%%? o $SPRREIS Ite %{%@r fgg B agéggg}&

pool ; and Lane corresponds to a reference s
Figure 5. Lar gectscadeemplatedf oc abideamulhte CAABEAD, byhile) tBe plvar psds ¢dAtains the

Chr omat ogr aph T- usin harose HP. As shown in the
figure and Taéﬂaje0 qu%lacnm@%tg)#la Tlgd{ét"%\}}lggocgnlt gﬂ? CAT- 8015 resided in

fracti ong0@9] 6, anFjgﬁ're 7. OOQIg]rdﬁhgalnpanﬁg thn cSREtIBACGEE haval hisipsroofit GHRIdtioad and
L7 B0 SRR L 9 IR SoR o Th Rl WPBR: £ o0t °SPons) Lol
7. A grapbo2depi ctiFiguper eegtpiRicpicEaakn ¢lintidd/prbiilo dflisdnclascate fudificitionnf OAT-
Isﬁll\/lékll'l': Ioz\lat ! OQOl%l_Lyaa S%eﬁa%sle%dCLromatongL SAT%%-{SAIWIEEBur?tEed us&nlgré) ephgrzos:erHE
HP. The majority of active, intact CAT-8015 resided in fractions DS, D7, and D9 (the
main peak spanning from D3 to D12 as indicated above the peak).

[0021] Figure 4. An SDS-PAGE analysis of QHP load and eluate pool samples (bench-
scale purification). Lane 1 corresponds to the QHP load pool; Lane 2 corresponds to the
QHP eluate pool; and Lane 3 corresponds to a CAT-8015 reference standard.

[0022] Figure 5.  Large-scale purification of CAT-8015 by Q Sepharose HP
Chromatography. CAT-8015 was purified using Q Sepharose HP. As shown in the
figure and Table 3, the majority of active, intact CAT-8015 resided in fractions 5, 6, and
7.

[0023] Figure 6. An SDS-PAGE analysis of QHP load and eluate pool samples (large-
scale purification). Lane 1 corresponds to the QHP load pool; and Lane 2 corresponds to
the QHP cluate pool.

[0024] Figure 7. A graph depicting percent Pre-Peak in HA Product as a Function of

Solubilization pH as described in Example 6.

DETAILED DESCRIPTION OF THE INVENTION

[0025] The invention provides methods for purifying an active polypeptide or
immunoconjugate from a solution containing the polypeptide or immunoconjugate and an
acidic variant thereof. In one embodiment, the acidic variant comprises a deamidated
form of the polypeptide or immunoconjugate. In contrast to the expected elution behavior

from an anion exchange column, the bulk of deamidated variants elute prior to intact



[ 0025] The i nvention provides nethods for purifying an active pol ypeptide or
i mmunoconj ugate froma sol ution containing the pol ypeptide or

i mmunoconWwogat21snd an aci di c variant thereof In one empodiusent/043ske€ aci dic
vari ant conprises a deam dated form of the pol ypeptide or inmunoconjugate.
In contrast to the expected elution behavior froman ani on exchange col um,
t he bul k of deami dated variants elute yfrior to intact 6 polypeptides under
salt gradient elution conditions. Details of the nmethods are provided
herein. [ 00261)31956 h@ésriﬁldelps‘ait%%%{ Qﬁmé'n co?i@fﬁtohsdeDetallspJfQﬁ@hlgbhodsad?g pronaQEl ein
fragment” are useglnterchangea l'y herein to refer to a polymer of am no
acid resi duesheﬁﬂlﬁe ternms apply to amno acid polyners in which one or nore
am no ac si du S al » nC Gr 8 g

nat ur al I ocC Eur ri ﬁgﬁea%ﬁﬂsoﬂgoypféb&deé \BeFtFC{p N%ertth;lnt%1 El?apﬁyellgélgglﬁlélﬁng%ggneﬁo

aci d pol yner simerchangaablydterpimtd rgfeo ccupolymgr efirdnrioo agd cbsmobsy rfEegerms[aDPR) The
term” am no agrlm%o aCIedf eOr 5 tI'g) 1nn\% iéaolnel: XI‘ l%%lceu?{ ! I n%Cl% TeS1 u%r}t Qeta 1(%1013, cﬁ]e(r)lllg‘(fl dS
asvvellasamnoamcpa}ﬁ san anm’no aci d m het cst%?lft

simlarly to trﬁmeth:abﬂaadohysp@ndmg rmatuipllynoceorrmgi asino Naiduraalv&eyl ammmatungy am no
acids are those encoded b%dttfe %ene i C cg&lq as well as tg am no aci ds
that are |atef HOHMEATEY 4 B IYMEY H ) pEBI T RO CYHR a8 AHE R §MGPamat e, and
0- phosphqe®27i{ ne. Anhdorndtintin@Bad’ ogﬁersrefrﬁﬁsaltymcemﬁn@um@nthbad aifiay acitif)@s sane

basi c chem cal structure as a natural l.y occurrin

ol pha car bon BAL ShBsard PRI A Autn o8 TamDE g grsinr Sl foBer oup.
and an R gr oupatuRIlg occuR@¥DARhb BEIds. nNﬁthﬁtllSiiOB@rrlﬁgﬂirﬁin@@blﬂﬁ aeUhds@Xhélled by

met hi oni ne net hyI sul fonium Such anal ogs can have nodifjied R groups (e.qg.,
nor | euci ne) ofemBEfeif etPdse 3t i el paic Kinshedning yicidse thet nare histes apedifed e 8-

chem cal strug{ab&pasting rd-8drboky O ffald BB 1RGdrfhe. ARG R shaldgget i cs
refers to chen%caﬁlpcolﬁpo%s tﬁat y%gve aa Stl’l?]i%ﬂl}l’@% tﬁa’g3 is di fferer?t from

the general cF&ef Eagonropdsttiat bays the parambasts Aemigal iyeturcigte Fagighy esgyrring
simlarly to anpategal gyalpﬁf;l&éfcfamﬁ TSR uRE oD hyRQEH 1o chh%xﬁ%%@egl afhho

acids include aspartic acid (or aspartate) and gl utam c aci
gl utamate). Pe®iup, anélayl %medgahpmgseam d@rlpmv@neua@tmrgnmsu&femdm mgethighine, and

| ysi ne. [0028# | gt | sARHRAS! 4iRA " anhBe GarP Hiidl h%&ﬁ@@%'gﬁ}@?@%p%%ﬁeﬁcﬂﬁ) or

pol ypeptide o erest and one or “nore I npurit osition may be
"partially pumiOﬂiﬁedI 'beiftide backblongsi by bemnthe aaa]l@baswdcltewmhsnmturm @ naturally

purification ste sucha non-.af f.1 nj. t hr anat o ed herein
or may be obt SMGNEATELTY Pra BoRoureb Rl ST AR ARR AR IR ]
pol ypepti de (etrngture tHaeiscrbfqurerstlﬁarmmermyeralocmpmabsthmnm@sﬁ @dargiab Iac1dulb11tmlnae

“protein of | ArEraseeig © b QB seeFurhimish %l SRerRnhal B0 acid®

i nter changeabirmlutaadsﬁaafcerc;dt @r gspﬁﬁm)@lnﬂ g@ftarﬁlﬁhy]lﬂf{m %ldﬁrrﬁtﬂ:PP@s‘étnﬁly @mtge?ﬁdé
or i nMmunoconj ugat e i ne re is to be purified by a netho

of the invent FORCAFGM ety ﬁ’f"t"!d‘i‘%f‘%crlﬁf%‘n%nd other materials such as an

acidi c vagozpt of T}&e'c@@bosmﬁm (s 53 @fnﬂemh%msdompﬁse{smmp 1@CIfahtEretand ant "
is a variant of a polypeptide_or inmmunoconjugate which
one or more” impurities. The composition may be ' partlally purlﬁed" (i.e., having been
subjected to one or more purification steps, such as by non-affinity chromatography
described herein or may be obtained directly from a host cell or organism producing the
polypeptide (e.g., the composition may comprise harvested cell culture fluid).
[0029] The terms “polypeptide” or "polypeptide of interest" or "protein of interest" and
"target protein” or “protein” are used interchangeably and refer to a protein or polypeptide
such as an antibody or immunoconjugate (as defined herein) that is to be purified by a

method of the invention from a mixture of proteins and, other materials such as an acidic

variant of the polypeptide of interest.



nore acidic (e.g., as determned by cation exchange chromatography) than
the pol ypeptide of interest. An exanple of an acidic variant is a
deanm dat edovarzas12 [0031] Deam dated proteins are tharcChaseohadssgome or
all of the free am de functional groups hydrol yzed to carboxylic acids,
such as conversion of glutamnes to glutamc acid. The rate of this
reaction is dependent on the primary sefuence, three-dinensional structure,
pH, tenperature, buffer type, ionic strength and other solution properties.
| npor t antjhise) t he dgam At hafari R LR Ani Hitﬁ(ﬁgf}'/[%éiﬁd@ orl%aatlhae%nﬁgar dichnt o the
nmol ecul e. As described further bel ow, el n deam dati on can have a
negative i nmpagrocicotekn aacﬂ¢t¢/rimnged Pwo%qusewbmehehremmtogtah@)télmm;the

"anti body" an br oadest
sense and incﬁ %%ﬂﬁgﬁggbgﬁa Agﬁt od?@%g%&ﬁg$&ﬁ$§??&%ghxnﬁiS%Q?ntact
nonoclondﬂmhhtlbod@eﬂmdm@bbwommna¢ﬂanhmbddd@smemmhﬂuﬁ&heﬁ&:anﬂaﬁmdﬂemﬂ

T L ePect C1 C GATRLRAEER (Fehory Rl SRRCLER & AN LRRTLES. 80000 BRI RN
descri bed her@hmrmﬁhﬁ‘msran&bmspemnkmmnamhnhodymmnssmphﬂﬂﬂ@ﬁeédnmmmbmﬁe any

anti body that ha ffer nt .bindin ecrfl tie t he ant.i body
b1 nds too d f PORDHE Bbi EBRELRy Ao’ R BRR bsaEl 5 gkt S BroPglte
antigen or, nhhgoreenyBid deambatich fehaioa nﬁtrddacfog @tne@ihtvb gense 1n{oQ6831bl‘daﬂilb VAs

ant i bodi es an n obulins are us .heterotetraneric coprot.ei ns
o about 150, HO6TI NS Pelenmlsoutic i AR UEHE TAF eeghe (ogeel AP g

two identical airayy (H chalns Each light chain is linked to a heavy chain
by one coval ent disulfide bond, while the nunber of disulfide Ilnkages
varies bd?@REn t heAhewsy BefaMnsthef teams £ @pdkady| ndfdno gPaBRAgiobuiE ot esed Each
heavy and |i ghficrehabdnglia %ehﬁ‘&déﬁQéﬂs@Eﬁd’ln&l}@&ﬁgndcmnﬁ%lﬂ%d?esqv U'ftfll Kgth

bri dges. Each heavy chain has at one end a vari abl e domai fol | owed by
a nunber of cohst@at HNeEIoR. apdkadios). gRelyelprdl n anfedigs.y apyltiysicat dywkpdicat one
end (V1) and aufpsi@nindomml 1Al nilicirRlAgbokack TRE € AR5 Al IRIBEG.0f the
light chain is aligned wth first constant domaln of "the heavy chain,
and the |ight biokaical ertnbtlrél dvivedyn fragmenty gndeicipedtherdia e iterbl IPeRiEiF n of
the heavy chaif,f 'rlE Hrﬁéﬂdﬁ& toalg%lﬁﬁ e A6 b &S i G ed1 efltqa\ﬁ%gn% %e&ﬁ ifikan
i nterface between eavy charn var| omal ns 1a et
al., J. Ml. Beothe amlﬁ)dyﬁﬁtitis 66 difEasi eplﬂ@@otwtyclami belalbewtqd @ the samatdrgefcad.
Sci USA 82, 4§9%n%§%%<§198§%ﬁ oﬁhYern?a eta noglobulln cl asses are
defined on t h& B554PS "6F CRETT %eav nﬁ $ition, and are named I 9G
| gM [ gA[0@3] gE, aNativiegDantibbdied gé:‘nd:l amﬁlumfgﬂoﬂugﬂ& cIaaSSumaﬂj bddicasctaneric

Lo "ona’ ] onoBenbiuS 0P AR T SBoo TR cppitied sh A eniiT e AR s he ec

const ant regiom)ﬂﬁﬁﬁmmﬁmu@haﬂ ammsdEamgngﬁeﬁmﬁhblmk&}ﬁza&mdwCH&nlaﬁdméhe

heavy chains in M.a I E an di es haye. f qur .const ant i on d nalns
o G o, el A RREGE et Fisy UL RESER Tt B gitan R

three or fourcmrtsmaﬂtffer@gl@mmoglmrm@b@pésl iFAcS thedlGt bifce ligitdcHatnalsh Qﬁs are
reviewed, for exanple, in Har|low et al Eds., Antibodies: A Laboratory

Manual , Chapt BgulHy srasedingashapngdisuliidsdiridgeyy fipclt hsayy che) bps ghpiengdiaayagiahle
(1988). [0034}dhan ehMollantd BosiuhsR@Meststant &Sk, Eébh%%qa%ﬁahpﬁ‘as(hfvaﬁ&blb nt act
antibody and refers to the antigenic determning variable regions of an

i ntact anti bodymaiErhes e (¥f) wdtd syt idomgiveth its ofhaeendd elherggnstayt dompip of
limted to Faf, 1fgﬁpcha1 gapgaea mﬁyth@ﬁrtt éaﬂaahﬁd&m B Y htarmﬁaﬂtad tté REA!
anti bodi es, singl"e chain antibodies, and nultispecific antibodies forned
fromanti body clmammhbsion{aoo%]lgmé withr the verishlscdoomi ofathe hmyhalasl’am@hlr
herein refers tlabaagld%tlattg% t%lﬂh\ae'dqg il %ﬁhﬁrf&&%&\% Rfne %H&)ﬁéa@gtchﬂh' y
honogeneous ant| les, 1.e e indivi anti bodi es conprisin

popul ati on aremuménkmmam(@kd@pwtﬂbnlp@$s$m4éS@aﬁmﬁﬁll%ﬁmd@umnwn@ddﬁw@trons
that nmay be prese i . i.hadi e i h
specific and glndﬂéﬂé?ﬁgLQ an g%ggé%ﬁy?ﬂgggﬁ?gﬁwﬁﬁ&%%ﬁg%gggﬁ@%ﬂ%oglé%onal
anti body pr epaneaiteﬁnndsontthabastsyqj‘rthfaﬂ Hegvy clminucbenpdsifibre aed treamainied udi, esMdigiect ed
against different determ nants (epitopes), each nonocl onal antibody is
directed against a single determ nant on the antigen. That an anti body
"sel ectively binds" or "specifically binds" nmeans that the antibody reacts
or associates nore frequently, nore rapidly, with greater duration, with
greater affinity, or with some conbi nation of the above to an epitope than
with alternative substances, including unrelated proteins. "Selectively

bi nds" or "specifically binds" neans, for instance, that an anti body bi nds
to a protein with a KD of at |east about 0.1 mM but nore usually at |east
about 1 uNI Selectlvely blnds or specrflcally bi nds” means at tines that

o v o . o 17~ _r o, g, I ~ oA B



portion of the heavy and/or light chain is identical with or honol ogous to
correspondi ng 9 sequences in antibodies derived froma particul ar species
or bel ongwoagotaisiparti cul ar anti body class or subcl asspPCriiSb@ 10in%s524

remai nder of the chain(s) is identical with or honol ogous to correspondi ng
sequences in antibodies derived from another species or belonging to

anot her anti body class or subclass, as-dell as fragnments of such

anti bodi es, so long as they exhibit the desired biological activity (U S.

Patent No. 4, I7gD af'flg 3%@ EhdsSH0 I§A CBES an%[)&ﬁes DbdrtheAGRLed B8 subH%es

81: 6851- 6855 ( 984 Humani zed" forms of non-hunan (e.g., nurine)

anti bodi es ar saradiy, ri'eGi clg%tlgﬁémnéég@ﬁapd &t andd e nibedicavwehpiah bd gdeldiv ed

from non- huma t are

g T T B e b A e g

Ey pervari ag: eancegHAN aruff thie Hea‘r}edlaplsentlgm adr @ﬁ:jamibcﬂitﬁylgavgsfgmuwsthﬁmegmn
ypervariabl e regio n peci e onor anti bo uch. as nouse,

rat, rabbit or nﬁ%n Lbn}glh przi’ %%[3 r@@??g%ﬁﬁs h egiTad s?)vgcqn |V%:{|1%b§ iR e and

and capacity. three @oiver aomsthrarre@sns fmammspbobklin etguonne @ERjuncmn a:ienwm%dt fme

human 1 mmunogl obul i n c b or I espo esi du
Fur t her nor e, g XARDS 2%3{331% ‘%cf’z Eg éﬂg F‘ Q%&ag?f&f}z a%tF Il% 051‘flound
in the recipi Spﬁng&mrb@(ldtyo@fory Eold‘@rﬁgmﬂrboa(ﬂt%bpdy These nmodi fications are

made to further refine apti rf, nce. e humani
o body I3 oo ase RS e TRRGE  gromicBel i apyiet aTop Y Han e y

two, vari abl etlaeaitiRSnic detemilhiah V@iﬁdbldl‘égl%hmtaﬂ Mikth@ lahtyooay I EQ@fmﬂld%Q)f antibody
hypervari abl e | oops correspond to those of a non- human i nmunogl obulin and

al | or subst affﬁgfé?qt%/m&lulde’ol?“tt%‘e npiREMyEE ¢ falyFa8h Fednih antniinglgtBBuFY n
sequence. TherhugiN, 7iRchr aRitoRRENIRRE diafanti¥odids! AndahQs iR h®RARE fbrRREt @
portion of an imnunogl obulin constant region (Fc), typically that of a
human |mmnogfr@@wmtll?PdYFE@ng@?ther details, see Jones et al., Nature

321: 522- 1986) Thﬂeﬁﬁ h%ﬂ&l(‘ﬁfal Qilltlbodgf\"a&suﬁs%d %@1%1113?&6@?09211( !n%ﬁ%}ly oﬁﬂgled
Prest a, . Struct. Biol : . foll owi ng
revi ew art| cI é@m@mpnbﬂ@r @frwb%arxtllathehlomMn@uﬁ ant\b&é\mme éwanmdvﬂrltd@tnbodmn

Al l ergy, Asth

Transacti ons g%nlﬁ‘fg%g}f Qgéoél la%f%gé)l&éﬁ-‘céllj%gﬁld) rg% %)Siﬂslegn%.l@rafr?}p Q%}.rmg%utanoﬁs
5:428-433 (1994) may (beme]smt 'ihumraer amduintso dylondcinalnantibpdies g@é@léswm@n aadn no
aci d Sequencebm at C e an Qr? nggrtﬁeomtrhaltn c%];l as? toanotl tfona cdl uceedargt ons tha
and/ or has been éltl@ U] ot "'fe tectn uRS” F o rP’p]hB

ant i bodi es astypically ashdle hleﬁfefrem anfilbuidées digdettad 1agammst (dfffeaerimdmnmams tnpdypes)

specifically exe | ude i body c r n on- human

ant i gen: bi nti f5 PR daeL Mg BB ReRte SRR e RTRF e Thy o

"conj ugat e" otntibodyseddceixdly 'birdls" uUs eghedificatly rbindf eficand maatlfeomﬁlbud)dreﬁéts ar

derivative thereaof that is lipked to cel.l bindi ent ér g

anti - CD22 ant PBTYCLPORe LGHERY - PRET BB 3 %f%at?ﬁedg%ﬁ@g Weh greg rn%fflf“é% or

formul a: G L- AithWagk &dombinatio W AhO¥bdve th ah éﬂltﬂfi@ﬁhan&ﬂﬁl AlteingBlk | subitided) g

agent (e.g., anti-CD22 anti body or_ anti bod ment ) | nmunoconj ugat es can
al'so be defi n8Y!Ug{Pet HECIHEh Y €S or REICE Yl ’é‘%r%re S@Pﬁ@?aHYAPIEdSc MeIH AT The
term " cyt ot OXiftan& thafit MkiBFdyHiRBRNE praddin WBd KIesrak Radt@h& 9. 1AMV bRURSE ance
that inhibits or prevents the function of cells and/or causes destructi on
of cells. Theuttelvyel kast gbardedMt oSelpetivalyeindsdiob apesifieally PirdspBsanseat gimes

At 211, 1131, flem, aIMi%Qd ﬁﬁ&s&@’a ﬂ?@t%i%&vt tlﬁﬁg-%h aa{];&@at least A%%gt @I‘HM @dBth@ICt' ve
i sotopes of Lu), chermt erapeuti c agents e. nmet hotrexate, adriamcin,
vinca al kal oi @i Qtvfi)thﬁlfrtilmslaméeast\/ﬁh@bﬂ %t@l iyl or g@t@poéﬁe@l@lﬁe ofitheseaisines identity

mel phal an, m c t i ng
agent o, enzymea vt RpRloRlL RN girk RN B htefle BhRE o0 BE6R 3
antibiotics, amtdbOtlmhahsccgutzbs aslrr@nedll mmsw:remcztble in mmertharmne@pmmtl cal ly
active C9uiRE Of DAR! Shiidlic, RGR\ e AR RLuANIRhRE | BliBgil Nl WHIAY,
fragment s and/ or vari ants thereo nd“the Vari ous antitumor or a I cancer
agents di scl opediobef thwheﬁwaamwloeﬁg}ofchmynx)tdamcal agie ot lsonaiedoud &, cooatpoadieg not
limted to, abrin, ricin, Pseudononas exotoxin (PE), diphtheria toxin (DI),
botulinumtoxin, or nodified toxins thereof For exanple, PE and DT are

hi ghly toxic conpounds that typically bring about death through liver
toxicity. PE and DT, however, can be nodified into a formfor use as an

i munot oxi n by renoving the native targeting conponent of the toxin (e.g.,
domain la of PE or the B chain of DT) and replacing it with a different
targeting noiety, such as an anti body.



[0041] I n sone enbodi nents, the toxin is Pseudonobnas exotoxi n. Pseudonobnas
exotoxin A (PE) is an extrenely active nononeric protein (nolecular weight
66 kD), sworet2dsday Pseudononas aer ugi nosa, whi ch i nhi biPC3/yscail®uis24
synthesis in eukaryotic cells through the inactivation of elongation factor
2 (EF-2) by catalyzing its ADP-ribosylation (catalyzing the transfer of the
ADP ribosyl npiety of oxidized NAD ont®d EF-2). [0042] The toxin contains
three structural donamins that act in concert to cause cytotoxicity. Domain

la (am no aci geﬁuéncgssg) aftBakiRl 88ived! flond 'arlghﬂﬂlar @?&?és N Idelch 'ﬁlg ne a??a'rtﬂ%lar

253-364) is responsible for translocation into toso and domain |11
(am no aci ds a0kody Jjasyredisehcdass, ApEle thsorylamdpropt @16 @amﬁ@azsuéwtrrcdcw@h 0P,

whi ch t f

vl ch | nact VAL GLIS 10 S AR SRURES Rk by RRN B W HOBEL 9L 0TI 1
am no aci ds 3659@@; tocanthbreantibbdyt dahs i sthmlass kowsll af fragratsoxisostt a}ntlb%es,
Siegal | et al, %0n§ tl?eypgggfbltmhf: Zdesugd]b Zi %c %g‘gvlité/( J(‘J9§919a’ten¥ 9]%4;? 8]_8 67: an%lh

Pseudonpnas eXxo nt i'nventi onh 1 nclud
native sequenbdByrioyteod/oRioc. NatagBth& USAt&ieéSﬁ&BBSﬁe(l%@)Jence and

conservat y nodjfied.variants E and its cytotoxic fragnents.
oot ot ot dOETLY ot sl B aP nel b [ eyt SRS B T hout
subsequent pr eitolit that @htabt ﬂleﬁmplrs@ql&asd dgived fivlenchaugah imelhog@uln. Foas a
protein or -protein oxjic.fra nts of P cl ude. PE40, . PE38, and
PEos. PEa0 | eta iRt Rbumtied] SRbryS BF TR mslobUgI GiREt PLET 1 o
art. See, Pai wich@siduefrro® a HypérkarR®RAesiSE bf HSACipRB 33 9&16d byl Blilhes ando et
al., J. Biol. Chem 263:9470-9475 (1988). PE38 is a truncated PE conposed
of amino aci d& WBgvaERlcaitgiondf s nan-pymaainegiss Fonopphoy) sickms ppause, rat,

car boxyl -t er Mgk of KGAIRA p %atEEa&@gm@a@s%@Epe@ldvﬂ% a@ﬁm@omda%l@&gsmkl owed
by am no acids 281-364 and 381-613 of native PE n one enbodi nent, the
cytot oxi ¢ fr agentesHEREWosk mgon shRYresipEs f the hymgp gmispenekqbylimaieceplecas bbe
activated to b(‘;r?esﬁaﬁfdghg%n%uhfah%éf&féﬁl RLARERRE Gulb bl aRibS &k carl O8dsH:A " PE

i erJnOCOI’lj ugat e I mmunot oxi n®™ 1Is an | erJnOCOI’lj ugate or | nunot oxi n
conpri si ng anreidu¢sobetyargrnop eungean the mgipagnt fan@lyﬁmtr ip Heg derfor gnabogly PEhasexi n

or variant t hﬁlroﬁ catEleQA'Ql %{adep%{] fB%ﬂngreﬁﬁ‘e gﬂyoql pf)érﬂﬁ“m%ce' anHn}?e(ﬁQIQl uﬁ@t e
froma conposition conprising t ypepti de and one or nore Tnpurities is
meant i ncr eashwyartited a;hag@daerlf CCpnprlse yulgstantitily pbby pelshitdme. mdt typicelonprosi ti on
by renmoving (¢cQ antlm t ur i fromthe
compostti on. - S eptalfisoom PEOLHEbebs @i ER of MR SR D Ind e
wi t hout the usethode cfim naﬁfhumahymmlun@gmiudlglampﬁiyombpann[amﬁdlﬁ])frﬂheFReanmthose
"chr omat ogr apggrl refers to t rocess

et ogr PR Bk PRSI R R Rg, M nd Ry el Shriclh NG sd
di fferences i Bom@isesat ahst‘aﬁpbﬁi@ntohen lﬂﬁdﬁﬂdgﬁ)ﬂjiﬂln saktdhtasgiof (Hhaypitailyuhig offbgr at e

t hrough a stationar i er. the | fl uence of a novi
bi nd-and el ut BB ERRERglo e 97 Mror i P A By 37 ans Lfange
chr omat ogr aphyiech@i®r & of. ONGRR 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-

n a

596 (1992). See also the following review articles and references cited therein: Vaswani
and Hamilton, Ann. Allergy, Asthma & Immunol. 1:105-115 (1998); Harris, Biochem. Soc.
Transactions 23: 1035-1038 (1995); Hurle and Gross, Curr. Op. Biotech. 5:428-433
(1994).

[0038] A "human antibody" is one that possesses an amino acid sequence that
corresponds to that of an antibody produced by a human and/or has been made using any
of the techniques for making human antibodies as disclosed herein. This definition of a
human antibody specifically excludes a humanized antibody comprising non-human

antigen-binding residues.



chromat ographi ¢ process in which a solute of interest (such as a protein)
in a mxture interacts with a charged conpound |inked (such as by coval ent
attachnerwd 20/@590l i d phase i on exchange material suchPCiats2ea1h®43504 ut e of
interest interacts non-specifically with the charged conpound nore or |ess
than solute inpurities or contamnants in the m xture. The contam nating
solutes in the mxture elute froma coelllam of the ion exchange - 12 -
material faster or slower than the solute of interest or are bound to or

excl uded 60’3@!:'“ the Tl?tsieﬂn r"ﬁhlﬁﬁﬁo\égnjﬁgaté"h& '%9111 Héa@e"o(gr ‘*nlﬂn%fl@t%;un” al gghdeﬁ%qgﬁnge
chromat ography” specifically incl'udes catian: exch ange, ani on exchange, and

m xed node chraratcogeapteynd of DdagtivEHberpHitiee é lTnkgﬁtOe&@etﬂamybngme@tr(ﬁgl, an
refers to a sglj éD?E%ﬁﬁo ga‘% ﬂ(agmgﬁgtﬁ%ﬂﬁé!@'a}{d ?J‘@effﬁﬁ}@] (gr genencafo‘% _exchange

resin) or positive nion exc esin arge
may be provi dedicioin @Ftcatﬁhcvmg Loninkoar, andrAe= Giaﬁlbgﬂdlglagglar(dg ngi-Cha2 smtﬁhOdy
phase, e.g h val n Al ternativ dition. the.charge
y b an't ey Eon St Pihel e B Bty Bhne bR bRl el o
sili ca, whi chrdvase mdemsAeILa] I negatl ve charge). [0049] An "ani on exchange

re5| n" to sol id, ase wh ositive us havi ng one
mor e JOERT; o) Srtand RGeS Re RS e IR b Pt TS cog
| | gand attac heﬁilbﬁt@ ok pesvead t}d fnﬁtme of utlisahlder Tcﬁhsé@ﬂmrﬁhﬁ)naﬂlcelﬂﬂ crhexfﬁina@ge

resin can be us such uat er nar am no gsoups G0 avai l.abl e

ani on exchang¥'" ?“ggfi H’smicwg? E?gjé qSJFéséAg‘ 'Pdrod! Pi PI’ %lg i‘b HQ
20, HQ 50, D 5@ Pé?narﬁn’adnbmiv&l@mpég 8fTBuy), SRErh@Rdribui@ Egéﬁﬂﬁl rh@ﬂio&@xathbnOQ
M ni Q Source 15Q and 30Q.. Q. DEAE and ANX Sepharose Fast Fl ow, Sep har ose

H gh Perfor maﬁ@@mlmglwmlmwrgﬁwm@b@tgmlmr@@é@m@%am? H’é‘*é’%“e) WP
PEI, WP DEAM WBm{MATC f &idPardbucll; dRaoRIbicidAd ro%?llﬁte%ga%nw drReRk lanfA
from Bi ochrom Labs Inc., UNOsphere Q Macro-Prep DEAE and Macro-Prep High Q
from Bi orad, @egra%t%thegp@érswhqs pesloohitie ylyaesD apEagtics TRRds Bng | SURh ghdmpls

DEAE, Spher Odﬁ?&le'cl?le AR or éﬂ%&%ﬁl\l’e tB}gns %céﬂﬂeﬁlﬁ lllet %PQHMS&%HE Q
from Pall Technol ogi es, Fine Mesh Strong Base Type Type

Ani on Resins #eHdDOREMONCERIMER 2Hamy thareefk aishéhs earionh afltlltbmplDQWalltll me@

2800, 1 om M M BorrophRER £ s B Rt e dhtle AP R e a‘gﬁ?ﬂg& oge!

ENMD DVAE f r onrlEND, ricAnt&eddormenase stoteinr ORIY, alifihdrriexetianBé),sbatylpem| toamd ok |

DONEX weak and X ger Di.ai.on weak
strong ani on efg lgél)qurls therw? % a[nilp, © [%ol |%§I??rgmlgﬂ§ tom()\lcampclﬁldS% gel
Q and DEAE 5PWhbinalty Bﬁl\@l :Hjlaut d’aa;tﬂpmaglh liGtrpexti€xy6 BB aind 680 Mwandr, @506 mQAEe50C

and 650S, DEAE 50 650C from Toso 52. 23,. DE32, DE5S1, o) DE53
Express-1on D' %é’i?gd PeYs %ln&‘fﬁog%%a%ﬂwhg %d]gweéﬁrge@%ﬁ (ioglpﬂﬂ%g,gfhf’s
nmeant a non- awxeD(ng rm?drﬁdin( 14 of wRi @hthemeclain BDDF) ahdrgeailg @avitsa caferadher e.
The solid phase mag a ]%glri fi Catbi%P columm, a discontinuous phase - 13 -
of discrete pEf‘rr%‘?“B 8’§letya ADFAREIOSY filter etc. Exanples of materials for
form ng tipenpol i d phasee ichbbaidRNPOkNS asehad ifd@&lobasmheﬁcﬁo;agam%d@ﬁ&as
cellul ose); and other mechanically stable matrices such as silica

control | ed pof¥giadsiE) ﬁ%Pwétm%méﬁw\?.w%@m%%n (Bolequr yeight Qfekm

cer amc parti %c%ed%}@s@ﬁ‘ddn&b%ﬁd MR iRsa, aﬂi{clpiﬁlhfﬂah@p@{%ﬁy@rnth[egg’ﬁlleluﬁi&?yotticeéém\.s

"specific binding" as used herein, such as to describe interactions between
a ol ecul e of tirengdrthasinaciivation ofj cengeiondasior 3 FFa2)o! Gaplysingss MRPTibgsylatien er s
to the generally, g%@&ﬁgﬁrmﬂgm@ rQ)fosﬁnR)‘ié?)f 6t idfed NUBLESER D, @ |i gand
t hrough the conbi'ne fects of spatial enentarity of protein and
| i gand stiet ur es Bie doxm rmntaips sihres éf@mmr@ld doyingihs éh?éc@qfoglt aencertf or geuse
hydr ogen bondi Al ORRARIE (JhE GSips @%éfﬁlemas dar bMﬁfﬁgthﬁﬁﬁeﬁ Fhinb e
bi ndi ng site. e greater the sp atla enentarit e str nger the
ot her forces agidg 2@3 Bidnds mgpcsnslfw for hen&jpoaadzremtwhel cybsoltfh@ &inmai Ag (amino
specificity o it . I n I t. | es
of “speci 1o broigh MR syRls Ao EESREN) BEakh et a2, b SROHP,
bi ndi ng, enzypetdofaicdanses loelhdéaﬂg,Theefhadtioh@ﬁdmhzahél:b (acnnno LNA 3661“3@9)’ugma1ns
prot ei n-DNA bi ndi ng, regulatory protein-protein interactions, and the |ike.
[ 0052] The term "non-specific binding" as used herein, such as to describe
interactions between a nol ecule of interest and a |ligand or other conpound
bound to a solid phase matrix, refers to binding of a protein of interest
to the ligand or conpound on a solid phase matrix through el ectrostatic
forces, hydrogen bondi ng, hydrophobic forces, and/or van der Waals forces
at an interaction site, but lacking structural conplenentarity that
enhances the effects of the non-structural forces. Exanples of non-specific
|nteract|ons i ncl ude, but are not limted to, electrostatic, hydrophobic,

“AZz 1 r



[ 0053] A "salt" is a conpound formed by the interaction of an acid and a
base. A salt useful for the invention include, but are not limted to
acet at e (WOogo12/e8mum acetate), citrate (e.g., sodi um ciPCTAISe)11/0¢3%20r i de
(e.g., sodiumchloride), sulphate (e.g., sodium sul phate), or a potassium
salt. [0054] The term "detergent” refers to ionic and nonionic surfactants
such as polysorbates (e.g., polysorbatéd$-20 or 80); pol oxanmers (e.g.,

pol oxarmer 188); Triton; sodi um dodecyl sulfate (SDS); sodium | aurel

sul fate; sodi ym.a6td hltlwugﬁ Qﬂrgeepartl cff'r'tr Xrlmno a@ilﬁ B@t W0, canl deRRIeRM itho@ 1oss of
stearyl -sul fobetai né; |alry nyri sﬁzy [inoleyl- or stearyl-sarcosine;
e

| i nol eyl -, rryﬁYtQHOVIICHY e Sewl}lef-cﬂet]aﬁl Chd«’nadﬁéalﬁﬂﬁi@b‘}?@ﬂ))ﬂ%% cocami dopr opy! -
| | | -
i nol eami opy Px]eﬂdO(nd%w Ey?qtt Skin g@% gﬁglo%edoﬁl)tﬁé E&%E’Jn? Rkt a)glr1h§1ude| the

ost ear am opyI et al ne ri stam

pal m dopr opyI n@tw@rsequ@wt edotaxt di@gnclpsyd)ﬁihmivy kaqicme; a@@dha@matmetlhyiodﬁbdoyl -
or di sodi um net h | e Tm se W]:a

| ndustri es. | n%rlamsl:p% na; 1ve E’ﬁ Jlte cy?ou)sxm‘r Prflgraeentt %Aio%%ﬂcl S ents 0 bnc{ & such
as pol ysor bat élOQ@w(ﬁEH\EE:I\byZ@()mQ )Vltthror pﬂihyismubﬁeqeerﬁ@rc([éﬂl@EdEMr%(er pjlocess[n@OE)S] A

"buf f d t t t t h
n pH by the sarer SeP 2 ST g iSRSl FrahoR of B2 inih e BEAN9°S
conj ugat es cormw)eﬂd BE3NaIPE4D)u§ a liufda@dsdetiontivbef PR piceidudlin d@scﬁﬁﬁdhﬁ(ﬂle()afrt t he

pr esent inven n the desi uf and t he
particul ar st ngP‘?f Whathcth 5% o&‘@gé&%gééig %92? sléonﬂoc%l"ée P t he
Preparation amdethszess@ﬁﬂBgﬁs 988') nPBssolls@gmﬁadtecﬁy@&&ﬁgfosemfrﬁlﬁ@abms&ss 3edl.

Cal bi ochem Corporatl an Non-limting exanples of buffer conponents

that can be ud¥t %1061éd>r€ﬂlﬁ%\re CESH Y &y kD gadpydrigraninab fragment of BE campeyid

invention i anPQMe@&@ﬂo@Jﬂ@n 280 toigted b3hhﬁinlo%ﬂa@%pk‘@ﬁﬂﬁ@%@bl@%ﬁ%iv@'FEbllflf ers
such as ammoni um acetate, succinate, MES, CHAPS, MOPS, MOPSO, HEPES, Tris,

and the |ike, orseriRadimens thapitords fiagmens P Ehscapimres. FRIS i 226 erorpphich

mal eate, chl oroaceldldfed th QL gﬁ&%xm@@rﬁiﬁﬁh?roc% RRIVAMA LecriPYT 1 di ne,
pi perazine, ADA, PIPES, ACE ricinée, bicine, TAPS,

et hanol arfftdd] CHESA @/EPSnmmchMW’her “BEpl@rninmowém”owbm irmardcdnjugye voni c

d, lact
rEprs, reppoo aoySit AR, Min Al s P LR IR, kAT Aeorhy EYEALNE! N
benzyl am ne, Drvmnthbretreafr di net hyl or et hyI or phenyl am ne,

ethyl enedj gy TRRRRLLNS AR T GRBATER! fiob 3T h T RN R
present |n a buffer ed é”(?:) AP PETRIIEEC 1984 STBUT T er
i oni ¢ strengtthe pslytpbptﬁls asd)ohemmtdnd: mmpuﬁaes sndamnmsealsingtl&: c&gtd:e pf)puzrﬁs bithe

chl ori de; and ther add| ives | ani no CI d t%} lgéyg ne and

hi sti di ne), 818‘??88%§“ %88“’8%51 {ﬂne% "B eh ?Oénp(% fY,horaga t | '“35hehifii t ol
gl ycerol, andnh;ﬁmiz}ylfroa{ Ql&l']@d)ﬁlposdﬁ)ﬁl.em@e(ﬂtiﬁlg(tS)eﬂ’leS[stS’eﬁt Inventivh, pugficsiopsiich as
sucrose, mannltgqﬁ cﬁmé tre Iag!gqe.] éﬂ‘l ucose, and fructose). The buffer
component s anBCTHYEFY MY r’l’&e? ety §€Bd, can vary according
to the typeiepf chrm&@gwmu@f@ﬁw £@4s ionthd bl@cdswﬁmﬂcﬁra solnRQT64tdhe in a

"l oadi ng buffer” is that which Is used to | oad the conp05|t|on conpri si ng
the pol ypept i GEXHISIIPRBtegrirqmh poFeofuteiiy agpistss and Fesulf Abdifeieness S & he

ion exchange G@&fhRhe HARidu@RHnes Hhé afixthRSmidr&O hedGh aVitdtdnA) HhQiunP fh&Wch
that the pol ypeptide nolecule of interest (and generally one or nore

impurities) i drarbiepania meyingibasconr BRENAAYEIUIIEPNSEY- - 15 - such that the
protein g 478t er estp kows "Joﬁ' Qéh%ge' h’ﬁld?@bh' M BnbRBobRPMf tdrgs BiMmd to

t he resin. 057] The term "wash fer" when used herein refers to a buffe
used to Wash ghtrom@tographlc process in wh1ch a solute of interest (such as a protein) in a mixture

interacts with a charged compound linked (such as by covalent attachment) to a solid
phase ion exchange material such that the solute of interest interacts non-specifically with
the charged compound more or less than solute impurities or contaminants in the mixture.

The contaminating solutes in the mixture elute from a column of the ion exchange



equilibrate the ion exchange resin, prior to eluting the pol ypeptide

nol ecul e of interest. Conveniently, the wash buffer and | oadi ng buffer may
be the sawo,202ut1541ki s is not required. [0058] The "el uti eaThiskdienisse¢ used

to elute the pol ypeptide of interest fromthe solid phase. The conductivity

and/ or pH of the elution buffer is/are such that the pol ypeptide of
interest is eluted fromthe ion exchandé-resin. [0059] The "pl" or
"isoelectric point" of a polypeptide refer to the pH at which the

pol ypepti de' s pasiit tue: &@?or“e? ﬂtaa'tﬁek%ﬁﬁe bt ﬁqteﬂegal Artlﬁo&ta% O€ exdMlde %npﬁe

cal cul ated fromthe net charge of am no acid residues or sialic acid
resi dues of atasiicFéadive atp bibhysdhudt e)§ leteresih ' [qrotxgange | dheorpptogranhy b eperalicatiyi ned

by [ soetect 11 g eUSNFech A8CRY o LAGL A nATRRE U Sk :AR 07 exchange

material is nmeant exposl ng ol ecu to the ion exchange terial under
appr opri d0@8tondi t TienphrégsHlico nmlnangevmat@lalé ucfhrStﬂoatt sazlhlephmet doulie nbgtively
reversibly i b|| @ed i n,.or the |og exch al by VlrtUE%

ed e, a CatIO exc € _TICS Sl € e, an anlon
i onic |nteracf|o% &t Ween t ecu aa arg% grOUp or "char ged

gr oups of themmmmTéx@hag@3mﬂhé@mwmbdbf@@ﬁﬁmgynémaﬁhnm@hg&hmynmﬂoﬂxﬁhhmge

material is nt as n n pri.ate . buffer. t rover th
exchahge hatep 2%$§m“3B%F§“Agwﬂﬁlga R Téﬁﬁlw g??ﬁ’v E

i npurity) fromheﬂanu lﬁﬁp@oycd“famealﬂqﬂlem @lg., 18 igarhset for mﬁm)\:oeudhhes abloeell e
therefromby alteri the ionic strength of the buffer surrounding the ion
exchange nat ePFRIVSUEH that the buffer conpetes with the nolecule for the

charged 0049 on t e "indsh KYAIOBCInTRIFEE tod soh& 9%3M&hu§muivelytchegw asent
di scl osure and clains, the singular forms "a," " and "the" include

plural forns {HIESNC HemersELYCly Fleéquwgapet %taeseddt%epvﬁ%posmvely charged

ligand attached to the solid phase suitable to form the anionic exchange resin can be used,
such as quaternary amino groups Commercially available anion exchange resins include
DEAE cellulose, Poros PI 20, PI 50, HQ 10, HQ 20, HQ 50, D 50 from Applied
Biosystems, Sartobind Q from Sartorius, MonoQ, MiniQ, Source 15Q and 30Q, Q, DEAE
and ANX Sepharose Fast Flow, Q Sepharose High Performance, QAE SEPHADEX™
and FAST Q SEPHAROSE™ (GE Healthcare), WP PEI, WP DEAM, WP QUAT from J.
T. Baker, Hydrocell DEAE and Hydrocell QA from Biochrom Labs Inc., UNOsphere Q,
Macro-Prep DEAE and Macro-Prep High Q from Biorad, Ceramic HyperD Q, ceramic
HyperD DEAE, Trisacryl M and LS DEAE, Spherodex LS DEAE, QMA Spherosil LS,
QMA Spherosil M and Mustang Q from Pall Technologies, DOWEX Fine Mesh Strong
Base Type I and Type I Anion Resins and DOWEX MONOSPHER E 77, weak base
anion from Dow Liquid Separations, Intercept Q membrane, Matrex Cellufine A200,
A500, Q500, and Q800, from Millipore, Fractogel EMD TMAE, Fractogel EMD DEAE
and Fractogel EMD DMAE from EMD, Amberlite weak strong anion exchangers type 1
and II, DOWEX weak and strong anion exchangers type I and II, Diaion weak and strong
anion exchangers type I and II, Duolite from Sigma-Aldrich, TSK gel Q and DEAE 5PW
and 5SPW-HR, Toyopearl SuperQ-650S, 650M and 650C, QAE-550C and 650S, DEAE-
650M and 650C from Tosoh, QAS52, DE23, DE32, DES51, DES2, DE53, Express-lon D
and Express-lon Q from Whatman.

[0050] By "solid phase" is meant a non-aqueous matrix to which one or more charged

ligands can adhere. The solid phase may be a purification column, a discontinuous phase



[0064] 1t is understood that wherever enbodi ments are described herein with
t he | anguage "conprising," otherw se anal ogous enbodi nents described in
ternms of woaneiEsding of ' and/ or "consisting essenti al | yPofi/usasia/ oaidsgo

provi ded. [0065] The term "and/or" as used in a phrase such as "A and/or B"
herein is intended to include both "A and B," "Aor B," "A " and "B."

Li kewi se, the term"and/or" as used inld-phrase such as "A, B, and/or C' is
i ntended to encorrpass each of the following - 16 - enbodi nents: A B, and

C A B or Gy éis&Ete%arti%le@ la 'ﬁlend%ragl'é & fifkraid ]&amﬁ‘ie?%@ nBiterBlsaQH f&:mn'% the

(alone); B (alone); C (al one). Pseudononas Exotoxin and her Toxi ns
[ 0066] Toxi ns edid mbaserrpllcwgdquysmhmeusb@dﬂesaswgamg ﬁrrde§elﬂulos|ehvem iadhert o

vi el d i mmunot gxi s, X URLE ik NSWUNCLUIGIEL Ol DG BENSRAQ) T oxi 0

and subunits ereof,” as wel | otul'l num toxin roug oxi ns
are readily ayey(sabinedivmghbaeeneepdyalylavide, cemniepgticlesSingrigriChend ¢fadny of
Conpany, St. ho% Sve. Mbo.). Diphtheria toxin is isolated from Corynebacl erium
di pht heri ae. crnis the lectin RCA60 from Ri ci nus comruni s (Castor bean).
The term[@dp ref eETlences 'tspedific Bmdinghtas Ltskrelhenafn lsoch exampberibs éteratdidss Pat .

Nos. 5,079, 163 and 4 9,40 Ri S commu a nin occurs in
b 1 or e deahGNATEH RERHS SR EEANS S ERRDIaA 4P SR MRS (ST S ght s
of appr oxi mat géry:ra% raveaksidl? Gikdg 6fes patdin \Oe linteredi to holh@ﬁm tl&oBg}aﬂnstcehihmed
Bi ochem Bi ophys St Act a 66 543 1972q) The A CQ g_ s responsjble for
i nactivating protiePh syt f ALl RGN Ugangrtrugiuren &1 ¢ Bndigg S ci n

to cel |l -surfagspgal et a&erosteﬁé ﬂiﬂ@@ @ﬂ%g&ﬁ@bﬂdlﬁgaw&opﬁo@r&sm%i a@fi/of b drchain
into the cytosol (O snes, et al., Nature 249: 627-631 1974& and U.S. Pat.
No. 3, 060, 165)Waa{scf®r696] s Hinding titgybke greaierdhy watialiempleBintar HReEaNEF i us.

The toxic prifgidegSorc@E iR thdidd sit6, th@?l@at@ﬁ whﬁw&h@bﬁaing%p@cﬁtmt%mmot@ﬁ from
about 63 and 67 kl) and are conposed two disul fide-Iinked polypeptlde

chai ns A and B itFHespActa§aligang.- rm@rblilmgmsreé%rémlﬁs el fhepiEls bindinehiacipdesatiody-

(abrin-b) bingdg; fkeﬁ’bﬁ%dﬁlg' &%&rﬁé?ut{s@été Qﬁﬁﬁfn E&&Q&Bﬁﬂimd@% nftkal mn'“c%lau@l ol .
Chem 52:1095 (1988 A snes, zyrm

335
[0068] I n pref @Nﬁeblnélnbn@im% @ﬁdmg}éemmmowwmﬁl mteracties, midnhm 11?«%

PSGUdom)r[@(%Z] The term "non-specific binding" as used herein, such as to describe interactions

between a molecule of interest and a ligand or other compound bound to a solid phase
matrix, refers to binding of a protein of interest to the ligand or compound on a solid
phase matrix through electrostatic forces, hydrogen bonding, hydrophobic forces, and/or
van der Waals forces at an interaction site, but lacking structural complementarity that
enhances the effects of the non-structural forces. Examples of non-specific interactions
include, but are not limited to, electrostatic, hydrophobic, and van der Waals forces as
well as hydrogen bonding.

[0053] A "salt" is a compound formed by the interaction of an acid and a base. A salt
useful for the invention include, but are not limited to acetate (e.g., sodium acetate),
citrate (e.g., sodium citrate), chloride (e.g., sodium chloride), sulphate (e.g., sodium
sulphate), or a potassium salt.

[0054] The term "detergent" refers to ionic and nonionic surfactants such as polysorbates
(e.g., polysorbates 20 or 80); poloxamers (e.g., poloxamer 188); Triton; sodium dodecyl
sulfate (SDS); sodium laurel sulfate; sodium octyl glycoside; lauryl-, myristyl-, linoleyl-,
or stearyl-sulfobetaine; lauryl-, myristyl-, linoleyl- or stearyl-sarcosine; linoleyl-,

myristyl-, or cetyl-betaine; lauroamidopropyl-, cocamidopropyl-, linoleamidopropyl-,



exotoxin (PE). The Pseudononas exotoxin (or exotoxin A) is an exotoxin
produced by Pseudonobnas aerugi nosa. The term "Pseudonbnas exotoxin" as used
herei n reWversimsa2ful | -1 ength native (naturally occurr iPag)USBH1085524 PE t hat
has been nodified. Such nodifications may include, but are not limted to,
elimnation of domain la, various amno acid deletions in domains |b, II
and 111, single amno acid substitutioendd4-and the addition of one or nore
sequences at the carboxyl term nus such as KDEL (SEQ I D NO 3) and REDL ( SEQ
ID NO 4). See I al . Chem 98 In a
preferred enbmglhﬁtegl%{domo %1 cyt%athgigllo @10 1agm::((r;;rt o%%%%?%r%gg%mlﬂ%ast% 2gO% -
17 - prefer ablayrom%omﬁwb pmefigpmidbprontl-, | awbnidgaopylandr m@@tew@w@p@mﬂy 95%
of the cytoto n I 81 r ,

cytotoxic fraéfn?eltﬁy){an%%nfotgiut\ﬁgxn?%h%lh%ﬁ Adtﬁgﬁéﬁﬁﬁ %‘g@§fm? F{\?{em seu om)nas
exotoxin A (PMONAQEMT&{tSEmveqworacdeIathmnﬂ%atemSOpr otlei WSanbtiecngbla&r iei ght

66 1cD), secreted b ud I h i
synthesis in 801 Saorrb"é(g |S%C%c PPe’ aﬁ% ngll]v g%)or g %Oégat? S mvﬂg%gﬁ n
comonl y [6656] gned N"&ff@aﬁsed Nothe preS@2 u@@ﬁ;onnmmlmmnahadesmmmgebw pH by

f hod of tiyvat t
cl ongat on 1 agtora0y eresfS oyl g Sk EPRS cobiGes SRR Ay itk ne
that act in comfes tart i @apswddy haha@kidCafttye pﬁwmimemt&n(camndmgam ttls ddsik$2)

T anel ocat  onPHiit ohe HEREGHBE pArket Rt B IF e a6 e e Sotpre faguide ©"

medi at es ADP Fdrb@gyPrapdr@idnOhndelURagat Bofer aﬁtBﬂblo%walT fS?stf:ﬂdQCGhﬁﬁoﬁ’f pdogmi n | b
(am no acids 365 399) remmi ns undefined, .al thoug arge part of it, amino
aci ds 365- 380! a]@éﬂ‘ih%’é Comnosttien <W7t5HoN9n1ha§%ngoﬁfxaw{eéPBkaéqrtcymp@ée@tSSh@gan| et
al ., (1989), 8§&R&@ to ORI HREIEPRLOUEHabIB f6NEMPLES 8N the IiNERSH BBl SdcHee the
native sequence, Kt otoxic fragnents of the native sequence, and

conser vat i vel §itsdhisiidne. wAPIPANE saBmoMym; RéfepEugh @s Rm@os b aeiale sPecrfifent s.
PE variants ugafulcHAPs ReOPIUEOPSONHBPES, AGRCLIPRE k& aMell: 3 28mBhatioR Y WO
2007/ 016150 and WO 2009/ 032954. Cytotoxic fragnents of PE include those

whi ch are cyt dreexil&Ivnehc geidviiaHbumalsefps el oreptetan, ofowwdtst hanzente, qirpmpnate,

processing in a | S o] n

Cyt ot oxi ¢ fraB%re rtleté E@%ﬂﬁ?néﬂ'ﬁeq}g’gﬁ % Eglrsld 35.&[“% %‘ﬁnn pr ef érred
enbodi nent s, tthald%nhaﬁﬁée@ﬂ?@dmmhaurmm pipdiidiec, 6r-b@ci atridna@trbommwd émm fic
cel l blndlng re nt | | e nalnl

4,892,827, al fl(hl %h% |sloécénacgll’ s{l)letﬁgl n|lceva§ gXCyl‘%IXanpl E%P S ]%Datl ng
certai n resi dumﬂaz@ie ghbersil, nPORSO JUuEcinRat TARK). arﬁn5ﬂza’spﬁ5&,nz3ﬂarmne nsinwﬂg&la or

di scl oses that. a nmitate in,which Domai.n |a.is. present ch the
basi ¢ resi due$"5YoNaiS ﬂ]ylll:)a Tat hE)IBgI PP s egylenﬁqf%mmgﬂ)f 81?03135 §9@QP?§}BI aced
with acidic re@np‘hmeﬁs (glduivadyi can &€ ipilgse@rin' anu)fﬁer exhidded, <. Qreat kyh vb tdcaitshed
non-specific ¢ toto Clt : Thi§1trrutant f ] PE is sorreiq}mss referred to
as PE4E. [0073% 1§ FTEHy stCTgay f ‘E”P\P oge.predim Pty G0L IPYAHAER i bed
inthe art, Wcﬁlhndi: dﬁhe@th@naddftw@@@ﬁdm ad anfdfo bélgs nach e A 1ﬂa)laﬁ@u1hsﬁdm§)ee
Pai, et al., Proc. Nat'|l Acad. Sci, USA 88:3358-62 (1991 and Kondo,

al., J. Biol. C@Qgﬁaesie@hg%mre@wkot%éwh appetignpls manpigol, slycersl, japd benzy1

car bOXy| - t er myRadolf r(ﬁz ts ke Replal), Whi cig@ BRhasd dudr8Rl %ﬁnél afshotave
been del eted and t nol ecul e conmences W th a net at position 280 foll owed

by ami no aci dge@@f%gh‘c%d ag@ 1 rgtwebf Thpatoulfer pEmpeEnts #iid apdiipesqragd the
di scl osed, foEorﬁéﬁfﬁHbﬁ's us'eﬁ‘ den SaryPREordMNeSo tiR §P2oPIRodR et I%a8Rdd 1nPt'1?1éE i's

a formof PE where all of the domains 6f native PE are present, but where
t he basic reslfda@s)nof domain la at positions 57, 246, 247 and 249 are

repl aced [WS%P aci d'h?e 'ﬁ@a%ﬂn%%%ﬁm("gg %ﬁgﬁ%lgﬁ isaa%.écfjto 194d t'}'n,Egc)rnposition comprising the
polypeptide molecule of interest and one or more impurities onto the ion exchange resin.
The loading buffer has a conductivity and/or pH such that the polypeptide molecule of

interest (and generally one or more impurities) is/are bound to the ion exchange resin or



[0073] I n sone preferred enbodi ments, the cytotoxic fragnent PE38 is

enpl oyed. PE38 is a truncated PE pro-protein conposed of am no acids
253- 364 amo0 288101693 which is activated to its cytotoxi c PCOrUsRUpORSs24
processing within a cell (see e.g., US. Pat. Nos. 5,608,039, 7,355,012,
and Pastan et al., Biochim Biophys. Acta 1333:Cl1-C6 (1997)). [0074] As
not ed above, sonme or all of dommin |b-dAly be del eted, and the remaining
portions joined by a linker or directly by a peptide bond. Sonme of the
am no porti OnSlR:il tﬁiﬂ%'ﬁ?otclh omerps@ Ag&d ﬁltr@%h tleer%lurﬁlh@hﬁc ﬁl@'ir%%d?ﬁ‘iles &nd tcmﬁ¥
contain the native sequence of residues 609 5), or
may contain aredriati on found to maintain the ablllty of the construct to
transl oc nto t 2] ,

NG 3) ot L peat o 15 B CRh uFkE RS Rephorki xRk iy flea fiRR SER | 0
5, 821, 238; andqblilBaR (ixoHn amham B9h 56430 chiling élel mlyp)ﬁpﬁderm@cbu@ttzfadtermht s,
the PE is PE4 PE40Q. O f i ch non-s cf|
cytotoxicity 3 leegﬂ fm ﬁlgtblel anao Y dm%douffer Imea\\}l/’we]? sﬁllen Wi cet Islllsglr%l I'cant
toxicity to nemuirar get ed cells does not occur can be used in the

i nmunot ox} of t fesent vention s repains . ca

transl oo dMSBh ana B SRR GupPeT onl 5" Sue APGeiRelied PRy dRG8 Mevaly
Modi fied Vari phiss Tok chidub0@i=h@onpi oy thicieleby bufkeiif/are duchahidt ait ®1Ly@bpthle obr
cytotoxic fra rrents %ng EOf have at | east 80% sequence simlarity,
preferably at %%?sts ¢ AL &Py, nore preferably at |east 90%
sequence [6059] | ari tyhe g1 omebelaﬁﬁd poiabl of @bpolypepiide 6% &L EEICat SWhibh! @Ei ty
at the amno acid level, with the PE of interest, such as PE38. [f0076] The
t erm " conser vAPYRAPLIJE RSt Sherga Palances its aggatiyechaes. ot bs sriqwlated frgmathe
nucleic aci d SQQUEBE BB the Wriidd doeRERGBes P sRAE bdi® HsRILe WGk d asbshyarauences,
conservatively nodified variants refer to those nucleic acid sequences

whi ch encode ﬂ@@ﬁ{yp@tmde@rcanbfglewrr@gg%wlis%glchrqug@mngca| ani no acid
sequenceg 006‘6’ ifot "Bfﬂﬁmg" Q. AGkAIIRLSn N LRI ARHAM MR A e REQUGRCE,
to essentially identical nucleic acid sequences. Because of the degeneracy
of the geneti Boksde,to dhd wngechangberatastel tudee tappmpilidty cpriiétins plil/condsceyity) aci ds
encode any gi I SERE;{ %Igﬂ nd
GCU al | encodge/&:\ctﬂ hfe?ﬁa{%{ﬁoﬁgfegg?dq ggérSIBﬁ %‘le,e& 2{3 oﬁgg@g%%n%@ par ere gn

al ani ne i s spetiuf bédnlpyintgracoas ibetwche theondecubcaandlrechatge é gedp tooclaangedtﬂmtu)he
correspondi ng £8 dcorﬁsexglescgﬁlgtgrqalw thout altering the encoded pol ypepti de.
Such nucl ei ¢ acid Varratrons are "silent variations," which are one speci es
of consenfowli vel y Bgadwﬁshmg" ey 1oateixdfasge hueriyl inuclaet pfasa'mg' an sgmo@iacebdtérei n
whi ch encodes atEg:ﬁ ¥86%ih i de al o des Ees every possible silent variation
of the nuclei P"4E"Y ed?ng’?? fEC Wi ria ecogni ze that each codon in a
nuclh_ei c E[G(';ﬁd] (exgepct "ﬁlh];@',' dé\hiolebule(fgr Cbo:cT@l‘ef)ti@é 6Ihﬁlil[ﬁ]|ﬂ1|t}2 ﬂz@doml foﬁrel:xchange

met hi onine) can be nodified to yjeld a ctjon identijca ecul e.
Accor dingl y. - BAAEKT Rk ' grh e ol IR D el G B She

pol ypepti de i sufféuirGiddidghtheash cd@shsd Redrisieqide Mg thd B0fef] Aspk@s afihn@e aci d
sequences, one of skill wll recognize that i ndi vij dual substitutions,

del etions or %tﬁctﬂieé‘?tshet%la‘é‘%ehﬁﬂéqsépéhed@i‘ grehangsimagrsial nol ypept i de, or protein

sequence [Mmfh al t ¢ Ssedaddie pres@eliREBSurd afd BIEnG, ﬁi@ﬂ@gu@a@lf@tn%r"aa 'afBlahd
percentage of am no acids in the encoded sequence is a "conservatively

modi fied vari ahe"ingiadyrurehiorn) yndesathesantedclparly diciytos yhesyitst i tuti on of an
am no aC'[Gb()W] th a ghemgaldo¥d Sthif Labre®N AR RAGhGts are described herein with the

language "comprising," otherwise analogous embodiments described in terms of

"consisting of" and/or "consisting essentially of" are also provided.
[0065] The term "and/or" as used in a phrase such as "A and/or B" herein is intended to
include both "A and B," "A or B,” "A," and "B." Likewise, the term "and/or" as used in a

phrase such as "A, B, and/or C" is intended to encompass each of the following



[ 0078] Pseudonbnas exotoxins enployed in the invention can be assayed for
the desired |l evel of cytotoxicity by assays well known to those of skill in
t he art. Wwbusei2/ay4iet oxi ¢ fragnents of PE and conservat i pelryuscadiofised

vari ants of such fragnents can be readily assayed for cytotoxicity. A |arge
nunber of candi date PE nol ecul es can be assayed sinultaneously for
cytotoxicity by nmethods well known in-tlhe art. For exanple, subgroups of

t he candi date nol ecul es can be assayed for cytotoxicity. Positively
reacting_ subor@yRim@:t REBCAALAAL B, HOEELYL €5 ACHT: DB of AW ARL I wfHBAS Vi ded
and reassayed until the desired cytotoxic fragment(s) is identified.” Such
met hods al | oweidkpi Al (Bercsdhiclgelind @fgenchunbers of cytotoxic fragments or
conservative variants of PE. Anti-CD22/ PE i mmunoconjugates [0079]1In one
enbodi ment, the polypeptide of interest conprises an anti body t hat
specifically Biqudem@BdRZxotv:GD2aRE Othef €vxsnt 0 a | i neage-restricted B cell
antigen belonging to the Ig superfamly. It is expressed in 60-70% of B
cell lynmphomas and | eukemias and - 20 - is not present on the cell surface
in early [8i6apes ochBimBeb:in d’ichelhmqnymén\tvitloranﬁlﬁbdﬁsem del pb=senBdayengorg.to Wi ckus
et al., Git..Rev. ot []ﬁj nfa t 367 297% é L n anoth(?r "
enmbodi nent , tHlémM%lEp *§EPEY | %E%?r%‘%‘ﬂ‘ T 41k 2RHPT BBAYCTE SGHEAPY HAY B nds
CD22 (e.g., FéaRrcofras sefyv) bothRQBO{cARS lASﬁﬁbu@EFETlﬁbse tdxéns tagy readiBilvhilaBl220m i n

reference to an antij bod refers t i bod ifically binds
0025 and’i mor Btk Sikice ko cYigmt ne e e R Dl had [kt cppo.

I n sonme enbodisorkdStrort h%rﬁ@zzcumna dpniiepke 1EoR2is SHE Neclif TIUABN ﬁGEﬁZchzAusa one
enbodi ment, the anti bod% L ener at ed agai nst human CD22 synt hesi zed a
T ORt

non- pri mat e nERHFEYMIAEGAS otRFCET®AISP Aelrepers tee mlan&fth@m&\%m@ﬁlp&codes

human CD22. | gecaufdiphihRibs. &0 8BRS 4 689“@)lpﬁichQ:‘s’»%rhﬂﬁmPEgglﬁ{n%{ g@@A)' Sofs CD22
anti body i mrunoconj ugate that conprises the PE38 exot ox n.

exanpl e of a 0P PEES dengARIcBRf ugitdeRE4 nCATBEIS to dvér malé@ﬂ@rnwelghts of

I nternational , | 41
W2003/ 27135, s$’31§5t§1r§1’% e q% L9, %Hggtgl‘%géﬁ\g%gmgﬁ& ]y%\%é{ﬂ.‘] :%%eg’p?géoé’th 1on No.

2007/ 0189962, Aatkt|26éf54%19dﬁ))a?1@ hesah@mns reﬁmnsabbfr@t e@cwtln@pm@mwthe@wn@ow
i s a recombi ngpt, g'éEﬁk'“?ﬁeO%chH%Br&B&' H%ﬁqgggz%fa‘aé BN OO oy dffa§1ﬁ{<1{5§”t

based on the nurine anti - antib used'to a truncate or m of
t he Pseudononasnsesadvdsticr’ plragt aitonthe @E@SQI (Dhecsant il- Caze Py9:627aghefit7Dondi st s
of two domai n% %t\/ 0@@@6\5/ where the latter was nodified to inprove
binding to the uman ]t ‘get. The CAT-8015 protein is conprised of two
i ndepend4ea67pol ype@bmrdmsl,udetshexm/lecmhsaﬁrdfm UBEQplddaldeiu2 ) The avxdc piiveipid, aivai &),

fused at the g term n S Lo t he 1£E3§ rl n %)VI—{I-@E%%)@(%&(I\Q NO 1). ther
VL and VH PE3 %élaﬂnéln BE 2 DYPAHF$RCE TORVESH St Y 2 2Y PSed PR S
7,541,034, 7, BobdiOllfde- Hﬂﬂdd 2)6%é&1]i89%1&ABﬁd B. WAl dhsin Wehisitsdeste@neathésis; each
contain engin e gl?f ﬂ?u t hat %OI‘IT&'[IO of an
i nt er ol ecul aﬁ“’“ '%/ﬁﬂ U?fa S t‘? ‘I‘Cé%ffu‘?sgd%ﬁ%?ee HRASY, et st‘lé’b' F%?ﬁe&ﬁ t he
fusi on prot ei 52:103Q3248Thad WRMRS 12hds ERAWSNGO:390-38He 9¥4H.P38 Subunit (SEQ I D
NO 1) of CAT-8015 js ) ) . o
[0068] In preferred embodiments of the present invention, the toxin is Pseudomonas
exotoxin (PE). The Pseudomonas exotoxin (or exotoxin A) is an exotoxin produced by
Pseudomonas aeruginosa. The term "Pseudomonas exotoxin” as used herein refers to a
full-length native (naturally occurring) PE or a PE that has been modified. Such
modifications may include, but are not limited to, elimination of domain Ia, various
amino acid deletions in domains Ib, IT and III, single amino acid substitutions and the
addition of one or more sequences at the carboxyl terminus such as KDEL (SEQ ID

NO:3) and REDL (SEQ ID NO:4). Sce Siegall, et al., J. Biol. Chem. 264:14256-14261
(1989). In a preferred embodiment, the cytotoxic fragment of PE retains at least 50%,



the fol | owi ng: MEVQLVESGGGLVKPGGSLKLSCAASGFAFSI YDVBWRQTPEKCL EVW/

AY| SSGGGTTYYPDTVKGRFTI SRDNAKNTL YL QVBSLKSEDTAMYYCA
RHSGYGTHWEOLFEYABASTLVTVSAKAS G GPEGGSLAALTAHQACHLP LE PCEUSRHRIBRONEQ
LEQCGY PVQRLVALY LAARL SWNQVDQV | RNALA S PGSGGD LGEA | REQ

PEQARLAL TLAAAESERFVRQGTGNDEAGAANGP AD SGDAL LERNY PTGAE FLGDGGDVS FS
TRGTONWIVERLLQAHRQLEE RGYVFVGYHGT FLEAADS | VFGGVRARSQDLDAI WRGFY | AGD PALAYG
YAQDQEPDARGR! RNGALLRVYVPRSSLPGFYRT SLTLAAPEAAGEVER

- 21 - LIGPLBL F@PA.EE%@@REI%&% 2 ARRT b LSNP HIRRMY ferably _95% of the
GGDLDPSSI PDKEQAI SALPDYASQPGKPPREDLK (SEQ | D NO 1) [ 0083] The }I,3E38 seqguence

i s shown in beytetoxigid of hativiei Rig lard mestariei@ried nibedipertwdhencytdiexisy/fragoatiin and

t he PE38 domajn._j.s.: . | i ned. [0084] The am no acid sequence of the
VL Subunit (S “%%’“ﬁl%%?a%%%r 8015 is the fol | owi ng:

VDI QVIT QT TEBREASL GORAMe SCRAB G BN NWHQOKPEIGF K ek iremely active monomeric protein
YYTS| LHSGYPSRESGSGRGTN S T S ECEREATYFCEONT) PV, EGEGTKLELK, (5RO L RNO 2)

[ 0085] I n further nts, 0 "aci d seque mai n of
t he i mmunoconjygiatie in sukanetioteltshEhd mtivoREgquence is provided in commonly assigned

VEVQLVESGGGL V! S FS| YDVBVWROTPEKCL o
AYI SSCII;TTWP%K#?‘ %E‘%ﬁ?@%ﬁ Eﬂ‘weme- The method of action is

RHSGYGT HWGVL FAWERXIL MTWEA DPSTEQs ¥ 1R dN@fG)ongation factor 2 (EF-2). The exotoxin contains
,Xsl\lgéVCIISTESGEI'IYlY\F{WKPCXBS?I WL KLﬁs mSszA %%dﬂm@g% ég%EKﬁa/ﬁWEV\X/toxicity. Domain Ia (amino acids

RHSGYGYNWGVL FAYYE XmblidtbY SR (3E&hg. DODKRIA) 1T (amino acids 253-364) is responsible for

translocation into the cytosol and domain III (amino acids 400-613) mediates ADP
ribosylation of elongation factor 2. The function of domain lb (amino acids 365-399)
remains undefined, although a large part of it, amino acids 365-380, can be deleted
without loss of cytotoxicity. See Siegall, er al., (1989), supra.

[0070] PE employed in the present invention include the native sequence, cytotoxic
fragments of the native sequence, and conservatively modified variants of native PE and
its cytotoxic fragments. PE variants useful in the invention are described in US 7,355,012,
and WO 2007/016150 and WO 2009/032954. Cytotoxic fragments of PE include those
which are cytotoxic with or without subsequent proteolytic or other processing in the
target cell (e.g., as a protein or pre-protein). Cytotoxic fragments of PE include PE40,
PE38, and PE35.

[0071] In preferred embodiments, the PE has been modified to reduce or eliminate non-
specific cell binding, frequently by deleting domain Ia as taught in U.S. Pat. No.
4,892,827, although this can also be achieved, for example, by mutating certain residues
of domain Ia. U.S. Pat. No. 5,512,658, for instance, discloses that a mutated PE in which
Domain Ia is present but in which the basic residues of domain Ia at positions 57, 246,
247, and 249 are replaced with acidic residues (glutamic acid, or "E")) exhibits greatly
diminished non-specific cytotoxicity. This mutant form of PE is sometimes referred to as
PE4E.

[0072] PEA40 is a truncated derivative of PE as previously described in the art, with a
deletion of domain Ia of the native PE molecule. See, Pai, et al., Proc. Nat'l Acad. Sci.

USA §8:3358-62 (1991); and Kondo, et al., J. Biol. Chem. 263:9470-9475 (1988). PE35 is



MEVQLVESGGEL VKPGGSLKLSCAASGFAFSI YDVEBWRQT PEKCLEW

AYIl SSGEGTTYYPDTVKGRFTI SRDNAKNTLYLQVISSLKSEDTAMYYCA

RHSGYGT TWEOLPRYMBRGTLVTVSA ( SEQ | D NG 8) PCT/US2011/045524
MEVQLVESGGELVKPGGSLKLSCAASGFAFSI YDVBWRQT PEKCLEW

AY|l SSGGGTTYYPDTVKGRFTI SRDNAKNTLYLQVESLKSEDTAMYYCA
RHSGYGSTYGVLFAYWGQGTLVTVSA (SEQ | D NO-9% -

MEVQLVESGGEL VKPGGSLKLSCAASGFAFSI YDIVBWRQT PEKCLEW

AYI SSGGGTTYYPQ-gyK%MO L %X%%%kﬁﬁm%o acid residues 1-279 have been
RHSGYGTHWGVL FAYWGEQGT L SA (SEQ D NG 10) - 22 -
NEVQ.VESCIIJ.VK@@@SEM.@CME@AFSMM%WR@FP@(@LWOH 280 followed by amino acids

AY| SSGGGTTYYPGTV | SR \ . .
RHSGY GOSNl FAECCIVRVSA. CBRB R tRay ) L OGHAT T niscloped foroyomplay LS, o

t he am no aci Batsbquen@’,08p anhd,39LIUONBE4E ofa fohe df MFuwiscoall vfdcelongingreé of
the follow ng; M 1TSS L [ SCRASODI ARYL NWYQOKPDGT.VKL

YYTSI LHSWPSR%&%&?F@@S%%L@WM@? gEé“?’B“KJQ 12)
VDI QMT QT TSSL SAGLIE0RTHERASHN @ MW QKEDERLL, or “E”).

YYTSI LHS SGSGSGTDYSL I SNLECEDFATYF LPW F El K ( SEQ |  13)
VDI qurqr%@? ASLG%\??W%@F?X%@% e@‘%ﬁf@&? (1< fagment i Embidyea. sb
YYTS!| LHSGVPSRESCHGHEEDYEL frb kb ERROMATE GRRENL K FOOGTKnEI3K1 (SEQhiR NG 14)
MDI QVITQTTSSL SASL GDRVTI. SCRASQODI RGYL NWQOKPDGTVKLL|

YYTSI LHSGVPSRF“—%’(‘;‘%‘@%&E?%X‘PF% D@R‘T%@ﬁ@%ﬁbﬂ(ﬁ% sl efk Y528 TPNO. 15)

[0227] I n cert 8j603,03e35800dhdenRtas ot 1NBiREA BriphyOfict1833.01apAGINj.Ugat e s
a or

[0074] As noted above, some or all of domain b may be deleted, and the remaining
portions joined by a linker or directly by a peptide bond. Some of the amino portion of
domain IT may be deleted. And, the C-terminal end may contain the native sequence of
residues 609-613 (REDLK) (SEQ ID NO:5), or may contain a variation found to maintain
the ability of the construct to translocate into the cytosol, such as REDL (SEQ ID NO:4)
or KDEL (SEQ ID NO:3), and repeats of these sequences. See, e.g., U.S. Pat. Nos.
5,854,044; 5,821,238; and 5,602,095 and WO 99/51643. While in preferred
embodiments, the PE is PE4E, PE40, or PE38, any form of PE in which non-specific
cytotoxicity has been eliminated or reduced to levels in which significant toxicity to non-
targeted cells does not occur can be used in the immunotoxins of the present invention so

long as it remains capable of translocation and EF-2 ribosylation in a targeted cell.

Conservatively Modified Variants of PE

[0075] Conservatively modified variants of PE or cytotoxic fragments thercof have at
least 80% sequence similarity, preferably at least 85% sequence similarity, more
preferably at least 90% sequence similarity, and most preferably at least 95% sequence
similarity at the amino acid level, with the PE of interest, such as PE38.

[0076] The term "conservatively modified variants" applies to both amino acid and
nucleic acid sequences. With respect to particular nucleic acid sequences, conservatively

modified variants refer to those nucleic acid sequences which encode identical or



variant thereof selected fromthe foll ow ng: [0088] Native PE

AEEAFDL WNECAKACVL DL KDGVRSSRMSVDPAI ADTNGQGVLHYSMWL

EGGNDAL KIwORhlS5SDG. T1 RLEGGVEPNKPVRYSYTRQARGSWS PCT/US2011/045524
LNWLVPI GHEKPSNI KVFI HELNAGNQL SHVSPI YTI EMGDELLAKLAR

DATFFVRAHESNEMQPTLAI SHAGVSVVMAQT QPRREKRWSEWASGKVL
CLLDPLDGVYNYLAQQRCNLDDTVEEGKI YRVLAGNPAKHDEDI KPTVI S

HRL HFPEGGSL AAL TAHQACHL PLETFTRHRQPRGAEQLEQCGYPVQRL - 23 -
VALYLAARLS““QéMfam/\I' N AP GERN &fg@ & @-i%l-tﬂ*'ﬁ‘uclelc acid does not encode an
AAESERFVRQGT GNDEAGAANGPADSGDAL L ERNYPTGAEFL GDGGD

FSTRGTQNWI VE%@@%WFWWLE%¢WF@VWCId sequences. Because of the

T L

LGAPLAERTWWI PSALET DRRAVEGRILDREE! PDREQM: SAL ADASHP (GRRIEDLECGSEQITY MO 16)

100891PE40 GGSLA@%-%L CHLP mﬁﬁ%@ \?é%n A eAR Specified by a

L SWNQVDQVI RNAEAS
QGT G\IDEAGAANAEI\MSJ_‘EE%V lahFRNWR T&AR oGling codons described without

%ﬁg%ﬁ% %@Eﬁ%ﬁ%&%&%ﬁ%@?ﬁ%imom are "silent variations,"

VPRSSL PG:YRTSlv'HI.cAAFéEAA@éERloE GhilfbvhtRle A JdohREERGdRbns. Every nucleic acid sequence

ETI LGWPLAERTVVI PSAI P DPR SSI. PDKEQAI SALPDYAS &%%F;&REDLK % D

NG 17) 100901PESE8 Aﬁ@&% %ﬁ%ﬁdﬁ%&ﬂf‘d AR

L SWAQVDQVI RNAhﬁﬂ?@m&de sREQPHQARIAd AAMBEBE) RN a nucleic acid (except AUG,

QXBTG\IDEAGAANGDADSGDALLERNYPTGAEFLGDGGDVSFSTRGT

VERLLQAHRQL EEW@NW@FL@M@&WE@@WWM@MWO“M to yield a functionally

FYI AGDPAL AYGY X ds PROREE. EME%YE[&J—JM nucleic acid which encodes a

AAPEAAGEVERL | GHPLPLRLDAI TGPEEEGGRLETI LGAPLAERTWI P

SAl PTDPRNVGGDROWPSBH D ErplictAp PR AStnerbRREmER ( SEQ | D NO 18) 100911PE35
QL EQCGRyiHY LVALX#%W&@V it that individual

REQDEQARLALTE:AAESERFV P NP AR L R recognize: that individua

TGAEFL GDGGDVSR&TREGTON ME@HR@EER@WFW@HWL@M@ polypeptide, or protein

SR R SR A CRPEORTBrs cotpcs hi

acids in the encoded sequence is a "conservatively modified variant” where the alteration

results in the substitution of an amino acid with a chemically similar amino acid.

[0078] Pseudomonas exotoxins employed in the invention can be assayed for the desired
level of cytotoxicity by assays well known to those of skill in the art. Thus, cytotoxic
fragments of PE and conservatively modified variants of such fragments can be readily
assayed for cytotoxicity. A large number of candidate PE molecules can be assayed
simultancously for cytotoxicity by methods well known in the art. For example,
subgroups of the candidate molecules can be assayed for cytotoxicity. Positively reacting
subgroups of the candidate molecules can be continually subdivided and reassayed until
the desired cytotoxic fragment(s) is identified. Such methods allow rapid screening of

large numbers of cytotoxic fragments or conservative variants of PE.

Anti-CD22/PE immunoconjugates

[0079] In one embodiment, the polypeptide of interest comprises an antibody that
specifically binds CD22. "CD22" refers to a lineage-restricted B cell antigen belonging
to the Ig superfamily. Tt is expressed in 60-70% of B cell lymphomas and leukemias and



- 24 - EEEGGERLETI LGWPLAERTWVI PSAI PTDPRNVGGDLDPSSI PDKEQAI S
ALPDYASQPGKPPREDLK (SEQ I D NO 19) [0092] PE-LR
RHRQPRGVWBQDRIYCGAEF1GDGEDVSFSTRGT QONWTVERL L QAHRQLEERG PCT/US2011/045524
YVFVGYHGTFLEAAQSI VEGGVRARSQDL DAI WRGFYI AGDPALAYGYAQ

DQEPDARGRI RNGALLRVYVPRSSLPGFYRTSLTLAAPEAAGEVERLI GH

PLPLRLDAI TGPEEEGGRLETI LGAWPLAERTWVI PSAI-RTBPRNVGGDLD

PSSI PDKEQAI SALPDYASQPGKPPREDLK ( SEQ | D NG 20) [0093] PE-LR-6X
RHRQPRGWEQL PT%{%E bm %Fe%@ﬁ%[@%‘q}{ %Bkt%ggéﬁgf El-:c@ﬁ; development or on stem cells.
YVFVGYHGT FLEAAQSI VEGGVRARSQDL DAI WAGHY ALAYGYAQ

DQEPDAAGRI RNGAtd. RALY\V/PRSBISPERY ATSLT IRRAPERmGEyRERICl. GH:267-297 (1991).  In another

PLPLRLDAI TGPE : I - -

PSSl PDSEQA SAEVAACHARPERERTIE | SEAT B Nt T b aAF PR i Pl B3Ry -
PEGGSL AAL TAHQB@HIoP{ETF TRHRQPRGAEQL EQCGYPVQRLVALYLA

VROST DRI RN GPADSCEAL LA GREEL CLISVF SrERATEe 0 on antibody, efers (o an
WI'VERL L QAHRQL Bt RGYVINGYHGTFeh IEABEE VEGB\ARARGDIcDAb fdvence to an antibody which is
EL%QEEG‘{A %ﬂ%@%@ R\/Yé;li)Rq_a&S-&}\ﬁL P%;éﬁ]_(‘m /3/1}22 is a primate CD22 such as

| PSAI PTDPRNVGERhIP S5 PDKIRQA cSALRIIYASRQPHEPRRERAYKs ( Snated dNaInR2hurh£1085pThe PE
toxin of the inq%goc égugate,is fused Oé COR%H ated to either é&@kvg r VL
domai n di r ect FXPHSF1Z % oT-RikaFe Jemma Aler RFUREdpte i AfsENA VBICH nus
of the VH or Micod@nintin @22eXmmpiuether enfbddinidaerthd foldepaad bemialowes Con2

CAT- 8015 and corresponds to the am no aci d sequence KASGG (SEQ | D NO 23).

Addi tional |i AKEPLY BRRu9son gt thyf cg@peteathed By X &eHRi ques known in the art.
- 25 - [0081] One example of a CD22/PE38 immunoconjugate is CAT-8015 described in

International Patent Application Publication Nos. WO 98/41641 and W02003/27135, US
Patent Nos. 7,541,034, 7,355,012, and U.S. Publication No. 2007/0189962, all of which

are herein incorporated by reference. CAT-8015 is a recombinant immunotoxin protein
composed of an antibody Fv fragment based on the murine anti-CD22 antibody RFB4
fused to a truncated form of the Pseudomonas exotoxin protein, PE38. The anti-CD22 Fv
fragment consists of two domains, a Vi and a Vg, where the latter was modified to
improve binding to the human CD22 target. The CAT-8015 protein is comprised of two
independent polypeptides, the Vi chain (SEQ ID NO:2), and the Vy chain, fused at the C-
terminus to the PE38 domain (Vyg-PE38) (SEQ ID NO:1). Other Vi and Vy-PE38
sequences useful in this invention are described in US 7,541,034, 7,355,012, and
2007/0189962. Both domains were designed to each contain engineered cysteine residues
that permit formation of an intermolecular disulfide bond. This feature increases the
stability of the fusion protein.

[0082] The amino acid sequence of the Vy-P38 Subunit (SEQ ID NO:1) of CAT-8015 is
the following:

MEVQLVESGGGLVKPGGSLKLSCAASGFAFSIYDMSWVRQTPEKCLEWY
AYISSGGGTTYYPDTVKGRFTISRDNAKNTLYLOMSSLKSEDTAMYYCA
RHSGYGTHWGVLFAYWGQGTLVTVSAKASGGPEGGSLAALTAHQACHLP
LETFTRHRQPRGWEQLEQCGYPVQRLVALYLAARLSWNQVDQVIRNALA
SPGSGGDLGEAIREQPEQARLALTLAAAESERFVRQGTGNDEAGAANGP
ADSGDALLERNYPTGAEFLGDGGDVSFSTRGTONWTVERLLQAHRQLEE
RGYVFVGYHGTFLEAAQSIVFGGVRARSQDLDAIWRGFYIAGDPALAYG
YAQDQEPDARGRIRNGALLRVYVPRSSLPGFYRTSLTLAAPEAAGEVER




Expressi on of a PE i nmunoconjugate [0096] The PE i mmunoconjugate of the
present invention is expressed in cells, such as bacterial cells, and then
i sol at ed woamzmstiasi on bodi es. The PE i nmunoconj ugat e PS®Iust@d/ofiFsem

i nclusion bodies is then further purified using downstream purification
steps. [0097] A variety of host-expression vector systens nmay be utilized to
express the PE i munoconjugate of the-pitesent invention. Such

host - expressi on systens represent vehicles by which the codi ng sequences of

interest may be profugatriasebsettesiipr e LheRTvitEsAlpTB PRAD! €Sent
cel I's which may, WeEsLdBSHIPOREGRASALPD ¥200PCREPREDIK { (sEdGDARD: @pr i at e

nucl eoti de codi ng sequences, express an anti body nol ecul e of the invention
in situ. These include but are not limted to mcroorgani sns such as
bacteri a[0@83y., E. TheoPE38 sBquesedotsishver) introddh 9hdb thedfevewintity #cek kst hetween the

bact eri ophageDNA. - al oD ERA Rhin§ Ld NG, e5Pressi on vectors containing
ant i body codin& geaﬁgﬁgg%?)yeagﬁ&?gg%gkggacélgébnyces, Pi chia) transforned
with recdd$dhant yEasimiexpeidssjuoncevd oy sSaonttabkQ Al NMOL) bOA) Texddb mgthe
sequences; in§§0%h§e|| systens infected with reconbi nant virus expression
vectors (e.g., acﬁfovirus) cont ai ni ng anti body codi ng sequences; pl ant
cell systens infected with reconbi nant virus expression vectors (e.g.,

caul i fl ower nosai c, Vi : [ ' ansf or ned
wi th reconbi nant H%%%%#gmgggggég;§ﬁ£§%g¥%§§g@gﬁ&%ﬁﬁ@%ﬁigﬁ%ﬁgga%Ecoding
sequences; or manmalTarLEsEVPS8ySsteasc e 0.T,I SCOSQE MO YIBIKOGNZ9BWT 3T3 cel | s)
har bori ng reconbin Ssi ructs containing pronoters derived
fromthe genone ofﬁﬂgﬁﬁéﬁﬁgh(égglgg?%$dﬂ, nmet al | ot hi onein pronoter) or from
mammal i an viruses (e.g., the adenovirus |ate pronoter; the vaccinia virus
7.5K pronpter). [009 encodi n ach of the VL and_ VH PE toxi.n (e.dQ.

VH- PE38) Tﬁ‘!ﬁ%ypept i I&egllff#?gNrA PRPY AR T AR ACEXEAEESS 8h RredtoAoByint R ques
wel | known i nithigncRbijugdtORYRY & thyeUbRmg: refers to any vehicle for the
cloning of and/or transfer of a nucleic acid into a host cell. A vector may
be a replicon to which another DNA segnent may be attached so as to bring

about the replicatimgnmfcddrerakbachet segrerhrsvinepiigonkcrefers to any
genetic elenment (e.qg., plasmd, hg e, cosmd, chronpsone, virus) that

functions as an aut TYIRFPT BF FEPPEEAET BT RARKIAMY YRR | capabl e
of replication undgfsdt@rmcorayRebcEontial .(stherbeimevector” incl udes
vehicles for introducing the nucleic acid into a cell in vitro, ex vivo or
in vivo. A large nunber of vectors known in the art may be used to

mani pul at e nucl ei Cuigd 8 sdcBEOkPOE &L e J@SReNAe s el SIBRIS B RERUDL ers, such
as inducible pronoters, into genes, etc. Possible vectors include, for

exanpl e, pl asm ds SUeH @ TFBREDDVEFRPIUCHINASHT &Y HSYF Mt BFESMYEEAL he

Bl uescript vector. oty @XaRLea Y IiBScHNEeId QBEEf 1Hhgo DNA fragments
corresponding to response elenents and pronoters into a suitable vector can
be acconplished by ligating the appropriate DNA fragments into a chosen
vector that has Compl@MRMGALY. EPRESINGBLEAL s AhAMAIINRLYpykhe ends of
t he DNA nol ecul es may be enzymatically nodified or any site may be produced
by ligating nucl ectY HEEEJUEHEESVEFRITKETTINAKNE 6Y LRIES DNE RIEPMYHEL  Such
vectors may be engﬁ%ggr e eankabprSehect abks pgrkere genes that provide
for the selection of cells. %ucg %%?%%rs a ﬁomﬁideﬁ%ﬁfpcation and/ or

sel ection of host cells that express the proteins encoded by the marker.
[00100] The term " e st aney8eboss, &l @hS 8- VBEL Anolasihgyor vehicle
designed to enabl e the expression of an inserted nucleic acid sequence
fol |l ow ng transf or bt Wit PPHEKERISEL SRR KE o nedMyaiies EOTAMY YChe | nserted
nucleic acid sequeﬁ%ﬁ3 LRERAN ti<C22 VH, anti-CD22 VL,
or anti-CD22 VH or %%%%%N?gAgﬁéé?tOX|né’ggggsﬁgﬂyagg?aced under the
control of control elenents such as a pronoter, a mninmal pronoter, an
enhancer, or the |} itiati gﬁﬁﬁ |, segi éyp% whi ch are
useful to drive ef%%gggﬁgﬁhggbggﬁﬁc eﬁ%gggFﬁgFﬁE?%gg%es re§%%§g¥ cell are
nuner ous and fam | Aars3GEATNEY@DSKKERE SRPNARS TaY LOMSS TRUAITAYIYEAY pr onDt er
capabl e of drivin £55] 838, es n : in an expression
vect or, includingg%ﬁﬁﬂaot F&%ﬁgggégo, &?&% (Sggn%?g¥§$ﬁ%acterial pronoters,
ani mal pronoters, mammal i an pronoters, synthetic pronoters, constitutive
pronoters, tissue specific pronoters, pathogenesis or disease related
pronoters, devel opnental specific pronoters, inducible pronoters, |ight
regul ated pronoters; including, but are not limted to, the 5v40 early
(5V40) pronoter region, the pronoter contained in the 3' |ong term nal
repeat (LTR) of Rous sarcoma virus (RSV), the El A or major |ate pronoter
(M.P) of adenoviruses (Ad), the human cytonegal ovirus (HCOW) imedi ate

e



- 27 - regul atory sequences of the nouse netall othionein-L pronoter and
transcriptional control regions, the ubiquitous pronoters (HPRT, vinentin,
13- acti n,woubwdiismiand the |ike), the pronoters of the i RCErUsedilAlzS24
filaments (desmin, neurofilanents, keratin, GFAP, and the like), the
pronoters of therapeutic genes (of the MDR, CFTR or factor VIII type, and
the like), pathogenesis or disease rel-@82ed-pronoters. |In addition, these
expressi on sequences nmay be nodified by addition of enhancer or regulatory
sequences and the like. [00101] The term "expression” refers to the

bi ol ogi cal production of a product encoded by a codi ng sequence. |n nost
cases a DNA sequene/QIGAGELHEE bhelilotiidg S eqaeneds W ROTHEERSEFVbed to form

a messenger - RNA ( miRNAYqccBte vIre s eReeF r R A Re ol s e rahedivt-enf orm a
pol ypepti de product which has a relevant biological activity. Also, the

process of expr essROFEHEESIGNORVECREFH\HESApr(6E8sEP P sltldps to the RNA
product of transcription, such as splicing to renove introns, and/or
post-transl ational processing of a polypeptide product. [00102] The VL and
VH- PE38 p#8ppept i desaddrtiendxqmtedseuits, thecahing acid. sgqyenbact drei Bl doalalnsof thech as
E. co/i. The I ides. are sed, e.g., in E coli cells and

i sol at ed fronﬁ?ﬁ%ﬁ%gégﬁg %3?%%Sﬁ$%ﬁ§g¥%ain enbodi nents, the VL and VH PE38
subunits are expressed in different cells. For exanple, the VL is expressed

in one cell on a f&6f%%&ﬁﬁ%gﬁﬁgggGB%§Q¥Q§EE§%IkﬁY égﬁﬁ%%TbRLEIdifferent

cell on a second vec I'Ach st on om eac I'ne are recovered
and sol ubilized. |nTEIiHEHAYPSRBOodEBRETEY,SIITHSNLAQE NEADYF dundiNes.PAT €

solubilized at a pH.i n f t.. 9.0 to about 10.5. In further

enbodi nents, the i%k#%%ﬁgﬁ%bggﬁgslgggyﬁ%iubiIized at a pHof 9.0, at a pH
of 9.5, at a pHof 10.0 or a pH of 10.5. The solubilized VL and VH PE38
and Vit PE3S subuni o 0L DOT0ST P BERr BBOA e St R L e s PEss
subuni ts are expressedinosdvirersaoecsEldyWTIGNLESEBM TYMECIOONS LPROr exanpl e,
the VL is expressed in one cel|l on a first vector, and the VH PE38 is
expressed in the SEHES e o SE2di P 8¢ emt’ vector. Inclusion bodies fromthe

cell are recovered, solubilized and the VL and VH PE38 subunits conbined to
forman innunoconjugate. In certain other enbodinents, the VL a?d VH PE38

d
subunits are expres T TR LS8 5 R U G ASH DL B SRR e TVRLE

[ 00104] Downst r eam e oimatsographycstepspyara e Epzeeh o dagarepwpuri fy this

i mmunoconj ugate. - 28 - Chronatogra hy Conditions
FGCGTKLEIK (SEQ ID NO:14)

MDIOMTQTTSSLSASLGDRVTISCRASQDIRGYLNWYQQKPDGTVKLLI
YYTSILHSGVPSRESGSGSGTIDYSLTISNLEQEDFATYEFCQQGNTLPWT
FGCGTKLEIK (SEQ ID NO:15)

[0087] In certain other embodiments, the PE toxin of the immunoconjugate is a PE or

variant thereof selected from the following:

[0088] Native PE
AEEAFDLWNECAKACVLDLKDGVRSSRMSVDPATIADTNGQGVLHYSMVL
EGGNDALKLAIDNALSITSDGLTIRLEGGVEPNKPVRYSYTRQARGSWS
INWLVPIGHEKPSNIKVEFTHELNAGNQLSHMSPIYTIEMGDELLAKLAR
DATFEFVRAHESNEMOPTLATISHAGVSVVMAQTQPRREKRWSEWASGKVL
CLLDPLDGVYNYLAQORCNLDDTWEGKIYRVLAGNPAKHDLDIKPTVIS
HRLHFPEGGSLAALTAHQACHLPLETEFTRHROPRGWEQLEQCGYPVQORL



[ 00105] As appreciated in the art, |oad, wash, and elution conditions for
use in the chromatography of the invention will depend on the specific

chr omat ogwaephiz/aredeal/ | i gands used. The process of the i mgentsean/oezsns of
course, be used in conmbination with other protein purification

met hodol ogi es, such as salt precipitation, affinity chromatography,

hydr oxyapatite chromat ography, reverseZ2phase |iquid chronatography, or any
ot her commonly used protein purification technique. It is contenplated,

however, that the pfogessIeinbheopteseilsddvept-enrMdir IR pake or
S|gn|f|cantly reduce the need for other purification steps. [00106] Ani onic

exchange chr omat og?rapHREVROETSHDbart ¥ Thed WAL RERE R BraitldPPapRYe separati on

of the p0|ypept'deF§$Rdﬂ@N%%%%RLLéﬁHiéiéﬁﬁde%Q@%ﬁGTfhéi%bé%ﬁ%GG@ﬁAon
exchangers may be based on various materials with respect to the matrix as

wel | as to the attReWEP IMEREGEdAgP DS CIRGPOERBAPFRIRNH-LROI'VERF ng mat ri ces
may be used, in whith:dhe TREEbALScIBNTI10Red pPRY pDer dBHEe: PR ESSS
cross-1linked: agarose based (such as SEPHAROSE Fast Flow(r) (such as

Q SEPHARCSE FF), aheVISERPHAROSESHML ghPREMGiRREE( PYKE@e]dAlFdIéSBased (such
as DEAE SEPHACEC),GQ@ﬁééﬁiKbqgﬁ apdysynd)hetic pol ymer based, or resins such
as Super Q 650 (from TOSOH Bl OSEP) and I\/acro H gh Q (from BIORAD) For the
ani on exchange resin, the charged groups which are covalently attached to

t he mat ri[6089hy, e. gEﬂDbe di et hyl am noet hyl (DEAE), quaternary aninoethyl
(QAE), and/or quat I eresinis
sel ected fromthe €¢%§%§q§@Q§iﬁﬁﬁﬁ{?Tmﬁﬁ¥%§@§§%§%8 o, e%ﬁar%%e Hi gh
Performance, Q Seph3fgseNASNAERBW;S DEAEFSE FRAPBSER ST LAAAGWERTARt 0 Q

o ool S DLAL. BegttqyrtRabienbeds (Mo OUPREBAL SedRBNIANCAER e L 50) |

TSKgel Super Q 5PW {@@)VSFESKGEhN DEARR GRWHEROFERTSKgesY IDEAEEBROS(20) , EMD

Chem cal s: Fract og | §§9E gel EMD
DMVAE (S), Fractoge&%@!ﬁ%%L ”AE&géF%fa og%ﬁGﬁgggh%iég% : Nfﬁ%ggggel EMD
TMAE (M, and BakevpmuaicGXWRSO0T P BEQralEVERLISRELPIRL I cemBadichent  of the

present process, _tiie, ani.an exchange: 1asin. el aved: L5 OSERHARCOE. FF()

[ 00107] Al t hough any © hese resins may §C
purification of anprdrtireDlkr esEQsIDfN@Artai n si ze and | ower cost are

anenabl e to manufacturing scale - 29 - separation. If the size of the
resinis ﬁ 3 snall here i's considerabl e back pressure generated in the
system 099 di t i oRE %he anount of pol ypeptide that can be purified is

limted. If the re@d&EBLAP&T(A(B@LAbMLPDETMKH&HQJPRI@WEQDB@@GYE\IQHIS]A&QLAﬁBOnom cal ly
feasi bl e/practical_for use_in purification. [00108] Thus, the

resin used in the %ﬁ@ﬂ&%ﬂ@VIﬁyéﬁﬁﬁg%ﬁ?ﬁRﬁ@EﬁéREPPE@%%&%%E%%%ﬁEféR BRprOV|de

efficient scal e-uppardnNoncab&zpgDPEoRN THANYPELY EeXxpenshvEsTRVRONFACct uri ng
| evel purification" nmeans purification of antibodies froma reconbi nant

preparation on a sCaAMANALEEEESY COMTETCIHE e al B Bdtict-6h! "ifie resin

used in the pr edetefmm&@mmsheme@mﬁeh@m@hms@mmﬁdﬁ@zﬁwg@@ﬂ in the
final protocol for nanufacturlngglev purification because one nay

not
easily predict the*VariatVeRtith %%&ﬁ%@%%%§Pﬁ55@§§%¥§l%QW%%%@&FKY%Pthe
aggregates if the geshibdsivehangedsFopatisaubaras@siwr itk ssgeful in
smal | scale or bench top purlflcatlon may not be anenable to | arge scale
purification. Suchlf&¥in)useful for the present invention include, e.g.,
Q SEPHARCSE HP. However, the skilled artisan would recogni ze ot her anion
exchange 6@ﬁlns usef 44 for commerci al scale production. [00109] The vol une

of resin used when packi ng an ani on exchange chromat ography colum is
refl ected by the JIHENSIGSHIHS PFYRRERRL Elotidih®TNRVEQY I RIeLAR BGASGOEGBRA Lt he col um

and the height of ﬁi@%(?% SiTA1 TRRAA Y SE B HEPRRELREA BT A1 DarERRYAMOUNT  Of
antibody in the applied solution and the binding capacity of the resin

used. [00110] Bef or ECAEFHCHGHDNE F &ARGFRGH EREARAGBCHIRHETOGHABRYLE L he
exchange resin My, 1vrcGVRARSODLDATWRGFY IAGDPALAY GYAQDOEPDARGRIRN
GALLRVYVPRSSLPGFYRTSLTLAAPEAAGEVERLIGHPLPLRLDAITGP



equilibrated with a buffer. Any of a variety of buffers are suitable for
the equilibration of exchange resin, e.g., sodiumacetate, sodium

phosphat eyOTRI28(1b31dr oxynet hyl ) am no- met hane, TRI'S, phogphaiseo11loizs24RI S,
and L-histidine. Persons skilled in the art will appreciate that nunerous
ot her buffers may be used for the equilibration as long as the pH and
conductivity are about the sane as for2#he applied antibody sol ution. Wen
perform ng the "bind-washout” process, the equilibration buffers and the

wash buffers are the:samer\WeprRerH@FMEAG sirBernbEas: & 4@ pkphREESS, the
elution buffers may be nade of one or nore buffer substances to control the

pH. The salt used #BEDRSRPCGEEPREGRI y (Sl UB #0s4Pt, such as sodium chl ori de
or potassi um phosphate, but any salt may be used that naintains the
functionality of the antibody and all ows renoval of the antibody nononer
fromthe[0®in. [OBEAR In performing the "bind-elute" process, the elution
of the antibody MOAGERS:/HOWLNE! G dbyIRE1RE BRI
substantially non- enaturéEtQ‘l%ng %u?%er (ﬂlavi ngT aTB- 30 - g%—% g%gE?%%i C
strength suffici enfVEGETTNEGEAADD YV EGAHEARSROLAB hBRET Y AETALBEEYAQt her eby
recovering an anti _%ﬁﬁt [Wal! I I gates
bound to the resi nE%DAt |§%&§gkﬁ?g§ﬁ e %Lgﬂéﬁ%@g#ﬁ?%%ﬂ%ﬂ%&%ﬁgﬁ?%gtﬁ at | east
75% or at | east 8PUFLRIDAIIGPEREECIRGYS I IGIWFARERBEST P QORI IHRNYEGPBRASt 95% of
t he anti body | oade é)ﬁ; LD, feele) d. I ) 1.0%
preferably only O.g%q %@g%@?%@ﬁ essﬁﬁﬁgn(aﬁoo%ggg?g&t es remain in
the anti body preparation follow ng ion exchange. [00112]In one enbodi nent,
the el uti i s carygj t as a step gradient elution. In another

enbodi rrer@dbg’i he el u#"ﬁ“g{ﬁggs carried out in a linear gradient.

[ 00113] Sur pri si ngl 3REkraiEgaredaRar GRS/ SofSs TREEONNTNERIC@AHRGAEBGPr ot ei ns

el uted at higher sal I it i ease of
negati ve charge dug\il{%%g(ri#gégé%ﬁ%@j&z@m&;&%ggéﬁ%@%%%%Dﬁg%ﬁf?g‘g ef ore,

t hese reduced pot englyPVEGRARNSANBREY SEFRIACE AT DML AARE ATMEF ERATLGR e pr ot ei ns

onbod ments of tnee I BNET R e ABOLE 7ol s ARDAT SO% Of TG REPHTC or

deami dat ed vari ant pps BENEYHOAWSRDP DY AfeP@traREDNEg $abPl B> afo:he pol ypepti de or
i mrunoconjugate is renoved during the purification process. In other

enbodi nments, at least 75% 80% 85% 90% 95% 97% 98% or 99% of the
deam dat ggpodpr i ant PE38 (€ AaVvEHds) The conposition conprising the active

pol ypeptide or inmunoconjugate thus has | ess_than between about 25% and
about 1% deani dat et @ AHPBF K & HRESS VP RE2 D50 Reds L Han 20%

| ess than 15% | esgridvannvib@¥rriesss tdwuthUraiessrt b 4% 2hessekhan 3%

| ess than 2% or less than 1% kOOllS Deam dated variants of the invention

i ncl ude i munocon; UGHt EaESPIIST A P PRERNY P TGAER LGDCGDYSFSTRGTON

WIVERLLQAHRQLEERGYVEVGYHGTFLEAAQSIVEGGVRARSQDLDATW
RGEFYIAGDPALAYGYAQDQEPDARGRIRNGALLRVYVPRSSLPGEYRTSL
TLAAPEAAGEVERLIGHPLPLRLDAITGPEEEGGRLETILGWPLAERTVV
IPSATPTDPRNVGGDLDPSSIPDKEQATISALPDYASQPGKPPREDLK
(SEQ ID NO:22)

[0095] The PE toxin of the immunoconjugate is fused or conjugated to either the VH or
VL domain directly or via a linker at either the N-terminus or the C-terminus of the VH
or VL domain. An example of a linker is described above for CAT-8015 and corresponds
to the amino acid sequence KASGG (SEQ ID NO: 23). Additional linkers can be readily

generated by techniques known in the art.



toxin or variant thereof, wherein the deam dation occurs at one or nore
residues within the i nmunconjugate, for exanple, at one or nore residues
wi t hi n t WORELZXw@=x91A or variant thereof |In certain enbodiPEEruse)118ewmnd dat i on
occurs at 1, 2 3, 4 or 5 residues within the inmunoconjugate. In other
enbodi nents, an i mmunoconjugate conprising a PE toxin or variant thereof is
deami dated at 1, 2, 3, 4, or 5 residuegSwithin the PE toxin or variant

t hereof, for exanple at position 358 of SEQ ID NGO 1, at position 495 of SEQ
ID NO 16, at position 243 of SEQ ID NO 17, at position 227 of SEQ ID

NG 18, at position 200 of SEQ I D NO 19, at position 212 of SEQ I D NO 20,

at position 212 of ExgrEesipbpoNCPE pmmuprocgnjugassi ti on 229 of SEQ ID NO 22. -31 -
[00116] I n one enbodi nent, the salt concentration of the eluting buffer is
sufficiently high to displace the anti body nononers fromthe resin w thout
di spl aci n¢09%he aggflegllf esmukigomugits of theipsesewnenpbmisedptehat iapellsnouckase i n
pH and a | owe al ncentratiQ an he used to.elu the .ant i bod:

rononer o 1 ronvias sSfn b bR R aritdi Sfuftgrsne ‘BPupEFhere
present i nvenisolredcaom becledow batiesoudtthéy fiathyr pedianisid® dovaansam purification

Chr omat ograph%/t may be carried out, for exanple, in a colum. The colum may
be run with of Rii t hout pressure and fromtop to bottomor bottomto top.
The direqoooan of tARevafib®wfdfostdxptetsidmvidie gabmimmageye RRizéEULEIeds dur PR t he
chr omat ograph}/ I OCEeSS. Chrfo to rap}%l my gl 0. be carried out usi ng a

bat ch process THURGPUHSHH T JBF iPISRYEQIYCTions Spclt BPLE*Piesinn AE9MSq P ded to
load, wash, anehi@bsubyewhith (Badmlig Rifuddbds FEuhicAdl MayrBaRfodutddCindduh@q@hayi ty,
centrifugation, or filtration. Chromatography may al so be carried out by
contacting t hBUigdpbe akior spigsanf pellsy whigtynagpebsnpigansformed gy Hanstsicd with Beul es
in the sanpl e,pREfiaal fRRGLYe ARy QERGES; cdpiest BE ahiobip WolGudeTeikd Rt d@dn t he
various enbodi ments of the present invention are described in the context
of chromat ogr HpH- Elese inglyde bt argnod ligpied, fanmicrqorgagis g geghar begicriagge Feroli: t hat
use of ‘& col uphysafAlHRRGyAl SGHGhal EOERBRAIRRN G ARIN A b exrfifat
may be used, and the illustration of the present invention using a colum
does not | i ni PNAhecapghior atveders ofconthiaingr esstbadyi repdiigi opqueacesol xeast (e.g.

chr omat ogr aph e i\ i e t F i a e hi ngs
o o ner rodal (s EghbasC i Fhpl Ghrbcl) S ERKLRERE teku Bk ke ShARET O
[00118] A var i etnyaighg dinfifely eqvidingomduangss; wastti vl andmel iufectoh vathnacemiinant can
be used, as degired, i, SQIE, EIPOGLIROLR) LGkl 28] g, eondi bl ons
are adapted suc That ' the pro e a(ce.g., ants Bo%ﬁ? el tied Fromite Bniti al
non- HT i s apptélegdsedins édtdtad wioh tdhembiharg olrusexprds€0d $&}ded (i d. araulowdsenosaic

achi eved, for_ exa by changi.ng.th t conditigns..in the. liquid.phase.
For exanpl e Vb SAMViAlEeST BHELLLT TRy or SPRoPted Fit fralBink WherBhs g
(li neiarl y or ﬁi}ﬁ@;ﬂﬂl%&toismoataﬁﬁﬁglﬁﬁnttbbaﬁ cwdihg bequbl&eahmri rbﬁﬂmalednmdﬂswstems ]
Exenpl ary washi ng ndj 1 | i , £.9., 10 mM phosphate, pH 6.7, w't

ol ut Lon oht evet 505 hb el Ehd S sef dithoge Fe B Lo P upwPE SO &

| i near fashi oBYntdifing prontoers feridll PORASRO B me bf alNAGAn cdikl (Bg. /hetaBbthiofdint he
vari ous enbodi nents or options described herein can be cod%ined in any and

al | vari ati ongromoterzor frongepamylsaraueest(f&-» BfleroyIds dxp Prospterothe HaCRR um,
the col um capirker sdbionioRrpted in the

[0098] DNA encoding each of the VL and VH-PE toxin (e.g., VH-PE38) polypeptides is
introduced into an expression vector by techniques well known in the art.

[0099] A "vector” refers to any vehicle for the cloning of and/or transfer of a nucleic acid
into a host cell. A vector may be a replicon to which another DNA segment may be
attached so as to bring about the replication of the attached segment. A "replicon" refers
to any genetic element (e.g., plasmid, phage, cosmid, chromosome, virus) that functions

as an autonomous unit of DNA replication in vivo, i.e., capable of replication under its



buffer or salt that will be used to chromatograph the protein. As discussed
bel ow, chromatography (and | oading of the protein to be purified) can occur
in a variwoyporfoibupfers or salts including sodium pota®ETorsRolaOMIs2d um
magnesi um cal cium chloride, fluoride, acetate, phosphate, and/or citrate
salts and/or Tris buffer. Ctrate buffers and salts are preferred by those
skilled in the art for their ease of di28posal. Such buffers or salts can
have a pH of at |east about 5.5. In sone enbodinents, equilibration may
take pl ace i nodnSGhihi Ak AP HoRaclleficR lﬁwduemgm@ﬁm% RiPwid gr. In
sonme enbodi nents, equilibration takes place a pH | east about 5. 5.
Equi l i brati onceﬁhlp vitek ex wfa@relnartwp&rléargfeltuM@hO%mms l@ownamﬂie ab oy bg ugd to
preferably at t R I tion
Bompr1 cos a sSRMDAREAIEER (P8 oot ERSpommE e MR aff FLALER, thon b GuRAbY
mi | linolar androatotes, phtoogenahoue. IBQS&ble[ OO bR ilthele pfat eqampburpiafsmchtsuom as
process of the ent vendt,i a Q.58 va of . .an ac
Dartant 1rom B B guelGPHE e P of REs AR Firk G B e Bpre e AR B e
with the invenf therlDNmﬁIagtdmtﬂmrteb[m:(ﬂdmg t@ responag nlemess aﬂrrbptembte@ inera pitablei ns
i nclude, but are not limte ant f usi ei ns_ conpri one
or more’ const SHEr b iy Tl BT SRt arr e BRAY bRty B keR e fon
of an anti bOdyect(ﬁnlﬂiataha@rdmh@ldmeﬁfar}l BoIRKIeS terminr Nitbaktivens theD QR 2jfHas mNpatl ons
of the purifie tides or ugat es. are prepared for_ storage
ohd use by comBIRTy T v B slY yRapRR e B s i GYECS B ligae
present i nVGnhthéthb tduancehamrBseiio tiabiNA REGRPISABE SectRhing] 8e Elsifbered to
carrier, excipient) (Rem ngton, The Science and Practice of Pharnaci 20t h
OW

Editi on Mack PRIMHR W%@ e r?@fb@)gen@mt BravideSprthensdestion efznelly Suelcwprkepp

vehi cl es incl udgrifidHbn @ah@om@lectibiof @dstt Qils ﬁﬁ’dﬂt&Fﬂeﬁé et 56t s SUERe@Dy the
phosphate, citrate, and other organic acids ts such as sodi um chl ori de;
anti oxi dants PMESCndi ng ascorbic acid and net hi oni ne; preservatives (e.g.,
oct adecy! g st hY! ENZK}y, ABIPALUMVEALOTHHER: 1o NEXRMRL MY GO ld&ancd to
benzal kon| um chl ori de; benzet honium chloride; phenol, butyl or benzyl

al cohol ; al kybnqb@rté@emessm@ﬁ ammsmﬁwle@racw@@w%’é}llmm trapgfpeedtion 1nto
resorcinol lLohe t.a I ght
sor ot nolL CHENNSTAOO R ReTLAn P8 GE 858 b TOLSEHL BRI

- such as ser eumlrai 60M VH, gati-eb2a Vigpr amm@lablgVHbul\Iln&lﬁedhydrP@ghmm lsupmllyrrer s
such as pol yvi ﬂ%(edp rd thé (cjgnr‘greol ofX conprol qgr{léjn S sucl(%h &3 0%1 e(%l 4 reninu%l Utrg‘n%tgre an
aspar agi ne, hP I'ni ne, g ysine; car%B’h rates sucIP
nonosacchandesphadécs, afrahaihkd dﬁmatgdmmseL regi@nNnos morm)tersd ettichi ars usafﬁietb atrivaig

t h as EDTA h , t
orbi tol - sal CAFOTRP 4] bantniear gt SHERTBE cORMGm:Mrtehr S B Bne.
Zn- pr ot ei n cogipll@Xiashe ara Vartuadlp -ahp oot E:ipablbaﬂtiﬁwﬁgl etprasiol WERbeQfenes can

pol yet hyl ene gl ycal. (PEG. [00123] Th body .and/ or . nocon ate
P oimosi 11 ons O TRaM S g BTG b ancluhes bl A0 dn T PRguR. bt
particul arly peafodrs, fa@armadrenden amameiilisd piohddltdr yntheteNp@otch, lcaNERAMSE
adm nistration or adm nistration into a body cavity or |unmen of an or gan.

The conpositi BIPEASEH HHHF niPStifiat PIOROHFY | Patlyierpmisy OF ot delated oPREolE of
the anti body andPmchAIMIPRSRNIPHIAI & dhrﬁﬁ@ibléegrdrr[btéils Phatt MRGElel Calohbters;
acceptable carrier, preferably an aqueous carrier. A variety of aqueous
carriers can Bgludggdbutgrgnot lmfeﬁé@e@e SYHP warla ARV A0h eranaies regitie Sbe BISMET ons
are sterile apgganenad ¥ 1ctnrgq@m9ﬁal %@ﬁ%ﬂfﬁ%@&g%&%m THESRSS9RORH AlPNS
may be sterilized by conventi onal known sterilization téechniques. The
conposi ti ons majpr é@@pmrrwtq@w%@é@dqn@amsgs @eld.ethe Apmen exisegatovyus (HsYidnces
as required t i I i ng
and burt eri ng aaamne g R G B0 s MO TR ST AR AR AR LTI 00,
sodi um acet at pronegui therbashlogirisdé,| ppumm@sihl nioogﬂtion ifattor 1@dihe i(binh) phinortérdibe

sodi um | act at i he f N4RT QL hese
formul ati ons ﬁ&%g%@ﬁ%b- lé?ssph -artgnc}?ﬁ d}%e%gea@@b@eglfopr |hl’(r?r’xatrhlglpq1 %J %léfg%gnt fluid
vol unmes, Vi schmbtei @GK)bpdyowei thtubandint Be(Ubek pranmtac der dhmnm wiotnlotet, hthe
particul ar node of adm nistration selected and the patient's needs.

[ 00124] Thus, a typical pharnmaceutical inmunoconjugate conposition for

i ntravenous admi nistration would be at a total treatment of about 0.3 to
about 50 rig/kg per day, in particular 20-50 rig/ kg per day with the dosage
preferably adm ni stered continuously or allocated at three tines per day.
Actual nethods for preparing adm nistrable conpositions wll be known or
apparent to those skilled in the art and are described in nore detail in
such publications as Rem ngton's Pharmaceutical Science, 19th ed., Mack
PubI | shi ng Corrpany, East on, Pa (1995) [ 00125] The conposition including

oy oy - o



adm nistered for therapeutic treatnents. In therapeutic applications,
conpositions are admnistered to a patient suffering froma disease, in an
anount suwvDi2ei2ens91o cure or at - 34 - |east partiallyPparssaitohis2di sease
and its conplications. An anpbunt adequate to acconplish this is defined as
a "therapeutically effective dose.” Amounts effective for this use wll
depend upon the severity of the diseas@7and the general state of the
patient's health. [00126] Single or multiple admnistrations of the
conposi {ions gayRey AdELSIEREHo A RRAMLRGA L BRnRs BPrARiIRANGARY as
required and tolerated by the patient. In any event, the conposition should
provi de a suf fageinenthe ghantiousypromotetse HERAt eimenting f-a¢ting tubnliepnd ¢he like), the
effectively t i . : I ni ed.thr Lmes a
day overy ot nErrit S 8k ERkea b RARAIR R bR AR, RERLCErY, B b TP
21 days, but nkg). the pappitired’ therpade galek yofulmt MDRe (CFRBror dactdréflHpepst pnd thesul t

| s achi eved Ofited nta{t}llo Srilecsl% ?fdgs%gs%sr st raorr]rgoteqis.%% %Héij[ignu%eisg nxp%sstogeég ARYces
Generally, the o8 Shoul d BESUF i€l 8nt Lo tTeat or anelorate s nptons or

si gns of di seamg bavbhidiad by rdiitivoi afgnhanes oe pigaldtoey tequéncetandtle likke pati ent. An

ffecti t t h i s that ich id it bj ecti
cLy oot SRORTRLNS, % RSN B O sy R 2R e bR ke
by the clinichandiag sefubsde. Gualoktf dagd DDSEY Veienck ORI E nhoowliizqaénaent, the

i mmunoconj ugate is fornul ated as har ical co ition conprising at
| ast one agclpraRied e RE Bt hERnRS A EROr o B9 oS3 REnR NI TEAF B o

i Mmunoconj ugat@mf OpdRcplidedisdich@hied Bada ReldBABiolb@icad a5tV Klso G pRRASB of
usually 1.0 ng/nL, 1.1 ng/nL, 1.2 ng nL, 1.3 rrg/m_R 1.4 ng/m. or 1.5 ng/nL
in 25 mM sodi FHATBHEE PR BYOIOLGHiEr BRess B Py 9 s, RYAopwglissIof dipisapéonB0
(PS80), pH 7. dycnlaB s%‘lmr%\}ﬂloqeﬁbveeiﬂﬁ@l@' IR rSpost RRsAsHaY ProBRGRP AL PospEpAE 1N a
range of 20 nMto 100 25 mMMto 50 nM or 25 mMto 35 t he sucrose
can be at 2% PBYyct49 5% or 6% the glycine can be in the range of 5-10%
usual 'y, [6(%02 % the7%;anhm{mhyigfyg?tﬁeﬁgre(& egk%d R c&lsr @.@g%a&éﬁa{pc@ﬁ)ﬁ?m
0.01%to about 1% usually 0.01% 0.02% 0.03% 0.04%or 0.05% wth a pH
in the range efch@s®. ve/i.8T0¢ pelsprpkifles aie cxiesyed e.87 1B £. golacelly agd arolapedsfrondt her
buffering age ] oy.one. of A y I W e ¢

i1 zed  LolrBsPRRARel Pitf erl @A gL, dod PSR R AGREE o
i s |yophilizea difftrent etlm Foryaxphplei thed'L sekprsed o eneycell onpdghttveotor axd the
formul ation t LS prepared. in.dry formby rapid. freezing and dehydration,
1 the frozen etare SRORRSR g Bl T gsstefl S ARG SRR EER o
refers to a prdtkssarofechveesizindgolbilizett. yinrgrt@in smbodimoms, thy tphision bedies are

formul ati ons or, .c ositions are often e rea f or .reconst|tuted
b et o’ of o BRRE e Oy Ribfe REIER: UPS ebff S ThobiforHpbRgRy bt
| yophi | i zed f aichiioatbbdiss ¢ sbdlbilizadvag BipHOST 9.5 at £p8S VISt mtaegH bN1®O ar ¥ pdlof -

25 L0101 Pq0 o Lo Bl A & LML AL 8B v on

| yophi |i zed f gfitioabij0sutd Gonipridg thd VIL andVEIPBBSIintthe | munoconj ugate in
the formulation is present at concentrations as descri bed above. This

for mul at ilBHOBk  ext MaRhE Mopdmcihethe VA andniHddd8 JURte s Arci FPeave Ab s SePY) bag
sol ution, wheg@ 6h@irkNnba@drQMbRERMple! 4N AD QUExpRQsddlin toRle 8BRPHIE 2 FRQ vikior,
solution, usually 50 nL, 60 nL, 70 nL or 80 nL. A separate |V bag )

" pr ot ect ant SM%%PW'PE% isgpxpeestsd 1 depedmesetl 9 & Gffarentciorre lisfusioebodigs hag
where the proyggt@ntesgh WdoOded WiBHiRG RQ! S L LANS/IBOELD s HnA DMHincIUGh
that the polysorbate 80 present in the final IV bag solution is in a range
of 0.001%to &bmusn Jwapodopsiedat e 180certawuethery cbodithenty, sthey eV lofand BOdtPESS 019%
to about 0.1%,q06 FPLEMSHAN He SncQolb?y f 42K, 03% 0.04%or 0.05% The
pr ot ect ant SO%UtIOﬂ can be pre-?ornulate@ in a vial such that the

pol ysor bd0® 08D i s RAowastieoncehtomatogophpf stapoudre 0.ubBsctdo tabdwthebYpurad thian be
0.5% 1.0% 1h§®%m%g9%a1 .5% 3.0% 3.5% 4.0% 4.5%or 5.0% The protectant
sol ution preveﬁ?s 4430 ption of the inmmunoconjugate or drug (e.g.,

CAT-8015) to contact surfaces of the 1V bag, thereby preventing or

i nhibiting the i munoconjugate or drug fromsticking to the IV bag during
admnistration and allowing the patient to receive the appropriate dosage
of i mrunoconjugate or drug. The IV bag solution can be adm nistered by
infusion to the patient for various durations, usually 30 mnutes to 1
hour, usually 30 m nutes.



[ 00130] Anpbng various uses of the inmunoconjugates and fornul ati ons of the
present invention are included a variety of disease conditions caused by
speci fi c Wormare/m&dibs that nmay be elimnated by the toxi eCaaisean/oads24 he
protein. One application for the i mmunoconjugates of the invention is for
the treatnment of B cell malignancies or malignant B cells expressing CD22.
Exenplary B cell malignancies include-@Rronic B-lynmphocytic cells (B-CLL),
pedi atric acute |yphocytic | eukemi a (pALL), follicular |ynphoma (FL),

di ffuse l@rgRa.&adllcdniiBhoma (DLBCL), Non Hodgkins |ynphoma (NHL) and
hairy cell leukema (HCL). [00131] All docunents, patents, journal articles

and other materials cited in the present application are hereby

i ncor por y refer I u t sent i i.on..has, been
fully QoTbABSEY | oAS é}gﬁ%tf‘? IR EZLA 13 aa Dy REARE Von KRNk O MAS O
reference to tlvemaogwpipanyfi iy dmawliorgsyilli tdepadt on béheunprerfet ebontaaraphar i ous
changes and nn%héhcat ong%gﬁ% be aggqﬁgﬁgmﬁpn%gps szléed L th 36 -

m igands Us¢ QCEeSs co Bell h ¢dbSbination 2. .
art. Such changes and nmo A76ns are 1o be “Undefstcod as" i mel"UdEd Wi t hi n

the scope of #wite pthesenitein nmeifichtom agtiddbdiopied kbycht e salp peadeditioh, abffijty

unl ess they depart therefrom AMPLES Exanple 1. pr essi. recovery and
Uhel usi o bodsPEBPER BN PapOtATAUS B OB GBI e o RTT Srab P EE e

| i nes cont ai nbnghyCAer 80hmowly wadprCATr BRiRatdn-tE3BueXp sedaictplakdCh®OrSenyas
per f or med. Thg@f@rnentor @@S har vest ed bﬁﬁfontinuous. entri%yg tion fThe
fermentor har @5t REpgess QE s freseit SRR W sEmRst L SieapicprthgechL eqcphfogc at
a rate of 0. 5other Ruiiciopétepi Nnute and centrifuged at a speed of

approximately 15,000 rpm After centrifugation the cell paste was frozen at
<-70C. [00106] Anionic exchange chromatography is also performed during chromatographic

separation of the polypeptide of interest. As is well known in the art, anion exchangers
may be based on various materials with respect to the matrix as well as to the attached
charged groups. For example, the following matrices may be used, in which the materials
mentioned may be more or less cross-linked: agarose based (such as SEPHAROSE Fast
Flow® (such as Q-SEPHAROSE FF), and SEPHAROSE High Performance”; cellulose
based (such as DEAE SEPHACEL®); silica based and synthetic polymer based, or resins
such as SuperQ-650 (from TOSOH BIOSEP) and Macro High Q (from BIO-RAD). For
the anion exchange resin, the charged groups which are covalently attached to the matrix
may, e.g., be diethylaminoethyl (DEAE), quaternary aminoethyl (QAE), and/or
quaternary ammonium (Q). In certain embodiments, the resin is selected from the group
including, but not limited to, Q Sepharose High Performance, Q Sepharose Fast Flow,
DEAE Sepharose Fast Flow, Capto Q, Capto DEAE, Toyopearls SuperQ 650 (M),
Toyopearls SuperQ 650 (S), Toyopearls DEAE 650 (M), Toyopearls DEAE 650 (S),
TSKgel SuperQ-5PW (30), TSKgel SuperQ-5PW (20), TSKgel DEAE-5PW (30),
TSKgel DEAE-5PW (20), EMD Chemicals: Fractogel EMD DEAE (S), Fractogel EMD
DEAE (M), Fractogel EMD DMAE (S), Fractogel EMD DMAE (M), Fractogel EMD
TMAE (S), Fractogel EMD TMAE (M), and Baker Bond XWP500 PolyQuat-35, SPE. In
one embodiment of the present process, the anion exchange resin employed is Q-
SEPHAROSE FF”.

[00107] Although any of these resins may be used for small scale purification of

antibodies, resins of certain size and lower cost are amenable to manufacturing scale



[00134] Following this treatnment, the VH PE38 and VL cell pastes were thawed

for 12 to 24 hours at 2 to 8C. The cells were lysed to rel ease inclusion
bodi es combanrmeiethe VL and VH PE38 products. The resulPCrag20inohises on
bodi es were subsequently solubilized and the VH PE38 and VL products
obt ai ned. [00135] The product was concentrated to approximately 1 ng/niL
(determ ned by Coomassie total protein2dssay) using a 30 kDa
ultrafiltration hollow fiber cartridge. The retentate was then diafiltered

with 5 to 6 vgl 'éfﬁﬁ§n OfIf %’19, srf% Jﬂ‘ {11%1reé]11C1)QS Y Hﬁaﬁ? thdte 1s é‘or{sfﬂef’aﬁﬂ' @a\éﬁ ssure
conductivity OP . /cm This product was stored up t 2 hours at
2 to 8C. Exarrgq:r@razed lAﬁher wte@al Insasiditonpie |am0@1@ttququ@ﬁptﬂetthat@alcherp@ufiesl iy

Ani on Exchang 0

[00136] Expr oanries b AGIRMsRA Ratl hbuiicPl T EodBRICA, fosile pactca

deam dat ed vafdrasinddrge fvelegubtieation. The deami dation was found to occur in

t he PE38 pAbki On I munacon dat i, the VH P38 bunlt
rosul tod POBEcr oottty B r B URTRN 3R sEaRERbidR P halilo Vet o iap

belom/descrlbeﬂkmhronnb@mraﬂhbctd&n@;undnmnmﬁyeesmmﬁessfhmmmmbmﬁmmvmm@ t he
Spoci eo. auri ngoaneoT ARG AL Ao G fronke S BRIL oM IR ERe s
portion of theaf ustoromareid ucile ptdmactﬁr}mr oTRd aegihagbd ¢n eensleddt@mnadam siop
200l 10 LeOuRlf S0 SR dat o0, varLam, o o P8 SOTOR Sl
subsequent |y petabdel 2d Ry @t éasqgalpwmbt icoeRiaton haddh&itidnsPicodkseso dpaniehyi ew
of the renaturation and purification unit operatiaons. Table 1 - CAT-8015
production fl agEseapep 1f the resin is changed. A particular resin that is useful in small scale or bench

top purification may not be amenable to large scale purification. Such resins useful for the

present invention include, e.g., Q-SEPHAROSE HP. However, the skilled artisan would

recognize other anion exchange resins useful for commercial scale production.

[00109] The volume of resin used when packing an anion exchange chromatography
column is reflected by the dimensions of the column, 7.e., the diameter of the column and
the height of the resin, and varies depending on, e.g., the amount of antibody in the
applied solution and the binding capacity of the resin used.

[00110] Before performing an anion exchange chromatography, the exchange resin may be
equilibrated with a buffer. Any of a variety of buffers are suitable for the equilibration of
exchange resin, e.g., sodium acetate, sodium phosphate, TRIS(hydroxymethyl) amino-
methane, TRIS, phosphate, bis-TRIS, and L-histidine. Persons skilled in the art will
appreciate that numerous other buffers may be used for the equilibration as long as the pH
and conductivity are about the same as for the applied antibody solution. When
performing the "bind-washout" process, the equilibration buffers and the wash buffers are
the same. When performing the "bind-elute" process, the elution buffers may be made of
one or more buffer substances to control the pH. The salt used is, e.g., a highly soluble
salt, such as sodium chloride or potassium phosphate, but any salt may be used that
maintains the functionality of the antibody and allows removal of the antibody monomer
from the resin.

[00111] In performing the "bind-elute" process, the elution of the antibody monomers

from the resin may be performed with a substantially non-denaturating buffer having a
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pH and ionic strength sufficient to efficiently elute the monomeric antibody, thereby
recovering an antibody-containing eluate, while leaving the aggregates bound to the resin.
In this context, efficient elution means that at least 75%, or at least 80%, or at least 85%,
or at least 90%, or at least 95% of the antibody loaded onto the resin is recovered. Only
about 1.0%, preferably only 0.5%, most preferably less than 0.1% aggregates remain in
the antibody preparation following ion exchange.

[00112] In one embodiment, the elution is carried out as a step gradient elution. In another
embodiment, the elution is carried out in a linear gradient.

[00113] Surprisingly, deamidated variants of the immunoconjugate proteins eluted at
higher salt concentration despite the apparent net increase of negative charge due to
deamidation of an asparagine residue. Therefore, these reduced potency variants were
separated from the more active proteins by the ion exchange chromatography described
herein.

[00114] In certain embodiments of the invention, about 75% to about 99% of the acidic or
deamidated variant present within the starting sample of the polypeptide or
immunoconjugate is removed during the purification process. In other embodiments, at
least 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99% of the deamidated variant is
removed. The composition comprising the active polypeptide or immunoconjugate thus
has less than between about 25% and about 1% deamidated species, for example, less
than 25%, less than 20%, less than 15%, less than 10%, less than 5%, less than 4%, less
than 3%, less than 2% or less than 1%.

[00115] Deamidated variants of the invention include immunoconjugates comprising a PE
toxin or variant thereof, wherein the deamidation occurs at one or more residues within
the immunconjugate, for example, at one or more residues within the PE toxin or variant
thereof. In certain embodiments, deamidation occurs at 1, 2 3, 4 or 5 residues within the
immunoconjugate. In other embodiments, an immunoconjugate comprising a PE toxin or
variant thereof is deamidated at 1, 2, 3, 4, or 5 residues within the PE toxin or variant
thereof, for example at position 358 of SEQ ID NO:1, at position 495 of SEQ ID NO: 16,
at position 243 of SEQ ID NO:17, at position 227 of SEQ ID NO:18, at position 200 of
SEQ ID NO:19, at position 212 of SEQ ID NO: 20, at position 212 of SEQ ID NO: 21 or
at position 229 of SEQ ID NO: 22.



Ani on Exchange Chromat ography 1, Formul ation (Drug Substance) [00138] Fi gure
1 shows the anal ytical ion exchange chronotagraphy (1 EC) profile of a

sanpl e ofwa 20218025 reference standard. As shown in theCpruskeliesssas
pre-peak enmerges prior to the elution of the main peak. The individual
fractions eluted fromthe | EC are assayed for CAT-8015 biol ogical activity
relative to a reference standard using3an apoptosi s bi oassay that measures
the ability of the test sanple to i nduce dose dependent apoptotic death of

the CD22 p@qgpt or - 1‘%% %ﬁﬁbdlﬁhelﬁaﬂi@'sal%‘dnken'tﬂaﬂ& of RCQuRRURTreE R R Zn@)
internali zed CAT- 8015 i nduces Daudi cells to undergo apoptosis Vi a éaspase

3/7 activati ot tivalacectin ApBbovy Aot froGathp asen @tl‘@iw Gpptacieesty aBgweipn. The

potency of th r

oncent rati on CEESG) * ARl b BufIhETLERCH ML Mot DRARGE GG 6

sanpl e. The resdlt¢ slutafthetmbabfpp«vrwsiw oo s gseyn. - 38 - denonstrated that the
{)fel alryg d@@tﬁgcél g_‘&rrly or al?ohrom;a;toérap i %tleg%:c?fj t Wé)'%eﬁher;[t rﬁ?vegte (:%’Iﬁcearﬁzbg?c?lgoefd 0%?)%}7 peak
between this nel mbclmmcqﬂah@meycmﬁdatb@eplpem@ebé aagaecbﬁutpfoeepamide, in a column.

[ 00139] Pre- pe and main ract.jons fro E | ysi s were

ol | ect od. podleiismanien s BBl & 5 {oaBhrirs HraBbirig e by papokonteo 15

chr omat ogr aphyherakcctiqae of riagrefigwy /ofefsid Sipe ¢ier osiein Y mai- CbelVEédbﬁ):d adu@iny sths .

Results were conpared to those_obtai ne from tlde |n LC- M5/ VS
experi nents of it HE‘P‘P%‘PBIEV @Rﬁes%&ﬁﬁomafﬁ%a&wa‘?%‘il Cabr&ﬁdu Hngﬁ%glbﬁ@c%fﬁug

subst ance r evgalgidh thadolidsedBOR seRsat@Bfrbiahd YiqHeardddatied, hast\apd 3b& @aed
i sO- Asp- 358 (Table 2). Asp-358 and iso-Asp358 were found to be

si gni fi cant | yS&Rs chedmn SPIF?é’leprr%eaB%aknqh’rdéRgt | B 10 efeBBidugRHRYL el nfilatien-
fraction was eRfdnfelehphi hdit A6 bCAIBO bRt b7 zﬂahﬁct%)g thg%Kﬁﬂlet\QiﬁﬁE hater thdpe

results denonstrate that deam dation at Asn-358 |lead to | oss of relative
potency in a @eerbspsEini wissBylecutpre NAgS- 8”5‘8’10( @@maféongv preasabars-int e n t he

PE toxin port Td?l'awﬂf &eg'&lp'tlmﬂ@%?ﬁhy SAb&LhEHS of ﬂﬂgkof‘e%ﬂt ﬂgfeﬁtﬂﬁtar@@escrlbed 1n

I mmunoconj ugat e cont aining a PE toxin, or variant thereof, in which Asp-358
is present w Hie chptRe|of clyemstgbiaplest cartiedcubin ackeltingm Itamndwb]Oécho“te@erathawg of

T T e
and LC- M5/ MBS thqalh}sgagon of the present invention using a column does not limit the application of
the present invention to column chromatography, as those skilled in the art may readily
apply the teachings to other modalities as well, such as those using a batch process or
filter.

[00118] A variety of different loading, washing and elution conditions can be used, as
desired. In some embodiments, the initial loading conditions are adapted such that the
protein (e.g., antibody) eluted from the initial non-HT is applied directly to the HT
column.

[00119] Elution can be achieved, for example, by changing the salt conditions in the liquid
phase. For example, the salt and/or conductivity of the liquid phase is increased (linearly
or step-wise) to a point that which the antibody elutes. Exemplary washing conditions
include, e.g., 10 mM phosphate, pH 6.7, with clution achieved by increasing the salt
concentration (step-wise or in a linear fashion) (e.g., to 10 mM phosphate, 1.5M NaCl,
pH 6.7). All of the various embodiments or options described herein can be combined in

any and all variations.



Am no Acid Drug Substance (% Pre-Peak (%9 Main Peak (% N358 78.1 3.1 88.9
D358 11.9 44.0 2.2
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[00120] Before the sample is applied to the column, the column can be equilibrated in the
buffer or salt that will be used to chromatograph the protein. As discussed below,
chromatography (and loading of the protein to be purified) can occur in a variety of
buffers or salts including sodium, potassium, ammonium, magnesium, calcium, chloride,
fluoride, acetate, phosphate, and/or citrate salts and/or Tris buffer. Citrate buffers and
salts are preferred by those skilled in the art for their ease of disposal. Such buffers or
salts can have a pH of at least about 5.5. In some embodiments, equilibration may take
place in a solution comprising a Tris or a sodium phosphate buffer. In some
embodiments, equilibration takes place at a pH of at least about 5.5. Equilibration may
take place at pHs between about 6.0 and about 8.6, preferably at pHs between about 6.5
and 7.5. Most preferably, the solution comprises a sodium phosphate buffer at a
concentration of about 25 millimolar and at a pH of about 6.8.

[00121] The protein purification process of the present invention is applicable to removal
of an acidic variant from any protein. Some proteins specifically contemplated for use
with the invention include antibodies or fragments thereof. Other proteins include, but
are not limited to recombinant fusion proteins comprising one or more constant antibody
immunoglobulin domains, optionally an Fc portion of an antibody, and a protein or

interest.

Formulations

[00122] Formulations of the purified polypeptides or immunoconjugates are prepared for
storage and use by combining a purified polypeptide or immunoconjugate of the present
invention with a pharmaceutically acceptable vehicle (e.g., carrier, excipient)
(Remington, The Science and Practice of Pharmacy 20th Edition Mack Publishing, 2000).
Suitable pharmaceutically acceptable vehicles include, but are not limited to, nontoxic
buffers such as phosphate, citrate, and other organic acids; salts such as sodium chloride;
antioxidants including ascorbic acid and methionine; preservatives (e.g.,
octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium
chloride; benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens, such as
methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol);

low molecular weight polypeptides (e.g., less than about 10 amino acid residues); proteins



| s0- D358 10.0 52.9 8.9 D358 = deam dated Asn-358; iso0-D358 =

| so- deam dat ed Asn-358; N358 = Asn-358. [00140] Separati on of deam dated
CAT- 8015 woamzmsaet CAT-8015 was achi eved by ani on exciramgs2ahngisas ogr aphy
wi th strong ion exchange groups such as Q (quaternary am no) coupled to
smal | dianmeter resins such as Source 15 (particle diameter: 15[tm GCE
Heal t hcare) and Sepharose Hi gh Perfornrgdee (particle dianeter: 34[tm GCE
Heal t hcare). The application of small diameter chromatography resin in
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back pressures under typical operating conditions as defined by colum
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Buffer C (PEG).

[00123] The antibody and/or immunoconjugate compositions of this invention (i.e., PE
linked to an antibody), are particularly useful for parenteral administration, such as
intravenous administration or administration into a body cavity or lumen of an organ. The
compositions for administration will commonly comprise a solution of the antibody
and/or immunoconjugate dissolved in a pharmaceutically acceptable carrier, preferably an
aqueous carrier. A variety of aqueous carriers can be used, e.g., buffered saline and the
like. These solutions are sterile and generally free of undesirable matter. These
compositions may be sterilized by conventional, well known sterilization techniques. The
compositions may contain pharmaceutically acceptable auxiliary substances as required
to approximate physiological conditions such as pH adjusting and buffering agents,
toxicity adjusting agents and the like, for example, sodium acetate, sodium chloride,
potassium chloride, calcium chloride, sodium lactate and the like. The concentration of
fusion protein in these formulations can vary widely, and will be selected primarily based
on fluid volumes, viscosities, body weight and the like in accordance with the particular
mode of administration selected and the patient's needs.

[00124] Thus, a typical pharmaceutical immunoconjugate composition for intravenous
administration would be at a total treatment of about 0.3 to about 50 pg/kg per day, in
particular 20-50 ng/kg per day with the dosage preferably administered continuously or
allocated at three times per day. Actual methods for preparing administrable compositions
will be known or apparent to those skilled in the art and are described in more detail in
such publications as Remington's Pharmaceutical Science, 19th ed., Mack Publishing
Company, Easton, Pa. (1995).

[00125] The composition including the present invention's immunoconjugate can be
administered for therapeutic treatments. In therapeutic applications, compositions are

administered to a patient suffering from a disease, in an amount sufficient to cure or at
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Peak [00127] In one embodlment the immunoconjugate is formulated as a pharmacecutical

composition comprising at least one acceptable excipient. Pharmaceutically acceptable
CAT-8015 immunoconjugate formulations include 0.5 mg/mL to 2.5 mg/mL CAT-8015,
usually 1.0 mg/mL, 1.1 mg/mL, 1.2 mg mL, 1.3 mg/mL, 1.4 mg/mL or 1.5 mg/mL in 25
mM sodium phosphate, 4% sucrose, 8% glycine, 0.02% polysorbate 80 (PS80), pH 7.4.
In additional embodiments, the sodium phosphate can be in a range of 20 mM to 100
mM, 25 mM to 50 mM, or 25 mM to 35 mM; the sucrose can be at 2%, 3%, 4%, 5% or
6%:; the glycine can be in the range of 5-10%, usually, 5%, 6%, or 7% ; the polysorbate
80 can be in a range from about 0.01% to about 1%, usually 0.01%, 0.02%, 0.03%, 0.04%
or 0.05%; with a pH in the range of 6.5 to 8.0, usually at pH 7.2, 7.3, 7.4, 7.5 or 7.6.
Other buffering agents known to one of ordinary skill in the art can also be utilized.
[00128] In certain embodiments of the invention, the formulation is lyophilized. The term
"lyophilized" refers to any composition or formulation that is prepared in dry form by
rapid freezing and dehydration, in the frozen state under high vacuum. "Lyophilizing" or
"lyophilization" refers to a process of freezing and drying a solution. Lyophilized
formulations or compositions are often made ready for use or reconstituted by addition of
sterile distilled water. In certain embodiments, the lyophilized formulation of the

invention is reconstituted into a vial.
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[00129] For intravenous administration, a formulation of the invention, such as a liquid
formulation or a formulation reconstituted from a lyophilized formulation is placed in a
vial where the immunoconjugate in the formulation is present at concentrations as
described above. This formulation is extracted from the vial and added to an intravenous
(IV) bag solution, where the IV bag contains from about 30 mL to about 100 mL solution,
usually 50 mL, 60 mL, 70 mL or 80 mL. A separate IV bag “protectant solution” can
also be added to the total volume of the IV bag where the protectant solution contains
polysorbate 80 in an amount such that the polysorbate 80 present in the final IV bag
solution is in a range of 0.001% to about 3% polysorbate 80, usually in the range of about
0.01% to about 0.1%, and more usually at 0.01%, 0.02%, 0.03%, 0.04% or 0.05%. The
protectant solution can be pre-formulated in a vial such that the polysorbate 80 is at a
concentration of about 0.5% to about 5%, and can be 0.5%, 1.0%, 1.5%, 2.0%, 2.5%,
3.0%, 3.5%, 4.0%, 4.5% or 5.0% The protectant solution prevents adsorption of the
immunoconjugate or drug (e.g., CAT-8015) to contact surfaces of the IV bag, thereby
preventing or inhibiting the immunoconjugate or drug from sticking to the IV bag during
administration and allowing the patient to receive the appropriate dosage of
immunoconjugate or drug. The IV bag solution can be administered by infusion to the
patient for various durations, usually 30 minutes to 1 hour, usually 30 minutes.

[00130] Among various uses of the immunoconjugates and formulations of the present
invention are included a variety of disease conditions caused by specific human cells that
may be ecliminated by the toxic action of the protein. One application for the
immunoconjugates of the invention is for the treatment of B cell malignancies or
malignant B cells expressing CD22. Exemplary B cell malignancies include chronic
B-lymphocytic cells (B-CLL), pediatric acute lyphocytic leukemia (pALL), follicular
lymphoma (FL), diffuse large B cell lymphoma (DLBCL), Non Hodgkins lymphoma
(NHL) and hairy cell leukemia (HCL).

[00131] All documents, patents, journal articles and other materials cited in the present
application are hereby incorporated by reference.

[00132] Although the present invention has been fully described in conjunction with
several embodiments thereof with reference to the accompanying drawings, it is to be

understood that various changes and modifications may be apparent to those skilled in the
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art. Such changes and modifications are to be understood as included within the scope of

the present invention as defined by the appended claims, unless they depart therefrom.

EXAMPLES

Example 1. Expression, recovery and inclusion body isolation of CAT-8015

[00133] Fermentation of separate cell lines containing CAT-8015 VL and CAT-8015

VH-PE38 expression vectors was performed. The fermentor was harvested by continuous
centrifugation. The fermentor harvest was passed through a continuous centrifuge at 2 to
8°C at a rate of 0.5 to 0.8 L per minute and centrifuged at a speed of approximately

15,000 rpm. After centrifugation the cell paste was frozen at <-70°C.

[00134] Following this treatment, the Vu-PE38 and V1 cell pastes were thawed for 12 to

24 hours at 2 to 8°C. The cells were lysed to release inclusion bodies containing the VL
and VH-PE38 products. The resulting inclusion bodies were subsequently solubilized

and the Vu-PE38 and V1 products obtained.

[00135] The product was concentrated to approximately 1 mg/mL (determined by

Coomassie total protein assay) using a 30 kDa ultrafiltration hollow fiber cartridge. The
retentate was then diafiltered with 5 to 6 volumes of 20 mM Tris, 100 mM urea pH 7.4 to
achieve a conductivity of 2.5 to 3.0 mS/cm. This product was stored up to 72 hours at 2
to 8°C.

Example 2. Analytical-scale Purification of Active CAT-8015 by Anion Exchange

Chromatography with High Performance Resins.

[00136] Expression of the Vi-P38 subunit resulted in a formation of a deamidated variant

of the subunit. The deamidation was found to occur in the PE38 portion of the
immunoconjugate. Deamidation of the Vy-P38 subunit resulted in decreased potency of
the CAT-8015 protein. Surprisingly, the below described chromatographic conditions
were successful in removing the deamidated variant, thus providing the ability to remove
the inactive species during purification. Since the deamidation occurred in the PE38
portion of the fusion construct, the chromatographic conditions can be applied to removal

of any deamidated variant of a PE conjugate.
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| | Fermentation |
!
2 | | Primary Recovery |
!
3 | | Inclusion Body Isolation |
!
4 ‘ Refold
!
5 | | Capture Step |
!
6 | | Intermediate Purification Step 1 |
!
7 | Intermediate Purification Step 11 |
!
8 | Anion Exchange Chromatography |
!
9 | Formulation (Drug Substance) |
[00138] Figure 1 shows the analytical ion exchange chromotagraphy (IEC) profile of a

sample of a CAT-8015 reference standard. As shown in the profile, a pre-peak emerges
prior to the elution of the main peak. The individual fractions eluted from the IEC are
assayed for CAT-8015 biological activity relative to a reference standard using an
apoptosis bioassay that measures the ability of the test sample to induce dose dependent
apoptotic death of the CD22 receptor-expressing Daudi cell line. Once bound to CD22
and internalized, CAT-8015 induces Daudi cells to undergo apoptosis via Caspase 3/7
activation that can be measured by Caspase-GloTM 3/7 Assay System. The potency of
the test sample is determined by dividing the 50% effective concentration (EC50) of the
Reference Standard by the EC50 of the test sample. The results of the apoptosis bioassay



(%9 QP Load Pool 53.8 46.2 52 (HP Eluate Pool 16.5 83.8 80 [00147] The QHP
product pool was subsequently diafiltered into formulation buffer to
WO 2012/015912 PCT/US2011/045524

-38 -

demonstrated that the relative potency of CAT-8015 is correlated with the percentage of
pre-peak of CAT-8015 as diagrammed in Figure 1. Figure 2 shows the correlation
between this relative potency and the percentage of pre-peak.

[00139] Pre-peak and main peak fractions from multiple IEC analysis were collected,
pooled and subjected to peptide mapping and liquid chromatography-mass
spectrometry/mass spectrometry (LC-MS/MS) analysis. Results were compared to those
obtained from peptide mapping and LC-MS/MS experiments of purified CAT-8015. The
analysis of purified CAT-8015 drug substance revealed that Asn-358 was partially
deamidated to Asp-358 and iso-Asp-358 (Table 2). Asp-358 and iso-Asp358 were found
to be significantly enriched in the pre-peak fraction whereas the main peak fraction was
enriched in intact CAT-8015 (Table 2). Taken together, the results demonstrate that
deamidation at Asn-358 lead to a loss of relative potency in a cell based bioassay. The
Asp-358 residue is present within the PE toxin portion of the immunoconjugate thus
indicating that an immunoconjugate containing a PE toxin, or variant thereof, in which
Asp-358 is present will likely be subject to deamidation and subject to a loss of potency

or activity.

Table 2

Distribution of Amino Acid 358 in CAT-8015 Drug Substance, Pre-Peak and
Main Peak Fractions based on Peptide Mapping and LC-MS/MS Analysis.

Amino Drug Substance (%) Pre-Peak (%) Main Peak (%)
Acid
N358 78.1 3.1 38.9
D358 11.9 440 2.2
is0-D358 10.0 52.9 3.9

D358 = deamidated Asn-358; is0-D358 = iso-deamidated Asn-358; N358 = Asn-358.

[00140] Separation of deamidated CAT-8015 from intact CAT-8015 was achieved by
anion exchange chromatography with strong ion exchange groups such as Q (quaternary
amino) coupled to small diameter resins such as Source 15 (particle diameter: 15um; GE
Healthcare) and Sepharose High Performance (particle diameter: 34um; GE Healthcare).
The application of small diameter chromatography resin in biomanufacturing processes is
complicated by the generation of significant back pressures under typical operating
conditions as defined by column geometry, flow rates and buffer composition. Based on

these considerations and the requirement for a high resolution chromatography step Q
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conductivity range o ess than
analyzed for % pre-peak by analytlcal ion exchange chromatography (IEC). Fractions

containing less than 25% pre-peak were pooled. The QHP pool was analyzed for % pre-
peak by analytical IEC on a strong anion exchange column. Relative potency was
measured by an apoptosis bioassay as described above.

[00142] At pH 8.0, CAT-8015 strongly bound to the anion exchange resin with no protein
detected in the flow-through fraction by absorbance at A280. After an initial wash step
with 175mM NaCl in Tris/HCI, pH 8.0, CAT-8015 was cluted from the column with a
linear salt gradient from 35% B (175mM NaCl in Tris/HCI, pH 8.0) to 55% B (275mM
NaCl in Tris/HCI, pH 8.0). CAT-8015 eluted from the column between 39% B (192 mM
NaCl in Tris/HCI, pH 8.0) and 49%B (245 mM NaCl in Tris/HCI, pH 8.0). Fig. 3 shows
the QHP chromatography profile of CAT-8015.

[00143] Fractions were analyzed by analytical IEC. Table 3 shows the results for fractions
eluted between 44.5% B (223mM NaCl) and 47.2% B (236mM NaCl).
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Table 3
IEC Analysis of Collected QHP Fractions
Fraction No. %, Pre-Peak? % Main Peak

Cl2 41.0 59
DI2 34.5 65.5
D11 27.0 73
D9 17.6 82.4
D7 15.9 84.1
D5 18.7 81.3
D3 21.9 78.1

? Pre-peak contains >90% deamidated CAT-8015.

[00144] Table 3 demonstrates that anion exchange chromatography operated in a linear
salt gradient elution mode is able to separate deamidated CAT-8015 from intact CAT
8015 in an effective manner.

[00145] Surprisingly, intact CAT-8015 was eluted at a higher salt concentration despite the
apparent net increase of negative charge due to deamidation of an asparagine residue.
This result is consistent with the chromatography profile observed by IEC. CAT-
8015-containing samples were injected on an analytical anion exchange column
(PL-SAX, Varian) equilibrated at pH 8.0 with a Tris/HCI buffer system and eluted by a
combination of step and gradient elution steps (Fig.1).

[00146] Fractions were combined according to the pooling criteria of less than 25% pre-
peak content. The QHP pool was analyzed for % pre-peak and relative potency by SDS-
PAGE, analytical IEC and apoptosis bioassay. The SDS-PAGE analysis, as shown in
Fig. 4, demonstrates that QHP load pool and eluate samples contained highly purified
CAT-8015. However, the QHP load pool did not meet target specification for purity by
IEC and bioactivity. Purity and potency measurements for the QHP load pool as
compared to the QHP eluate pool, as presented in Table 4 below, demonstrate that the
anion exchange chromatography step with QHP resulted in a significant increase in purity
by IEC and relative potency of CAT-8015. The QHP load pool was generated from

Intermediate Purification Step II.
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Table 4

CAT-8015 Purity by IEC and Bioactivity

Step % Pre-Peak % Main Peak Relative Potency
(%)
QHP Load Pool 53.8 46.2 52
QHP Eluate Pool 16.5 33.8 80
[00147] The QHP product pool was subsequently diafiltered into formulation buffer to

generate CAT-8015 drug substance.

[00148] Thus, the manufacture of CAT-8015 drug substance requires the separation of
deamidated CAT-8015 from active CAT-8015. The capability of anion exchange
chromatography with high performance resins such as QHP to separate deamidated CAT-
8015 from intact CAT-8015 and to increase bioactivity to target specifications is a pre-

requisite for the successful manufacture of CAT-8015 drug substance.

Example 4. Large-scale purification of CAT-8015

[00149] The column was first pre-equilibrated with 5 CVs Buffer C (Pre-
Equilibration/Stripping Buffer: 10mM Tris/HCI, pH 8.0, 1.0M NacCl) at a linear flow rate
of 66cm/hr and subsequently equilibrated with 5 CVs Buffer A at a lincar flow rate of
76cm. The chromatography resin was Q Sepharose High Performance (QHP, GE
Healthcare), in a BP300, 30cm x 22¢m column bed, run on a K Prime instrument. The
intermediate purification product pool was prepared for loading onto the high
performance anion exchange column by diafiltration with 10 volumes of Buffer A
(Equilibration Buffer: 10mM Tris/HCI, pH 8.0) using a 10 kDa MWCO membrane. The
diafiltered product pool was loaded onto the QHP column at a linear flow rate of 64
cm/hr, followed by a 2 CV re-equilibration step with Buffer A at 76cm/hr. CAT-8015 was
eluted with a 10 CV linear gradient from 35% Buffer B (Elution Buffer: 10mM Tris/HCI,
pH 8.0, 500mM NaCl) to 55% Buffer B at a linear flow rate of 76 cm/hr. Elution of
product was monitored at 280nm. Fractions were collected and analyzed for % pre-peak
by analytical ion exchange chromatography (IEC). Fractions containing less than 25%
pre-peak were pooled. The QHP pool was analyzed for % pre-peak by analytical I[EC on a

strong anion exchange column. Relative potency was measured by an apoptosis bioassay.
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[00151] Fractions were analyzed by analytical IEC. Table 5 shows the results for fractions
eluted at conductivities between 23.8 and 25.4mS/cm. Table 5 demonstrates that anion
exchange chromatography operated in a linear salt gradient elution mode was able to
separate deamidated CAT-8015 from intact CAT 8015. Separation of deamidated CAT-
8015 from intact CAT-8015 took place within a conductivity range of less than 2mS/cm.

Table 5
IEC Analysis of Collected Fractions% Pre-peak purity
Fraction % Pre-Peak % Main Peak

1 55.1 44.9
2 39.0 61

3 30.1 69.9
4 25.1 74.9
5 18.7 81.3
6 14.7 85.3
7 16.4 83.6

[00152] Fractions 4-7 were combined according to the pooling criteria of less than 25%

pre-peak content. The QHP pool was analyzed for % pre-peak and relative potency by
SDS-PAGE and SEC, analytical IEC and apoptosis bioassay. The SDS-PAGE analysis,
as shown in Fig. 6, demonstrates that QHP load pool and eluate samples contained highly
purified CAT-8015. However, the QHP load pool did not meet target specification for
purity by SEC, IEC and relative potency. Purity and potency measurements for the QHP
load pool as compared to the QHP eluate pool, as presented in Tables 6 and 7 below,
demonstrate that the anion exchange chromatography step with QHP resulted in a
significant increase in purity by SEC, IEC and relative potency of CAT-8015. The QHP

load pool was generated from Intermediate Purification Step I1.
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Table 6
CAT-8015 Purity by SEC
Step % Monomer % Aggregate % Other
QHP Load Pool 92.7 0.7 6.6
QHP Eluate Pool 99.0 1.0 0
Table 7
CAT-8015 Purity by IEC and Bioactivity
Step % Pre-Peak % Main Peak Relative Potency
(%)
QHP Load Pool 50.3 49.7 51
QHP Eluate Pool 17 33 75
[00153] The QHP product pool was subsequently diafiltered into formulation buffer to
generate CAT-8015 drug substance.
[00154] Examples 2-4 demonstrate the capacity of anion exchange chromatography with

resins such as Q Sepharose High Performance to separate deamidated CAT-8015 from
intact CAT-8015 and to increase its relative potency to meet target specifications (see
Tables 4 and 6). Deamidated CAT-8015 differs from intact CAT-8015 by one additional
negative charge. In contrast to the expected elution behavior from an anion exchange
column, the bulk of deamidated CAT-8015 elutes prior to intact CAT-8015 under salt
gradient elution conditions (see Tables 3 and 5). This unexpected clution pattern was
observed at analytical scale, bench scale, and large scale anion exchange chromatography.
This elution pattern was unexpected as the linear high salt elution buffer would be
expected to result in a higher negative charge of the variant. Thus, Examples 2-4
demonstrate that using a linear elution buffer, a deamidated species can be removed from
active immunoconjugates using anion-exchange chromatography.  Separation of
deamidated CAT-8015 from intact CAT-8015 took place within a particular range of

conductivities, underscoring the need for high resolution anion exchange resins, careful

control of elution conditions and in-process testing of collected fractions.
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Example 5. Modifying the bioactivity of CAT-8015 formulations

[00155] The potency of CAT-8015 compositions was calibrated by mixing specific
quantities of the deamidated pre-peak with the active main peak. To obtain compositions
comprising a particular potency of CAT-8015, aliquots of CAT-8015 pre-peak product
were combined with aliquots of CAT-8015 main peak product to achieve a composition
with a particular potency of CAT-8015. By controlling the level of CAT-8015 potency in
the composition, a CAT-8015 formulation was generated for administration of a

particular volume of reconstituted CAT-8015 at a desired dose.

Example 6. Adjusting pH During Solubilization Results in Reduced Deamidation
Species as Measured after Capture and Intermediate Purification Steps

[00156] While deamidated species can be removed from active immunoconjugates using
the purification steps as described above, levels of deamidated species of CAT-8015 can
also be effectively reduced by adjusting the pH at earlier steps in the purification process
(i.e., the refold step (Step 4 of Table 1 above). The refold procedure utilized to achieve a
lower level of deamidated species of CAT-8015 includes the following substeps:

[00157] Refold Substep 1: Solubilization, Clarification and Concentration: VH-PE38 and

VL inclusion bodies were thawed for 12-24 hours at room temperature (15-30°C). VH-
PE38 and VL inclusion bodies were combined in a 1:1 molar ratio and adjusted to 15%
(w/v) solids by adding 50 mM Tris, 20 mM EDTA, pH 7.4. The inclusion bodies were
solubilized by adding 5 kg of inclusion body solubilization buffer (50 mM ethanolamine,
8 M urea, 0.5 M arginine, 2 mM EDTA, 10 mM DTE) for each kg of 15% (w/v) solids
inclusion body suspension. The pH of the inclusion body solubilization buffer was varied
between pH 9.0 and 10.5 in 0.5 pH unit increments. Solubilization was carried out for 2
hours at room temperature (15-30°C) with constant stirring. Solubilized inclusion bodies
were clarified by depth filtration through a series of filters. The clarified filtrate was
concentrated by tangential flow filtration to 5-6 g/L using a 5 kDa molecular weight
cutoff (MWCO) ultra filtration membrane.

[00158] Refold Substep 2: Refold: The refolding of CAT-8015 was initiated by a 10-fold

dilution of the clarified and concentrated inclusion body filtrate into pre-chilled (2-8°C)
refolding buffer (50 mM ethanolamine, 1 M arginine, 2 mM EDTA, 0.91 mM oxidized
glutathione, pH 9.5). The refold solution was maintained at 2-8°C for 48-72 hours with
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desired dose. Exanpie 6. Adjusting pH'During Solubilization Results in
Reduced Deam t@ni emp8petd es as Measured after Capture and |Internediate

Puri fi Cat[b(ﬁ%OISt €PSAs part of the intermediate purification step 1, hydroxyapatite chromatography
was performed. The hydroxyapatite chromatography step was operated as a flow-through
chromatography step. The product obtained from the capture step above was loaded
directly without any further adjustments onto a ceramic hydroxyapatite column (Bio-Rad
Laboratories or equivalent) equilibrated with 400 mM potassium phosphate, 200 mM
sodium chloride, pH 7.4, followed by 20 mM potassium phosphate, 200 mM sodium
chloride, pH 7.4. Under the conditions of the chromatography, the product was collected
in the flow-through fraction (HA product). The column was stripped with 400 mM
potassium phosphate, 200 mM sodium chloride, pH 7.4, sanitized with 1 N sodium
hydroxide and stored in 0.1 N sodium hydroxide at room temperature.

[00161] The percent pre-peak in the HA product from above was analyzed by high
performance anion exchange chromatography. Table 8 and Figure 7 show the percent
pre-peak in HA product as a function of solubilization pH. As shown in Table 8 and
Figure 7, solubilizing the VH-PE38 and VL inclusion bodies at a lower pH leads to less
deamidated CAT-8015 product. The capability of controlling CAT-8015 deamidation at
an early step in the renaturation and purification process can increase overall process

yield while maintaining the quality of the final purified drug substance.
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[ 00161] The percent pre-peak in the HA product from above was anal yzed by
hi gh performance ani on exchange chronmat ography. Table 8 and Figure 7 show
t he percewO 2pripeak in HA product as a function of sol mbirluszatioess2zpH. As
shown in Table 8 and Figure 7, solubilizing the VH PE38 and VL i ncl usion
bodies at a lower pH leads to | ess deam dated CAT-8015 product. The
capability of controlling CAT-8015 deadidation at an early step in the
renaturation and purification process can increase overall process yield
whi | e maiypfiairns g Afh@aial ity of the final purified drug substance. - 46 -
Table 8 Percent Pre-Peak in HA Product as a Function of Solubilization pH
Solubilization 9.0 9.5 10.0 10.5 pH

1. A method of purifying an active immunoconjugate, wherein said immunoconjugate is
deamidated at one or more residues, and wherein said deamidation results in an inhibition of
potency of said immunoconjugate, the method comprising: (a) contacting the immunoconjugate
with an anion exchange AIEX chromatography matrix; and (b) eluting the bound
immunoconjugate from the AIEX chromatography matrix with a high salt buffer, thereby

separating the active immunoconjugate from the deamidated variant.

2. A method of producing a purified polypeptide from a solution comprising the
polypeptide and an acidic variant of the polypeptide, wherein said acidic variant of the
polypeptide results in an inhibition of potency of said polypeptide, the method comprising: (a)
contacting the polypeptide with an anion exchange (AIEX) chromatography matrix; and (b)
cluting the bound polypeptide from the AIEX chromatography matrix with a high salt buffer,

thereby separating said polypeptide from the acidic variant and producing a purified polypeptide.

3. A method of producing a purified polypeptide or immunoconjugate from a solution
comprising the polypeptide and an acidic variant of the polypeptide, the method comprising: (a)
producing the polypeptide or immunoconjugate in a bacterial cell which expresses the
polypeptide or immunoconjugate; (b) isolating inclusion bodies containing the polypeptide or
immunoconjugate from the bacterial cells; (¢) refolding the polypeptide or immunoconjugate
isolated from the inclusion bodies; (d) contacting the composition containing the polypeptide or
immunoconjugate with an AIEX chromatography matrix; and (b) cluting the bound polypeptide
or immunoconjugate from the AIEX chromatography matrix with a high salt buffer, thereby

purifying the polypeptide or immunoconjugte from the solution.
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nmet hod of purifying an active immunoconjugate, wherein said i munoconjugate
i s deam dsoedi2atsane or nore residues, and wherei n sai d Pdgarse@atoussed resul ts
in an inhibition of potency of said i munoconjugate, the method conpri sing:
(a) contacting the inmunoconjugate with an ani on exchange Al EX

chromat ography matrix; and (b) el uting48he bound i mmunoconjugate fromthe
Al EX chromat ography matrix with a high salt buffer, thereby separating the

active | mmnogomhéjﬂgithgd Bf c@emntj.'& 3d§1ﬁ&]eﬂ"ﬁeeﬂldf@{;drﬁﬂttls a deamldatgd vaftafiet hod of
producing a purified polypeptide froma solution conprising the pol ypeptide

and an acidic variant of the polypeptide, wherein said acidic variant of

t he pol ypeptide results in an inhibition of potency of said polypeptide,

the nethod coflpfhsmagod phgnybpleies -AgVhgrdn Hﬁwﬁgﬁpﬁtaécwtw %temﬁmne
exchange (Al EX) chromatography matrix; and (b) eluting the bound

pol ypept |aﬁétef“f?aé¥ri‘mﬁél%ll%g<ha@&‘?%fﬁ’aﬁsography matrix with a high salt buffer,

t her eby separating said pol ypeptide fromthe acidic variant and producing a
purified pol ypeptide.

5. The method of claim 4, wherein the AIEX matrix contains a quaternary amino (Q)
group.

6. The method of claim 5, wherein the AIEX matrix is Q sepharose.

7. The method of any of claims 1-6, wherein the polypeptide is eluted with a linear or

step salt gradient.
8. The method of claim 7, wherein the polypeptide is eluted with a linear salt gradient.

9. The method of claim 8, wherein the linear salt gradient is from about 150mM NaCl in

Tris/HCI, pH 8.0 to about 300 mM NaCl in Tris/HCI, pH 8.0.

10. The method of claim 9, wherein the linear salt gradient is from about 175mM NaCl

in Tris/HCI, pH 8.0 to about 275 mM NaCl in Tris/HCI, pH 8.0.

11. The method of claim 9, wherein the linear salt gradient is from about 192mM NaCl

in Tris/HCI, pH 8.0 to about 245 mM NaCl in Tris/HCI, pH 8.0.

12. The method of any of claims 1-11, wherein between about 75 to about 99% of the

acidic or deamidated variant is removed.



3. A nmethod of producing a purified polypeptide or immunoconjugate froma
sol ution conprising the pol ypeptide and an acidic variant of the

pol ypept iweo,20t2ma59et hod conpri sing: (a) produci ng the peCyaspaildesses

i mmunoconjugate in a bacterial cell which expresses the pol ypeptide or

i mmunoconj ugate; (b) isolating inclusion bodies containing the pol ypeptide
or i mmunoconjugate fromthe bacterial -d8Fls; (c) refolding the pol ypeptide
or immunoconjugate isolated fromthe inclusion bodies; (d) contacting the
conposi i on Ceat &hnkhol e AR YREMIR oflu KITUNEOREHORE Beafifidhe PrithEX
chromat ography matrix; and (b) el uting the bound pol ypeptide or

i nmunocon h g&%e fronlthe Al EX chromat ography matrix with a high salt
buffer, thereby purifying the pol ypeptide or i munoconjugte fromthe
solution. - 48 - 3. The method of claim2 or 3, wherein the acidic
variant is a deam dated vari ant 4. The nethod of any of clajns 1-3,
wherei n t he AlEXThameihed obkap 3 wisazie pbrt ¢ S%mirke adic pedeamidaedayaraet is on
exchange groups. 5. The nmethod of claim4, wherein the AIEX matri X
cont ai ns '&gM¢j¢dt ernary amino (Q group. 6. The nethod of claimb5,
wherein the AIEX matrix i s Q sepharose. 7. The nethod of any of
clains 1-6, wherein the polypeptide is eluted with a linear or step salt
gradi ent. 15. Bhe kRMOIRY BRMEN o3, WheddiMafout WOBR! &1 the 4di@c PO LNRBMIdORirHast i€l Ut ed
with a linear salt gradient. 9. The nethod of claim8, wherein the

| i near sabtho@gadient is fromabout 150mM NaCl in Tris/HC1, pH 8.0 to about
300 MM NaCl in Tris/HCL, pH 8.0. 10. The nmethod of claim9, wherein
the linear salt gradient is fron1about 175mM NaCl in Tris/HCl pH 8.0 to
about 275 mM NaCl in Tris/ The .me f claim),
wherein the | ithedPe &5t d@ff ﬁtg') ‘?’lger‘f"i‘ Bli’ﬁ“él%ﬁ‘tgfl@eﬁﬁwlf\lﬁ é)aﬁ'di RS pH
8.0 to about 245 mM NaCl in Trls/HC1, pH 8. 0. 12. The nmethod of any
of clai mMFY. wherein between about 75 to about 99% of the acidic or
deam dated variant is renoved.

17. The method of claim 12, wherein about 96%, 97%, 98%, or 99% of the acidic or

deamidated variant is removed.

18. The method of any of claims 1-17, wherein the polypeptide or immunoconjugate

comprises an antibody or antigen binding fragment thereof.

19. The method of claim 18, wherein the antibody or antigen binding fragment comprises
a Fab, a Fab', a F(ab"),, a Fd, a single chain Fv or scFv, a disulfide linked Fv, a V-NAR domain,

an IgNar, an intrabody, an IgGACH2, a minibody, a F(ab'); a tetrabody, a triabody, a diabody, a

single-domain antibody, DVD-Ig, Fcab, mAb?, a (scFv),, or a scFv-Fe.

20. The method of claim 18 or 19, wherein the antibody or antigen binding fragment

binds a cell surface receptor.

21. The method of claim 20, wherein the cell surface receptor is CD22.



- 49 - 13. The nmethod of claim 12, wherein about 80% of the acidic
or deanmi dated variant is renoved. 14. The nethod of claim 12,

wher ei n avoun1286%910f t he aci di ¢ or deam dated vari ant i $CTAsoMaM45524

15. The nmethod of claim 12, wherein about 90% of the acidic or deam dated
variant is renoved. 16. The nmethod of claim 12, wherein about 95% of
the acidic or deanmidated variant is redfBved. 17. The nethod of claim
12, wherein about 96% 97% 98% or 99% of the acidic or deam dated vari ant

is removed. 55 e WtholiNG HBTIIARIAL 1810Y whkreld @b %gfg?éﬁ]tizie OME%h&ohﬂgate

pol ypepti de or i mmunoconjugafte conprises an antibo or antigen binding
fragnentcgggiﬁgg/omn 19. The nmethod of claim 18, wherein the antibody or
antigen binding fragnent conprises a Fab, a Fab', a F(ab')2, a Fd, a single
chain Fy or scFv, a disulfide Iinked Fv, a V-NAR domain, an IgNar, an
i ntrabody, an |gGACH2, a m ni body, a F(ab')3, a tetrabody, a triabody, a
di abody, ~a si Ayl EbxiBaEPHh ohslpinbddyvhe P doxXIEB gplectphom the groprgypistipg 0t
scFv- Fc. 20. The nmethod of claim 18 or 19, wherein the antibody or
anti gen Hiseidiorgrdsreagioutis riginnapsingdiphtheriasigrin gae splweepthereof, 23 welfihe bawlined of
claim 20, wherein the cell surface receptor is CD22.
toxins A through F or variants, or derivatives thereof.
24. The method of claim 22 or 23, wherein the toxin is a Pseudomonas exotoxin, or

variant thereof.

25. The method of claim 24, wherein said Pseudomonas exotoxin, or variant thereof

has an amino acid sequence selected from the group consisting of SEQ ID NOs:16-22.

26. The method of claim 24, wherein said Pseudomonas exotoxin, or variant thereof

has the amino acid sequence of SEQ ID NO:22.

27. The method of claim 18 or 19, wherein said antibody or antigen binding fragment

thereof comprises a VH and a VL sequence.

28. The method of claim 27, wherein said VH sequence is selected from the group

consisting of SEQ ID NOs: 6-11.

209. The method of claim 27, wherein said VL sequence is selected from the group

consisting of SEQ ID NOs: 2, and 12-15.
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or i nmmunoconj ugate conprises a toxin. 23. The nethod of claim 22,
wherei n twe 20xi1mi12s sel ected fromthe group consi sti ngPoff/USBE@®dssaDNas
exotoxin, ricin, abrin, diphtheria toxin and subunits thereof, as well as

botuli numtoxins A through F or variants, or derivatives thereof 24.
The method of claim 22 or 23, wherein-the toxin is a Pseudononas exot oxi n,
or vari ant thereof 25. The nethod of claim?24, wherein said

Pseudomonas exet @l Metd HednlyaHcidien1e9f wWhaSitihe %lg&}gptﬁlgioﬁi imfRH& e fagate
sel ected fromthe group consisting of SEQ I'D NOGs: 16-22. 26. %he
nmet hod of i 4 . Ln.said P Of% i I eof
nas the S Ra e dniaaeealieR) i SFHAERAGE MERR 0P hyd ST AR CYL m
18 or 19,  ywherein said antibody or antigen binding fragnent thereof

conprises a VH and a VL sequence. 28. The nethod of claim 27,
wherein said VH sequence is selected fromthe group consisting of SEQ ID
NGs: 6-11. 29. The nmethod of claim 27, wherein said VL seguence is

sel ect ed fromPtheThe cughebéi deimmglofvhsRo |ty Nmgrungconpgefe 15- thg CATEP1S

30. The nethod of any of clains 1-29, wherein the pol ypeptide or

i Munoconnoyactexis sappiikesthary mahtis-abat GiEGbHANQE apththe gersubimdeiigEQ@ Hagment
thereof and a PE or variant thereof 31. The nethod of claim 30,
wher ei n ™&2i munoconj ugate is the CAT-8015 i mmunotoxi n conprising the

VH PE38 subunit of SEQ ID NO 1 and the VL subunit of SEQ I D NO 2.

32. A composition comprising a purified immunoconjugate having less than between
about 25% and about 1% deamidated species, wherein said immunoconjugate is purified by the

method of any of claims 1-31.

33. The composition of claim 32, wherein less than about 25% of the deamidated species

is present.

34. The composition of claim 32, wherein less than about 20% of the deamidated species

is present.

35. The composition of claim 32, wherein less than about 10% of the deamidated species

is present.

36. The composition of claim 32, wherein less than about 5% of the deamidated species

is present.

37. The composition of claim 32, wherein less than about 3% of the deamidated species

is present.



32. A conposition conprising a purified i munoconjugate having | ess than
bet ween about 25% and about 1% deam dated species, wherein said

i Mmmunocomvogat21sE2purifi ed by the nethod of any of cl aPEB/UB2@1/045524 33.
The conposition of claim32, wherein | ess than about 25% of the deam dated
species is present. 34. The conposition of claim 32, wherein |ess

t han about 20% of the deamn dated speci-€8-is present. 35. The
conposition of claim 32, wherein | ess than about 10% of the deam dated

species is pr 8§ eMthe com osmon gf’clafﬁh@ Qfx@l%ﬁlsfegs tRih Qou?i%'om@%eamgeg 'sﬁbcle@ss
t han about 5% of the deam dated spécies is present. 37. The conposition of

claim 32, wherein | ess than about 3% of the deam dated species - 52 -
38. The conposition of claim32, wherein | ess than about 2% of the
deam dat ed species is present. 39. The conposition of claim 32,

wherein | ess than about 1% of the deam dated species is present. 40.
A phar maceut i &l Teoegaoritipy Al eaimpid. sihatsin ks tbma@vb%omhﬁrﬁ@%w,a@@ameéwéf any
of clainms 32-39 and a pharmaceutically acceptable carrier. 41. A
conposi t ioRreE8hpri sing a purified i mrunoconj ugat e having | ess than between
about 20% and about 1% deam dated species, wherein said i munoconj ugate
conprises an anti CD22 anti body or antigen binding fragnment thereof and a PE

toxin or variamt At fhReeRbutical compodiion THEpSGIPMS iphiHHEY Mmﬁioé‘d)ﬂjﬁ & ofAGTRI N
sai d i mmunoconj ugate conprises the VHPE%B subunit of SEQ ID NO 1 and the VL

subuni t  QfaineE$-8PaN@ pharmaceutically acceptable carrier.

41. A composition comprising a purified immunoconjugate having less than between
about 20% and about 1% deamidated species, wherein said immunoconjugate comprises an anti-

CD22 antibody or antigen binding fragment thereof and a PE toxin or variant thereof.

42, The composition of claim 41, wherein said immunoconjugate comprises the V-

PE38 subunit of SEQ ID NO:1 and the Vi, subunit of SEQ 1D NO:2.

43. The composition of claim 41, wherein said purified immunoconjugate has less

than 20% of deamidated species.

44, A unit dosage form of a purified immunoconjugate in the range of 0.1 mg to 6 mg,
wherein said immunoconjugate comprises an anti-CD22 antibody or antigen binding fragment

thereof and a PE toxin or variant thereof.

45. The unit dosage form of claim 44, wherein said immunoconjugate comprises the

Vu-PE38 subunit of SEQ ID NO:1 and the Vi subunit of SEQ ID NO:2.



43. The conposition of claim4l, wherein said purified i nmunoconjugate has
| ess than 20% of deam dat ed speci es. 44, A unit dosage formof a
purified wormraasmpugate in the range of 0.1 ng to 6 ngpPCRESz@ilN4Sa4 d

i mrunoconj ugate conprises an anti-CD22 anti body or antigen binding fragnent

t hereof and a PE toxin or variant thereof 45. The unit dosage form
of claim44, wherein said i munoconj ugaBe conprises the VH PE38 subunit of
SEQ ID NO 1 and the VL subunit of SEQID NO 2. - 53 - 46. A

fornul ation cogpi giAdaddecmensidd Wmliianyr oy & @i 332343430 ka@lonk east
one excipient selected fromthe group consisting of sodium chloride,

pot assi u hyd t dj I: y p : i.m
e R e S S S T U
any of cl aj . IS / - g sodi um phosphat e,
298 sucr ol S0 TRHE o R4 DRt B IR B el Rl =3 26" The
formul ati on of claimany one of clains 41 to 43 that is further

| yophi | i zed. 49. A method of nodifying the bioactivity of a

pol ypept i de séf-ut i drfoEphgionsomgridng dicygempesiden ey pf ¢eans datégowariizgt | t he
met hod conprising separating the pol ypeptide fromthe deam dated vari ant by
| i near elmg/inbr°AN-BX Scin 26 melYlsgdiamiphosphatd, €6 iireiengotgisingud.N3% edlyporbatp&pt i de
and deam dated variant in fixed quantities to obtain the desired

bi oact i vi(P§80nfpH hé. pol ypepti de sol uti on. 50. The net hod of any of
clainms 24-27, wherein said one or nore deam dated residues are present
wi thin the Pseudononas exotoxin or variant thereof 51. The net hod of

claim47, whenei pyS@ifhhdIRIPeRARNEHAR: O LRinRNE 088 1hYis e ARLMIAQ! d
sequence of SEQ ID NO 1 and is deam dated at position 358 of SEQ ID NO 1.

52. The nethod of claim 3, wherein refolding the polypeptide or
i munoconj ugate i solated fromthe jincl|usjon bodies conprises solubilization

of inclusion Badi%ednehod;olpofidying the, Boagvity 4 PRIMPPLEE SelUeL GEMPIINED2 5.

polypeptide and a deamidated variant, the method comprising separating the polypeptide from
the deamidated variant by linear elution AIEX chromatography; and combining the purified
polypeptide and deamidated variant in fixed quantities to obtain the desired bioactivity of the

polypeptide solution.

50. The method of any of claims 24-27, wherein said one or more deamidated residues

are present within the Pseudomonas exotoxin or variant thercof.

51. The method of claim 47, wherein said immunoconjugate is encoded by the amino

acid sequence of SEQ ID NO:1 and is deamidated at position 358 of SEQ ID NO:1.

52. The method of claim 3, wherein refolding the polypeptide or immunoconjugate
isolated from the inclusion bodies comprises solubilization of inclusion bodies at a pH in a range

of about pH 9.0 to about pH 10.5.



- 54 - 53.The nethod of claim3 or 52, wherein refolding the pol ypeptide or
i nmunoconj ugate isolated fromthe inclusion bodies conprises solubilization

of inclusworotrads|ag at a pH of 10.5, a pH of 10.0, a pHrofi/tS2&,1/005529H of
9.0.

_54 -

53. The method of claim 3 or 52, wherein refolding the polypeptide or
immunoconjugate isolated from the inclusion bodies comprises solubilization of inclusion bodies

at apH of 10.5, a pH of 10.0, a pH 0f 9.5, or pH 0f 9.0.



