WO 2010/ 085251PCT/ US2009/ 031678 GALACTOSE- ALPHA- 1, 3- GALACTOSE- CONTAI NI NG
N- GLYCANS | N GLYCOPROTEI N PRODUCTS DERI VED FROM CHO CELLS FI ELD OF THE

| NVENTI ONVOR0B88525The present invention rel ates to nmet hBES/USAYINEIEE i al s
for the detection of particular glycan structures in proteins expressed
from manmmal i an cel |l expression systens. BACKGROUND OF THE | NVENTI ON [ 0002]
Many reconbi nant therapeutic biopharnaceutical products are produced in

mammal i an cel |l cultures such as i nese
MVammal | SHACEPSE-LP At e d- BILACHIET Q?W@&NH%F %It‘ﬁ@‘qu e@f‘b%@(ﬁ'g—‘%'r%é&stp‘e{%ucs’f ch as
yeast and-PFOKEYotti% &Yt ems for the production of reconbinant
gl ycoproteins, largely because the manmalian cell cultures produce
gl ycoproteins with glycosylation patterns that are generally recogni zed and
tol erated by humans. [0003] The potentially adverse effects of term nal
al pha-1inked gal actose (gal - &iELIBOFAIHE INVikKRGeSNar e known Chung et al ., N
Engl J Med, 358:11 (2008). |t has been previqusl orted that such
ternlndpmﬂﬂﬂﬁﬁpgaP“WPﬁRQ@b§hﬁ?é0HEﬂ“HF@§ prepips ﬁéé& tﬁﬁﬂPongﬂﬂ'woteins
pr Oduc%g s tl{i)l@sﬁl 1! Rk @(plg(@di VoGRS 11 ckfresfAPkRs. Whil e an

[

anti - ody, Canpath, produced in NSO a murine-devel oped nyel ona
cell line, includes potentially immnogenic glycoforns havi ng nonreduci ng
term nal al pha-1inked galﬁ&&ﬁ%@yﬁ%ﬁbﬂ%ﬁ?Hquﬂﬂﬁ&ﬁCﬁiOduced from CHO cell s
contained primarily thre stent with normal human

| gG Shea}l?y\/[‘ﬁiv ra¢ombikmathetipedic Bodaheacsticay pdictd B2 -ptddic¢dDITImmBUNMVARY OF
THE | NVENTI ON 004]_ The ese V. ion is based, i rt, on the

di scoverl) Chifges 3 FD&b%PB?%? “ﬁ?g%ﬁ% 6%%5 qfe@@ﬁﬁwﬁﬁﬂf“@fﬁﬁ%%T?% contain

gl ycan §$fU‘1‘§J B B e 5\*})1&31'61?1\'{7@&1119@1'(:@@{ 0&8r A brodap@tia ey @&hs ok Aleagesictivhi ch
can have del eterious effects on the use of such glycoproteins for

t her apetr ¢®H}mrapbslés0pr<ﬂ©m~ dxrgply becauarithic mastmatap sl eeltgeseBst ei ns with
term nal , 0 r-aRs Ingad to
the 1 or T AP Al S L B R o R

pat i ent{80033amb pbieatialBulisegeefifctadntmiisd rammmnsew\g,ductdse (dabsis| fehl dinkages or
even cause adverse hy ersensitivi t¥ reactions in the %I ent

2010/ 0852kaPeT! sEroal 3 kayd P[‘B‘béé ltéfﬂ‘mrlyh%&e‘flhh’@‘”ﬁ}l Vipgeeq &p‘cﬂ‘fﬂhg,

Appl i capt.§,0a AVshaSMl pllll\ﬁé\nﬂé Mot PLagk ih habonikhOaLEdB@Bhs Hroacddddy @inese
reconmbi nant gl'yeopr ot er’ns duce in CHO celT cultures may exhibit the

pr esenddamaftert@vany (A Opadllsa- EOI&\glal)lel Whlkta@;e«glfl pPese nntibegy: Ganpsh-epedussd f or
adverse r, tions t rote and r r

pati en +18 ddb%]ne v?lopese Ollnan \c/ée:lF{?lge 9%&11(1@ ﬁcggﬁ aﬁv %%Eé&éeqlgr n;g\dcotf& Hl\

whi ch aieingsehteduding tek 1hﬁlapilpld1=llilﬁlled maaatdwamatwcsl € an)path esdtddnfanmy CHO

gl yeoproteins fromCHO cells and co 05|t|ons cont.ai ni ng such .
egeopr%ﬁéFﬂgmnﬁhﬁﬂéﬁﬁ)pHﬁfﬁV?ggﬁPdggFh§e€8ﬁﬁ¥P§§“ﬁHHUP%€@8” ¢§., reduced
or, in §ORyEANEInalvRENFRSAMIdS VA0S 1bergwnal gal -a- 1, 3-gal |inkages.
[0007] Thus; in a first aspect, the present invention conprises nethods for
eval uating a Chinese Hanster Ovary (CHO cell population. In certain

enbodi ments, the testing ”%ﬁﬂ@&hi lH98SE INnVENTION®) Providing one or nore
CHO cel I's fromthe populatrnn*‘a%gf——————‘tb%;ﬁﬁa§ur|ng gl yeans cont ai ni ng
ternlnqMogqraen@aemahﬂhmeﬁvamgaLanmmsenMasﬁdnesvMngUcaHOEyh$aumC@bﬁ¢m
wherein the CHO cells have nqt bean enet cal | glglneerelgSe Xpress an

al pha- g@F%B@B@VﬂTﬂP&ﬂ§F€P@§€§wﬁﬂﬁﬂﬁd S e 6%““%6@ FIOFRS ' mr ?ﬁg step may
i ncl Udelugﬂ%e finlcR€ad R!\leQWle'ﬂQrou( eS8 @t 'uQQofgthM?QPEdﬁ&blﬂs fRRIRGMRadc by t he
cells an asurlng the glyeans containing termnal gal actose-al pha-1-3-

gal act ogEPresi Etuetsamnleth‘@llgllﬂ!@@p)rocf@éwnlslOtt:(lb)Wlﬂsfsrnalnlﬁln?élﬂa gppbekaRpgto

gl yeoprotein_.ca roduc t | yeans
cOnt ai nllqué‘mf é?lmgll)el&lgpu%)gbeg Say ewhpcyt 1E gonngig% agt{ %Es;'lgocigglg;lsgﬂl'ggﬁgh 1'8? % Y ool at ed
gl yeopr gt@hbinGQEpasplotcdnin [{ati}ntk, sol:laﬂlmmbgdqyaamSmfmqmigﬂlxy\emlpJedte|eﬁ‘sctpreoduced
by the cells and neasuring the. glyeans cqntai.ning term nal
galacto@éﬁF%H&bﬁ“éwﬁaﬂaﬁ?ﬂg%“W8¥ﬂﬁ%%@“‘ﬁ ¥Ratit¥ol at ed gl yeans, (d) cleaving
nonosacchari des from gl yeans present on the glyeoprotein or the one or nore
CHO cells, and detecting the term nal rel eased al pha-gal actose residues
fromthe cl eaved nonosacchari des, (e) brOV|d|ng at | east one peptide froma
gl yeoprotein produced by the cells, and neasuring the gl yeans containing
term nal gal act ose- al pha- 1- 3-gal act ose residues on the at | east one
peptide, (f) measuring a relative |level of glyeans containing termna

gal act ose- al pha- 1- 3-gal act ose resi dues on the gl yeoprotein by neasuring

gl yeans on the cell surface of the one or nore CHO cells. The techni que
used to neasure termnal gal-a-1,3-gal |inkages can include one or nore of
the follomnng nethods and conblnatlons of any of these nethods

e o o, I



WO 2010/ 085251PCT/ US2009/ 031678 resonance (NVR) net hods, nonosacchari de
anal ysi s, fluorescence nethods, UV-VIS absorbance, enzymatic nethods, and
use of a WEZBWYU8¥¥1nvl ecul e (such as an anti body or | ecPCHUS2Q908B]8 The
source of glycans for the neasuring of step 2 may be selected fromthe
group consisting of: the population of CHO cells; glycoproteins or glycans
expressed at the surface of the CHO cells; peptides derived fromthe

cl eavage of proteins present on the surface of the cells of the population
of CHOfIs| TionBhy G 08s 19@@%@@&&&5114 ﬁ%pﬁé&hfx@ﬁ@e Qfrpliigs 1P ik At @ Qi o@fficGidO
cells; glycoprotelns secreted or expressed Le popul ati on of CHO cells,
an i solfateen ‘gﬂ 1yemph1mne ghycentplicss proticyt o UEe Celk E}Fl@‘s@‘eﬂd\’f PoHiEh P @es Pf or

popul ati on C€ . eptk X £ { Iy
express?Bﬂmngdﬁ t e§h9%§5e@1 mnulqﬁ%iﬁggeﬁ(ﬁgp&%éﬂﬁ k?oﬁqnggg$§¥cells or
9|ycan§mﬁﬂ.lﬁﬁﬂu&E@&hhﬂ@ahﬁ@hﬁh&d~prote|n expressi on product expressed from
or directly froma popul ation of E}KDFQAf » bn sone gnp l ment s,
t he neﬂWHW]JﬁéHﬂ6§§tWP@&FWh@“%“@HuWH@“@P¢gP9 angthets YhirbopeptEsohith one
or nor Efn&ﬁl?g!) Kcﬁgﬁ' HRRRis bf“%é&%bﬁl%ﬁ%%@%@&?«' aohPTIH@sS& e NEMNMBompARitloaved by
anal ysi's o | ycan popul ation In some enbodi ments, the nethod

used preoviathesg alcmga’r@t)pltoaiulwwhmalsﬁ}? el»@mngr@ybag@gnmﬁtl@ﬂhluaWd £.8r figdyagd or.

gal act ase- al ctpose residu ne enbodi nents, the nethod
used pHBVWH%‘”E‘&H&Pg?Q??$g %gﬂFg ﬁ 6ffT§ﬁ%h§8ne enbodi ment's, the method

al so includes preparing a glycoproteln preparatlon froma culture of the

CHO cel | s, cleavin% one or nore glycans fromthe ycoprotein preparation
(e.g., 0947 Tome ior Tivsrercgh 9@0&‘?‘6%@@%@“&19’6 ROTHRIISES e mdaf%@’t’ﬁg?‘%sle%‘“““e
a-1, 4-qal i ?&Cf{ A ﬁ%‘il %ﬂ;ulﬁﬁ& (&Eﬁﬁh gﬁ%@@l)nenﬁmmc: E@Qﬁ@uﬁﬂeﬂgdtlnﬁuﬁl ycans
contalnlng ermna dtbse- a a- 1-3- gal act ose residues. [0012] In

certain enb@dinemt@;<mhenm&hh@ﬂchxﬂeﬁndubtedﬂduwmnguh production run for a
t herapeutic co bt ai, o | om, HO.& cul ture of
the pr oduct it g)nl}g?q\ﬁléll glvaan\)é?lgalh%lt Q?l gnﬁlﬁ}ggn & l]r)lqa P] Q?J&u“ I %Irl)lll? Sduct i on.

In cer t]ﬁlbdllcetﬂb@ddlmtsswlxéxbﬂ tﬂ@@H@rdeﬂgh&teemt b&nreepantiédedtindesdsd cones over
time, e.g., the nmeasuring step is repeated at | east once, twice, three

ti mes oW atlﬂﬂ’rﬂé:dladIPPYlﬁngfﬁei‘?F "HEANGECof culture of the CHO cells. In other
errbOd'CEg 'Iihtcbl?eam?rhh(lgep lﬁa\ﬂﬁgﬂq&'@&%ff?ﬁ‘e ﬁllg‘l’v}fﬁo&r Qbﬁi'tlﬂa BryeEM6ieiRr oduced
from . 0., part of a'quality or rel ease estln? of the
gIycopnub@mndpvdﬁutﬂ~MBDOQBTUmmmSehemembowhmmm@enm@MEhwﬁeseb g3t ep

i ncludes, ¢ < % gan [ S

gal act DU S Rat I e SEGaRn i GALRE TR ST Mbonition. v at i on
pr oducggoducedbatifei celt alﬁnﬂwxaltuhd)ﬂhe afycHQoaeinigg mmnhhﬂe,al&wedz alpha-gldscans
containing termpal 3 WO 2010/ 085251PCT/ US200 /03} 8 f

gal act cEECEsH Fraldyesoyhe sofabekelyoRrdeia SOMROY W £ 1Y a@‘l‘“ Sb5PBYE™ preparati on
pr OdUCque‘oﬁamlﬁx ﬁ%GQ&q prlPéJéeﬂt bRNMEeisuhiOR el @ns dontSaAR oMl @hesiement s,

gl ycans of "a gl ycoprotein preparation fron1popu|at|ons of CHO cells

cul t ur edphanbtérzabictofereaidtiesdn thairdated alicansonl clgpeng Brospsir vl derfirre shsatved.
[0014] ]LIQ\CSI on he %8’ 15?&“{ Srtnd Ell?e HJ‘rQ‘éH@éfelﬂ%ﬁiﬁ%fcc&?%% kSl fERPf
comparin the' Tevel™™d gl ycans tarnin

gal act aﬂﬁxeagmham&&@a& &emlolscecleesu dwes~1cdlaa1cleeicanmaellg etledst Oee eepfide o a

control _level, or to a ra in a. ct specifi [ 0015]
I'n cert%@%déﬁ%BHVW%%PsmB?qqﬁéﬂﬁ§¥ Pﬁ@“ﬁﬁat@? &“@f%ﬁdnHWq eghuse of a
det ect i O, FREQHHLA - %hl&'@odeﬁeﬁ@lee oh %edﬁtle%Cttonfe heptRicegemesuting abdaneacal
term nal al pha- galacfos residues. In certain enbodi nents, the de}ectlon
mol ecul & Lpy méemaatealmqabedgct@ﬁaiﬂphdsl asplactors 15piARES1H thegligqpagicin by

al pha- ggl aaﬁmwlb ﬁﬂ'ompeec%u hi%&td}% &{M%@@H@ é%flhtﬁ‘ﬁ’c {PMBAT RBY tof he

det ecti on nolecdl e nprises a lectin. In sone enbodi nents, the detection
nDIeculmeﬁaMHeQMﬁMKeeaajfgm0nm$§emmlnmhﬂtyne@mnaemﬁdwdb@mmopeWﬂEMetwd

[ 0016] The CHO cell paopul ati nal cell po U|Ek£ The
GO cel oMLY £ g epemeody Fgratocerg ol Sampme RO 4 Bl |

cul turegibfod. PleOk §RAGHAE n{e@l{odmr\%'lfx ACt(liaPdelacttpab RPN hide@hytgaaicot ein. I n
certain enbodi nents, the CHO cell popul ati on mnll have been transforned
with at | east one vector encodi ng a therapeutic glycoprotein. The

t herapeutic glycoprotein may be of human, non-human or synthetic origins.
The therapeutic glycoprotein may be for treatnment of humans or veterinary
i ndi cations. [0017] In sone enbodi nents, the nmethod further includes a step
of evaluating a biological activity of the glycoprotein produced by the
cell, e.g., evaluating the presence or |evel of inmunogenic potential of
the glycoprotein, e.g., invitro or in vivo, e.g., in an aninmal node

[ 0018] In a second aspect the |nvent|on conprlses nethods for screenlng

o T o r



(a) providing a plurality of CHO cell popul ati ons wherein none of the
plurality have been genetically engineered to produce term nal

al pha- galwot2osmisszsesi dues on gl ycans (e.g., have not beenTgsp@viosss y

engi neered to express an al pha-gal actosyl transferase codi ng sequence);

(b) culturing each of the plurality of CHO cells under conditions suitable
for expression of a glycoprotein expression product; WO

2010/ 085251PCT/ US2009/ 031678 (c) measuring glycans containing
term n%sogﬁlc@gﬁﬁﬁﬁ'n%tl%ﬂ@;rﬁé&'s%h%e%@lygﬁsﬂlﬂ)‘l‘@%éerﬁ[e%Hﬁ)%g, y-\vagch of the
plurality of cells, and (d) "sel ecting one or nmore of the

pl ur al iabsorkgcCHODZEmAlic medpdy, and el balsedianmeleulpsosearcan antibedyt arlegsin).| evel
of term al act ose-al pha- 1- 3- gal act resj.dues uced by the sel ected
Gro celhg) TSI AR By et S B AR ARl Woub

gal act esssisinploé-te Sopgatiat bOCHO @$lsdilpproaginde daas egilesasithat neasitedoff r om

gl ycoproteins produced by the CHO cell preparations, froman isql ated
gl ycoptlt GhfY cgllp perfSs He%‘feégm thsﬁemﬁaegeeﬁ@%é%m PrpEba e of fhsitefept i des
obt ai nedHerRpuIaticH YITHO QLI f@ly%mrﬁés%h% tRE QFBLt oPfhe HBSUISHIR FRIHO cells;

preparations, fromcell surtace glycans of the CHO cell preparations, or
f r om glelsapropinsaerateil ohexsissed bietdic peHtiomeof CGHY edls) apiselptgd ghicoprstedt from a

gl ycopr.of ei ' t certaj qdi.ent.s,. the
Jc coneR e BT G AL A PRl poplhifF0F LD RARILRER S el e
expr es sioanthp isothtiat protconexiptmsice btodattlckpiresscd fid nne@HOr deligr pbgul itemmfitd O

gal act ose- al pha- 1- 3-gal act gse resjdues on a gl ycoprotein produc t he
elpgc SR S O R e it R RN it st

f urt heor gREGRYIFERSa boRulfloaRFOHEIMART I YontGehhiRliBemY M Qéthed PRORUSA@EhESY|

resi dues present on the glycoprotein expression product. In certain
enbodi #eAtse okglsenns By glyeonchisdes ayith age e B herogbichodnse.drdydipg arelphy

bi or ea : i el | popul ati ons may
conpri ggﬁgosdlh%gégéﬁl?%%ﬁbg%ﬂ k%%a%% glggﬁn @@#@é’r ent clonal cell
popul af@df] Irosonds dnfiterden¢nts drphebod esed provsdusyplqesntitatkemawerx of ghyednsf r om a

cell culture in a nufacturing,train for.a therapeutic.glycoprotein. In
cort ar foubGw e d PSR Bishur BiQ" MR PR ArbS S e R e

W t h atysddgastideyequatietios neiuesdi ng a therapeutic glycoprotein, e.g., a human
t herapeutic glycoprotein. In certain enbaodi nents of the cell screening

met hod [0&1HE Iytamcombadanente s ae8oblspingldes PERAIRE LY OPOE Y PIFRHRH ei n
expres i ng
et hod e B e B o B RS 10 8L R e A o
quant i ggnyithenabnabrea)lyosidgat acthos pi-1,8-esladwedaon il glgatomsotasisnor g-0022] | n

athir spect,. the invention includes a .nethod.for eval uating.a

G yCopr gt BT LT Bt B SRt S S0 BHOE A M D St S HETHEE B3 i ncl udes
measur igactbfieredigdidnt of term nal gal act ose-al pha-1-3-gal actose present in a
gl ycoprot ein conposition, WO 2010/ 085251PCT/ US2009/ 031678 wherein the

gl ycopd@t1g] i estgpoantadancnfinshoypethed sgondpctoddunag e peasiuptéon typdongher ei n t he
CHO ho - t i ' SR

21 pha Sl SEMCER R AEREHAE Shanp ERILNRELER) 4 BT I oductiontine,

t he nmetlrodo holtaddgcanetoctdicniyring erodesten. df c¢rerimemiddiments, the measuring step

gal act oseal pha- 1- 3-gal act ose present in.th Il ycoprotein conposition in a
e e v epen St DA e REa i TOOSHE YR s SR O R R E et hoq
al so i miglcdemot) dadd the tilkecABRsUEHrd iR CHD deB$. Minther embodiments, the

gal act ose- al pha- 1- 3-gal act ose present in the glycoprotein conposition with

a ref e i gnsducted Og R ehigoprobghptodet groduesdei @n tdl @ pdlsi ¢ e ety asiel aThe

ref er encail 6V Rlcab2Rsthe & 1PAGIdptA8hIPRuEE- 9- . an FDA | abel or Physician's
Insert) or quality criterion for a pharnaceutical preparation containing
t he gl YeUZI &t winre @amdosérnts, the. m{B 0] sttminslodes mpedingrthatlicvet bisglyeher ence

l evel aqr _quality.criterion i re than 5%t erm nal . .

gal act Seu sty syfibtortalbRe TbRichost UG Do Sonrasenpisaronion, e g. .
no nor rddaadil forb %fird%opdatddn of IO 20U (RM:evel .0F Yycdfiocobtabg ©rnZib 0. 2%
0.1% or |less. The |l evel of gal actoseal pha-1-3-gal actose present in a

gl ycoprotein conposition can be measured as the |evel of gl ycans cont ai ni ng
gal act ose- al pha- 1- 3-gal actose relative to total anpbunt of glycans in a
sanpl e, such as a glycoprotein preparation. [0026] In one enbodi nent, the
techni que used to neasure termnal gal-a-1,3-gal |inkages includes a

chr omat ogr aphi ¢ net hod.



[0027] In one enbodi nent, the technique used to neasure term nal

gal -a-1, 3-gal |inkages includes nass spectronetry (MS) nmethods. [0028] In
one enbodwvoento/0ssise techni que used to nmeasure term nal @arAB2M0983pas

| i nkages i ncludes el ectrophoretic nmethods (such as capillary

el ectrophoresis). [0029] In one enbodinent, the technique used to neasure
termnal gal-a-1,3-gal |inkages includes nucl ear magneti c resonance (NWR)
met hods. [0030] In one enbodi nent, the technique used to neasure term nal

gal - a- La@e@@-alhhkagestRE Hé%@s 1%%9&91@%01}%?61@91%&)5&%{1& po@@34lroha One
enbodi ment, the techni que used to neasure term nal gal -a-1, 3-gal |1 nkages

i ncl udeeconil popwstze—nd € HR tHbdsin soMOs 01O BEERSIRET USFELGIPETE [0032] In
one, eRdL RS rob ol GRON 310580 SRR A GLT IR 8l Aok s 02

sorbance. I'n"one e
techn|quenumeﬂmknxmﬁﬁ&uue term nal gal -a-1, 3-gal Ilnkages i ncl udes

enzymat | c t hods. [0034] In on nbodi nt t he tech que use asure
termi ni¢ 014k n spme ombpdiments, I@g‘@%tﬁ?‘ﬁ CLFNRILE aéfepé’ %‘PB%?tfigdﬂ t%?lrér’g ule
(such cahk (%ﬂ{a'lrhﬁ)gjﬁérrﬁfnall @%kﬁéﬂlp@@l@zgmlrg Td Nt X refinde 1R, th@035]

Flgure is a representation of the cofe pentasaccharide common to N-glycan
st ruct gprigol lvgh3elo Fiapge @ V2luedn a prasiyetespeditieatiooh of the non-reduci ng end

N 0! YCReh 18] G LB Ao R MRl 183he a%%%n%%t%clhh&iﬂﬁ Sra 0T, Figure 3

is a fluorescence c o ram o cans erlve
Abat ac apzﬂecmtmmhmlglstalbk td elbtecttth@memffncaogdbyxmn of mamrm]salplhat falaooyy bk ikdien

HexNAc4Hex6Fuc at coul aorrespond to a gal actose-a-1-3 |Iinked gal actose
Nt athFo LA RRA LS. PO oR YA 4O RPTYSeh 2 GG NS 9oie W of o
gl ycan t&Reul @l?hﬁ@ﬁlhé‘t@@l Elslwfswbmtoa&e RinbWlliten€ QMBRSh¥dnfbn, wmwx 6Fucl. The
spectra correlate with %: ycan structure contalnlnq anon-reduci ng end

R®

gal act axdecyle @mpaisesct 1@@@1 ozopmppdjments ghe detactionuptlesicemaecupiegdt ogr am of
a fraC?hBﬁs&%t?%%%ﬁB?a E&Mﬁﬁxﬁﬁgg%Abatacept and a control protein (also
co [

containin osi t1on HexNAc4Hex6Fuci) before and after
treat néﬁ*ﬁ16wThh Cﬁ%edllaﬁmobtidlamy cp19pdR]a d¥<i>rgu1wfél Bpubitiam WB2CHPextlr a of t he
species w,th co 03|t|En HexNAc4Hex5Fucl ge ted fromthe.treatnent of

the gl YRRHIUYPHARET ShndaP I yed f PohieAbLt %‘861% S IEhACYArEc%si dase.

manufacturing a therapeutic glycoprotein. In certain embodlments the CHO cell population will
have been transformed with at least one vector encoding a therapeutic glycoprotein. The
therapeutic glycoprotein may be of human, non-human or synthetic origins. The therapeutic
glycoprotein may be for treatment of humans or veterinary indications.

[0017] In some embodiments, the method further includes a step of evaluating a biological
activity of the glycoprotein produced by the cell, e.g., evaluating the presence or level of

immunogenic potential of the glycoprotein, ¢.g., in vitro or in vivo, e.g., in an animal model.

[0018] In a second aspect, the invention comprises methods for screening one or more Chinese
Hamster Ovary (CHO) cells for the ability to produce glycans containing terminal galactose-
alpha-1-3-galactose residues on a glycoprotein, the method comprising:

(a) providing a plurality of CHO cell populations wherein none of the plurality have been
genetically engineered to produce terminal alpha-galactosyl residues on glycans (e.g., have not
been genetically engineered to express an alpha-galactosyl transferase coding sequence);

(b) culturing ecach of the plurality of CHO cells under conditions suitable for expression

of a glycoprotein expression product;



[0041] Figure 7 illustrates a MALDI -MsS spectra a fraction of glycans
derived from Abat acept treated with different exogl ycosi dases. DEFI N TI ONS
[0042] Uwessioaskzsiwi se defined hereinbel ow, all terns wsedshewosrs7are used
in their ordinary neaning, as would be understood by one skilled in the
art. [0043] Approximtely, About, Ca.: As used herein, the terns

"approxi mately", "about" or "ca.," as applied to one or nore val ues of
interest, refer to a value that is simlar to a stated reference WO

2010/ 085251?&}1&4&&%9&%&&&3&@@@%&&1 £85I HIDOSl TBAL S, relilifost €7 M8
"approxi mately", "about" or refer to a range of values that fal

wi t hi npme@@%acllgﬁ/&le DB%IHSLW/@H@B%IS’P@% 14% 13% 12% 11% 10% 9% 8%
1% 6% 5%  4%,.3%, 4%, 1% ted ref errence val ue, 0044]
et ect on. (cHef R it 8 e FERUY of oTHILR gl FREFor BlRseie on
and "def ewrgmgevreE@ermlﬁaﬂ@alase@h alphzemlr@rm&ab kagidues pretieded b ttteh@lected

determ £ﬂ§5 ar of whether a particular chemcal noiety, such as a term nal
al pha- Gell IEPBRUAN- r esi due, is present or absent in or on a conpound,

CONPOSi[§G19N ThE gtyka&rcoﬁetntngq@mhatgae@tosétbt%hmlsegémct&e RRANSs ARY bt BM@Ainve a
sel ect abl e mar or an identifiable characteristic such as a fluorescent

or r adiapdercspecdrinre glycoprateinsayodusedby e (A2 F¢lhprepirations figje e isolséadpound,
cel | t f t f a
compounil SR Btk SR Brodift Ge Sl R pRraRbR: Boul kiR UMM R o
mass Specbpotoit exprasion taatnetch et @H@S:,ell @lapatarioph Goet aeﬂ sntfada:cgtbec,anmmﬁ:thear

magnet i egpnance, chr t ogr aphi ¢ _net hods s of the above,
Tedtet i FaPPARS Soed i dm R0 D hes ol BP R nelro i Mo 6P RE (M ReiGattgS o
CONMPOURim £ BINB&TbikinQRpre&8bi potudt @hdred?ORUEcRtainmbodeh@fd, kRN cFBYinghithddnvol ve
gquantification of the absolute or relevant |evels of t he cheni cal noi ety

bei ng diethes eeaprifes dwsiep@f jrokting AghicepioidMeKDIression @rasuet faed thesel chlérai n

"glyca r e,
ot daazd e Y R EmiCGANS. APPSR SR YEREmSE TR Loar or
br anchéd theﬂce«yis ycsep (@hylniceghiugenbodiment| ths uglascrt:@mgdrueboc( ﬁm@er cogipmiscrstbs

Nacet yl osani.ne, .N-acet ura a se, mannase, fucose,
hoxos & SRRARATIDEAT: P aBeah oAt Pu AR B Eh AR EREERE oL -

2' -1l Uquﬁl’éésﬁQﬁﬁod@:t Iﬁ%ﬁaﬁhlebﬁ%@lmeﬁﬁoﬁﬂhmﬂﬂ@%&l s@ecditle @cthod takes place in
N-acetyl gl ucosam ne, etc.). The term' glycan i ncl udes honmo and

het er opdISfRsEY- of sugar residues. The term "glycan" al so enconpasses a
gl ycan, @Q&f‘&ftﬁ% ptﬁra@wgﬂme%@n goﬁlﬁatgms nf{ BmBHGPRITBE! Crodygol T Pi d.
prot eogl ycan, etc term al sO ‘enconpasses free glycans, including
gl ycan@oplﬂettomadéfeb@enlootlletalledpldatlcmt hredlf/ﬁf@et vagipkaded., ﬁarmh:satalglnm@pnmt:h n.
[ 0046] ca reparation. The arati.ony as _used herein
refersﬁpgya glﬁm“elnanmnufcgh?éfﬁg‘ accor emR: “?“ﬁgPtP%%r%r producti on
met hod embbdigRAB, mebmtb sENpHulaBibly S&lh hPreeead &hﬁsﬁﬂrrfeéf\x&thSat teastns @tctef gl ycans

obtained from glycoproteln preparatlon (see deﬁlnltlon of choproteln
pr epar &PFWH RGP CUtic § RO a5 St PRHAE thegappufie ghycosrals glralfl.c i nel udes

gl ycoprgheiifnts!of t1RQE &@Bﬁ@g fﬁ%{%é th@gﬁl:éiﬁ@t@ml%rx R br‘aﬂudtrkcal YRS el eased
gl ycans. [0047] d ycoprotein: used herein e term"glycoprotein”

r ef ersgtwoerofm@tpe%ﬁﬂ‘ f(f@;Bﬂd?éﬁHﬁ@dﬂﬂqer ein) that contains a peptide backbone
covale t. (J

cndr sts2A1 b SR SuliRe AR o8 erTRefiBY ARl TR S hycdpy st GRMBea i 5
conpri§@sdanﬁwmgaﬂﬂ@hﬁaaﬁSk@Gahm&ﬂaqm&&am&z&dhumﬁmso@h@bmopbmanlno aC|d
resi dues. The sugar noiety(ies) may be in the form of nonosacchari des,

di saccharides, oligosaccharides, and/or polysaccharides. The sugar

noi et y(0022) IRbhiQIERICE S8 dv&itiod e wRbh aRadochaivatisf a gtyg@grotreelsl dues or may
conprise one or nore branched chains. In certain enbodifents, ar

moi et i €emAeNjtiarIPded ing €H€bceélrh@ﬁforThsh&1mdap@u@qsmﬁ9§urm&thearnelmt\@ ly or

addi ti r i e propyl or other
al kyl %%SV¥¥§Q§#%%§H FE rtaln %h%zd#ﬁ%](ﬁ&&%?ggp¥§$%¥%s contain O-linked
sugar noieties; in certaln enbodi ments, glycoproteins contain N-1inked
sugar noieties. [0048] dycoprotein preparation: A "glycoprotein
preparation,” as that termis used heﬁbln refers to a set of individual

gl ycoprot ei n nol ecul es, each of which conprises a pol ypeptide having a
particular am no acid sequence (which am no acid sequence includes at |east
one glycosylation site) and at |east one glycan covalently attached to the
at | east one glycosylation site. Individual nolecules of a particular

gl ycoprotein within a glycoprotein preparation typically have identical
amno aci d sequences but nay differ in the occupancy of the at |east one
glycosylatlon S|tes and/or in the |dent|ty of the glycans | i nked to the at

o, " e — . .



[ 0051] N-linked glycans: N-linked glycans are glycans that are linked to a
gl ycoprotein via a nitrogen |inkage. A diverse assortnent of N-1inked

gl ycans ewpD=0owy/08m5 is typically based on the comobn coPeTaspt@eamehari de
(Man) 3( GIcNAc) (GLcNAc). WD 2010/ 085251PCT/ US2009/ 031678 [0052] O-gl ycan:
The term " O glycan," as used herein, refers to a polynmer of sugars that has
been rel eased froma gl ycoconjugate but was fornerly linked to the

gl ycoconj ugate via an oxygen |inkage (see definition of O-linked glycan

bel ow) wH-RAPRL oBrcbpraktle Fhyes ARe wl phddik&bin PG 8HS Al ad WEaES ddhefioar e
linked to a glycoconjugate via an oxygen linkage. O-linlced glycans are

t ypi calhpst callt wiehadt gaachtally opgiotadio oxpmsiNvradpttaydal Otal Heanszave nedifgGal NAc) or
Vi a N-eggete | -D-glucosanmine (G cNAc) to the hydroxyl group of L&#8212; serine
(Ser) STt hr eoni ne (Thir). Some O-linked glycans al so have nodifications
such ag023eiydoatd cabodiitkns thd atthod inclRSELoNbguhalcee] ofieniieil palasrodul at e” as

used her ei efers to the gbility ta of an.actor to control, within

prescr ol I -Rlpaoscpeyidn &Y CORTYI P SABPRYTIONS] GPTiREOT IR EFadable

al pha- galgagt ose residues present in a glycoprotein conposition. Thus, in
sone enbodi ments, the | evel of al pha-gal actose residues may be nodul ated so
t hat i 10Q24hd sesnoinbeidimgntse ermaesber! dlsainelydes) qempariag @ﬁmf@sufe%teyc;l ofhe | evel of

al pha- siduesar t ' nor e

han 5 g0R 236 O 5 UeHEE ke B B35 RyRhe SRk bR ohsPeon PEh s TERTE: Cocne
i n a gllgwebpudt Biarcooweipo séfticote. spbeifiodtivar Taobdeieneritw] camlee d gxelficafon

al pha- gal act resi dues. may be dul gated.sa that it does. not vary by nore
b 105Begn BOOUROR] ook s Y rerd o1 GHaRS Sigheh BF bt Eee st e vl

[ 0055] cBitetheases glJshréthBonpbatiease” as used herein refers to an agent that
cl eaves asgepti de bond between sequential amno acids in a pol()ypeptj de

chai n. [R5 brsomermsdwidireant.ghe wigense devsbor apalify caiteriprgs ¢ mere thap Hpderavnalt j ¢
enzyne _ | A i : i . tei oprotein
enzymoy st AEh 21 B IRARL FRNR i P B BB R ey B ot €
a prot d468.5% 3&o,c8m Xal 1.Dhekdalytloahento, 0.LB08E6Y o drlessi dihadpvelldfezataetone-
"providing" as.,used herei.n refers to an actor optaining a_subject item
stich ad Mt ArpRURTe: RARE B pieNs PRI ReOh s ot P BT UrEion BT aBaPht i on f rom
any souyhgend doataildhdgaladdske-aia- 1I-3-Fhlh&dsd relatiodioabal fGoldy of HIGcE irDf sfnKwn

manuf acture or by the actor's receiving the itemfrom another party. For
exanpl euchas@dy BIqteip PEpaietet-on is provided if it is nmade or received by
any maggy . j . i _a CH reparation
oy Do V28 i B bairRint 2R ek B SRR B Bl ) ST

pr ocess@dydeon chrefarvgnaphicsnahod.he gl ycoprotein preparation. In sone

enbodi nents. a cell preparation may be received by a person. In sone
embodi A5 In %egggomqntaﬁﬁeetﬁ %ﬂqedﬁe%@ynﬁéurﬁé%v@fiaal-%3-ga linkages

2010/ O8RARLPHILLPRANMN QRARTS hdiRipsan outside entity. In some embodi nents, a
CHO cel | preparation may be received by a person or business performng
char ac @028} &t orgrensedimane shd wehqEaesahth paswoncronnd gsl-ad Ssgal [iI00EE; Ter m nal

-1, 3-gal act i - termnnal l-a-1 3-gal linkage: The t
o i ARES FRGr R Bicators Foifes HBEE oaP P 3 5 gal 1§ mkages” and
" non-r 6420] HorRNchRUtncht,lthdeeithigR REd RSB &St HEnal 381-4.3 ST BhRIRs

i nterchangeabl y describe the glycan structure illustrated in Figure 2, in
whi ch andidee avclear maghetregcsanancertaMbemethodsched to a peptide or protein

i ith I .esi d h .b d h h h
o L AL ACRRRUED Al RO A0ug AL, e
gal act astud®® hRatdaeshariPEIMIYsED DESCRI PTI ON OF CERTAI N EMBODI MENTS [ 0058]

Al t hough host cells used for the synthesis of reconbinant gl ycoproteins
posses$0@3 &1n enereathedimngthevigetriigisruped © Imaé@r@é@rr@@ﬂlrgﬁleyclgﬁ-@@g bskagas i on, these
cells chﬂ%%ﬂﬂ%%@%ﬁmﬂ%&ﬁ&i§ the sane conpl ement of enzynes as the cells in
whi ch the glycoprotein 1s naturally expressed. Conal selection of cel
lines and variations in manufacturing conditions may al so produce

het erogeneity in glycoproteins expressed in cultured cells. The functional
role of glycosylation in glycoproteiné$ctivity necessi tates careful
characterization of therapeutic products produced in cell lines. [0059] It
has been previously reported that term nal gal-a-1, 3-gal |inkages are not
present in reconbi nant gl ycoproteins produced by Chinese Hanster Ovary
(CHO cells. Chung et al., N Engl J Med, 358:11 (2008). The present

di sclosure is based, at least in part, on the unexpected finding that

term nal a-1, 3-gal actose residues can be found on gl ycoproteins produced by
CHO cells, and thus it is inportant to identify, nonitor and control this
aspect of glycan structure when using CHO cells to produce therapeutic

F A/ /SAT o " o, [T



WO 2010/ 085251PCT/ US2009/ 031678 d ycan Preparations [0061] The present

di scl osure provi des nethods of analyzing the structure and/ or conposition
of i ndi vimwoabiogisyzsans wi t hin a gl ycan preparation, e.g. pCeuskeaosregs gl ycans
containing term nal gal act ose-al pha- 1-3-gal act ose resi dues produced by CHO
cells, e.g., evaluating term nal al phagal actosyl residues on glycoproteins
produced by CHO cells. A glycan preparation may be obtained froma cel
preparation or a froma glycoprotein by any nethod available in the art. In
Gener 2o Pl Al Athofindlnt (AN ERR1AL] A GRIRILARS ShepS 10k (Hla bt al i ng 2
cell or glycoprotein preparation; and ( optional Py releasing glycans from
t he celinchales iV tHatsbebancepr eparati on. I n sone enbodi nents, obtaining a

gl ycan ratio tionally conprises |abelin he gl ycan pyreparation

wi th o lOEEE oisicanhodfsaant. thg s%‘w%t%?iwﬁ?@a%éw%?é ealr go6og! NBKHSRs f or

r econbianies PEAHHEE hRthoal. 9l ycoproteins have been described. G ycoproteins
secreted by cultured cells can be isolated and purified by any avail abl e
means, [8dhlrescamibodnecnt Hangehnedueased wgnapiny termenad galeat Phged éinkages

chr omat ogr aph el. filtration, i noaffinjty chromatography, and

conb ndsRe Rase deikb i et FEERArabibad: SHFE06S “Ph” some

enbodi nents, an N-glycan preparation is obtained by providing a

gl ycoprotein popul ation and renoving N-1inked glycans fromthe

gl ycoproteins in the population. [0064] In sone enbodi nents, N I|inked
glycans are renoved from@ipraoedet STASN(EF 9HE HEYRYY ot ei ns) by di gestion
Cenerally, glycanases to be used in accordance with the present disclosure
cl eave [HBSWEEurgl eNAspAs entat@halitles @icpitasaghatidencoGhodddo Y-abicdusdsictiicst he
core. r nzynes i.ch n be used to .r ve i nked gl ycans, from
o yoopt PR Eks R ERRH DTG PRI DB, Nenehb MR rpe:

N- gl ycapesd-3eal impAgecanase and/ or Endo H. [0065] In sonme enbodi nents, N

| i nked @%%cans are renmoved from gl ycoproteins by chem cal cleavage. To give

but a MF7EKigwpe 34s 2 Ayareseonasshroswdoism iobp Srgtén o elycamadesived from Abatacept

ol yeoprsrarh i o Guas tacstr Bl GBM AT RO N LAy KSRIE o 2t on

[ 0066] cbmespombtoendadaitayeatls3 liakedizaldchike ecoglaysanstprcepar at i on i s obt ai ned by

provi di gl yc ofein ... gl ycoprot ein). ul ation ,and renoyi ng

b 1 nicallsT pntE ISR pe S el T ARHE iR B g Ko
enbodi BmRpSsitidir HENEE Hek Faan SThafsfedtiakon-eatefwitha gl y:eapheottd ddataiEndanon-

gl ycoproteins) by b-elinmnation. In sone enbodi nents, O-linked glycans are
r emovedcfEBEchl gRlagrsrei-drgaleeots. | gl ycoproteins) by reductive

b- el i g} @ iSP R R RogrBn W4 G Iy KM A
gIycopgg?ggngﬂ?256§,ﬁgwgggﬁgbtelns?gbyghon-?%%ﬁ%?%%%ﬁﬁ¥gﬁfgfﬁati%ﬁ%mf%OGS]
| n sonmenéabodiorpratan (sd jonkadngyk glyasrswih eompositicad] sxiNgynHexgFya b pefoteeing
(e.qg., | ycoprotei n) .preparation by incubating the preparation in a
soluti3ﬁmﬁﬁélnfﬁg?hd%éﬂgpﬁgﬁﬁﬁe tetrahydroborate. In some enbodi nents,

]'E etr i’a.d ¢aU40[ I(l;i@iﬁté atiead MfSlz.l §1&|dtra Ef ‘%e ,sll)ch:s WithQopPositien Heﬂl@ﬂbﬁe}xyﬂﬁcl beﬁt]at%do
acilitate detection of O-lipke ycans. |l n various exenplary nethods, a
gl ycopdoikihs tisptasar dithoalyean fraction gfr@@%ir}wnaf*gmm BHh 2bhe arlAsAYdncs- 1.0 M
NaBHA Wl? Fibuir0 7 I MDROINA L BEMD G E RS 2 Ractthn RO YIySansAcfiGALELAAYaRicERTOVE
0-1inked glycans can be term nated by the addition of acid (e.g., 1.0 M
HC1) . [easdpithrliffaens capdipetisidessss, O-1inked gl ycans are renoved from a

gl ycoprotein preparation by incubating the preparation in a solution that

i ncludes NaOH. I n various exenplary nethods, a glycoprotein is incubated in
a solution containing 50-200 nM NBBEFRNITIAXS45C for 2-48 hours. A reaction

can be [60%5%?6%? gth?%vigehcﬁ:ﬁ%gg flérz:i(rjlgelg\]:v, ﬁf:tlegrhs used herein are used in their ordinary

meaning, as would be understood by one skilled in the art.
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[0043] Approximately, About, Ca.: As used herein, the terms “approximately”, “about” or “ca.,”

as applied to one or more values of interest, refer to a value that is similar to a stated reference
7



[0070] In sone enbodi ments, O-linked glycans are renoved from a

gl ycoprotein preparation by incubating the preparation in a solution that
i ncl udes WbAQH/08F251var i ous exenpl ary met hods, a gl ycopr ec&ius2e0/08recibat ed
in a solution containing 25-28% NHAOH at 45-60C for 2-40 hours. The
reaction can be term nated by renoving the NHAOH under vacuum |n sone
enbodi nents, the solution includes ammoni um carbonate (e.g., at a
saturating concentration). In sone enbodiments, the NH4OHtreated

prepar ahjuenid &rtﬁfnee%‘tﬁ)%rﬂﬁnttsh t1RGEShs (¢ %p&OXIIIQl%H/ c “@&)'ufi)or “EPOTdder o o f

embodi ments, O-1inked glycans are renoved froma gl ycoprotein preparation
by i ncublitd trhgt f%l}h@flthre%ﬁ@,a&()l"/od9?/m 1&% h%i}(qekﬁ%, 1S%, bt Yoo h3 %ohBd%.i 1184, UQ%Es 9%,

et hyl a h ne, net h anlne (e.qg.,

et byt Ariet S St dt Aoy ot onBRa S BRI ED) " Some

enbodi e De&ﬂtz@fr IDend@&@Ig A yzad h@*empale adrin@ rrdd:tSctm@r’aﬂetedlcfnr’ and adegécymg:pr otein
popul ation from which N-Ii ked cans have bee ved ling. dycans
[ 0073] MNg &%usg%aﬁcwgb y Foarﬁgqu 5 AcBEm B athe Pﬁmﬁ‘ilﬂ‘?/ 2iglfore or
af ter rnﬁh&?%%cﬁ EOMcAn b YAOHRL 08 8hRetodV kdsitk@ dis gke\g@rﬁra,% aB¥enGnlot DK 8do@byigRANS
(e.qg., ycans that have been renvved from a glycoproteln popul ation) can
be ass@@ma@sefdowahormﬂ pepulptinre Thetdstectns medng pedygnvabes ascleekibée marben, or 2y e

typi Call&eYl 1ﬁ§t§9 ¢ a%c(?gbm rSlP:gtaQ% ffuggelégéfnpgr r%&%ﬁctRffe ngcllé‘[g ana- mgyggzoﬁrg?%‘lpg}mg

enbodlnen uorescent t1es
fIuoropﬁmr@@mﬁh@mmﬂmmdbeﬂuseﬂnxmuhucmrﬂanaﬁmumnhmbhﬁapbﬂ&ﬁnmbdm$6hosure

i nclude, but are not. am nobenzoi c, ac
2- ami nGBERYG 8‘51112025&’8)1 rryr?diFB‘ﬁ p‘%p"i FHoRoBRS e Ee’z‘hﬁiﬂ“esla% nljé%%’F&tfometry or
f | uor ophigeesctiots %&%trbﬁho@&ﬁ:%amenﬂ&ﬂéahmta%ﬁétﬂ@ & 8iHce WhSsthASHEShiQr €
characterized by having reactivity wth the reducing end of an
ol i gos&@éhndsi dsomhmpbensd Myserh & Hefermipide Pecsercor abfsnecdta chemisat damage
and/ or i are
attache %%%%?%dﬁgfﬁgien 08&?3%? cggggQgﬁEﬁH?HMIJyrégﬁﬁgﬂ@agﬁ&gﬁgaian be
acconphu&héﬁamgl@ﬁh@dBOEUnpugbtmmhwﬂyof&dwhﬁnmehammndmu@nkﬁxmdsone

i fl uorescent noieti S ttached to redUC|n ends indirectly.

nbod
For o AAHSD Giveat A dt vt s BertiBe BRGs0 AT OB S EPERLT S %1 | mcer

arm [ @fbadncksivr pocadrRdireeiducs ARt 8plaaby eoﬂtabai Badt GHIR duers! @l @AGEi ve
noi eties or |sotop|cally | abel | ed nol ecul es. enpl ar radioactive noi eti es

that cfcyer hsvehadn Aaglyernganciecile ﬁatth%wﬁré@élﬁwcipgelg oeNr ncl ude, but are
not |igpde gluw andifid, N3 3Eram BRULEH, iAo & InanfO/ RibosadiRxode Qfan%'oLé’ such
noieties a directly at'tached to or othermnse associ ated w't

f | uor opibosee xyIPse, gicy end/at modidiceé xegepd (€202’ -dluprdibosee 2 1- d@xyltﬂwcophor e 2AP can
be nodi such t ens.are e e Rel.e ans
Rl o R R T SR AR i T A S e

glyc OS)hlaﬁfdp@Bfrrﬁ:ast sfBnps ras‘ldlgls yThkpfeﬁh egllysan Smfknémhlbh@dﬁ aGdytah 0¥@pstent of a
subjecting a gl can p ation ne or nore exo% 505|da es and anal yzi ng
t he st rgEYGPBFP@% é%ffﬁﬁ‘é’itet“i‘ p‘ldh%mH’P %‘ﬁ 8%-)p SLS0|HCYBRARSCS

embodi FRBLHrcaRXREI u)dﬁl%sgl ﬁ@t%aﬂﬁ%’ bbdh A&EOd GNREwWNelBlcda8 f@frﬁa’sﬁ%op@'&t%' 05 ure
recogni ze and cl eave only one particul ar type of glycosidic Iink ag
ent

sone el¥Béi férus prapnodioyc dSF tawe'shigsrpreparabat os demiderein rdiers kea it e
i SC OGS L AN (6L BB IPS AL AAR RRRPH LGULALodHPR, Qygh oSt di

| i nkag exog ases Pe 3L resent
inventmﬁ@aﬁh@n&fgﬁh&tkﬁsfﬂ&&ﬁﬁpb&ﬁw@@bﬁﬁith@ﬁ&emlﬂhmmnﬁaMMﬁkHﬁmﬁSmof
nannosig@ses and conbln t|o S thereg ) crlbed i n Tabl e WO
2010/ 0&558RIBlsT) RIEPHRHHPS ’E)%%‘B‘F ve “&?8‘%%53 g Y@B?@ﬁpaﬁ%ﬁ R ? dases are

enzym%lydeﬁ@al&l gaV&nd @tﬁmmlemglaygm%h%keq)aﬁgaﬁlﬁqctdd@meuéagredrg}%ahﬁducI ng end of
gl ycans are typically highly specific to particul ar monosaccharide

|'i nkagd@®04h Ja?ﬁ.é’f?éfﬂ’fl cA§ ysqdayencdy. the tgrms oghycemigei refpm 40 2 PP RS dRfined anchi ng
patter E%qg e t ment
usuall@é$e zﬁg&?%hﬁ§§§gﬁé%o g@%ﬁ)a ﬁ%ﬁ?%ﬁﬁ%?“ ié§g§h3ﬂ1§5£ fiaved
down t glycchm) parisasdecitoardibgehaoslall¢MINR) art oind mpndﬂlgacikborwmmsdlwammpzlsﬁ € NAC
resi dues. However, unusually-nodified species (e.g., antennary or core
fucosyl at ed speci es, high-nmannose and “hybrid gl ycans, | actosam ne-extended
gl ycans, sulfated gl ycans, phosphorylated glycans, etc.) are resistant to
exogl ycosi dase treatnment and can be chromat ographically resol ved and
quantified relative to the M3N2 pentasaccharide. [0077] Exenplary

exogl ycosi dases that can be used in accordance with the present disclosure
i nclude, but are not limted to, sialidase, gal actosi dase, hexosam ni dase,
fucosi dase, and mannosi dase. Exogl ycosi dases can be obtai ned from any
source, including comerci al sources or by |solat|on and/or purlflcatlon

S - o o o o - . o, F A~ S



Tabl e 1. Exogl ycosi dases Enzyne class EC #* Activity Organi sm a-Si al i dase
3.2.1.18 a-2/3,6,8 (usually not |inkage- specific) Arthrobacter ureafaciens
Vi bri o chwbensassisost ri di um perfringens a- 2,3 (NeuAc PCOMS2009/031678

ol i gosacchari des) Sal nonella typhi nurium Streptococcus pneunoni a

linear chain of amino acid residues. The sugar moicty(ies) may be in the form of
monosaccharides, disaccharides, oligosaccharides, and/or polysaccharides. The sugar
moicty(ies) may comprise a single unbranched chain of sugar residues or may comprise one or
more branched chains. In certain embodiments, sugar moictics may include sulfate and/or
phosphate groups. Alternatively or additionally, sugar moicties may include acetyl, glycolyl,
propyl or other alkyl modifications. In certain embodiments, glycoproteins contain O-linked
sugar moicties; in certain embodiments, glycoproteins contain N-linked sugar moieties.
[0048] Glycoprotein preparation: A “glycoprotein preparation,” as that term is used herein,
refers to a set of individual glycoprotein molecules, each of which comprises a polypeptide
having a particular amino acid sequence (which amino acid sequence includes at least one
glycosylation site) and at least one glycan covalently attached to the at least one glycosylation
site. Individual molecules of a particular glycoprotein within a glycoprotein preparation
typically have identical amino acid sequences but may differ in the occupancy of the at least one
glycosylation sites and/or in the identity of the glycans linked to the at least one glycosylation
sites. That is, a glycoprotein preparation may contain only a single glycoform of a particular
glycoprotein, but more typically contains a plurality of glycoforms. Different preparations of the
same glycoprotein may differ in the identity of glycoforms present (e.g., a glycoform that is
present in one preparation may be absent from another) and/or in the relative amounts of
different glycoforms.
[0049] Glycosidase: The term “glycosidase” as used herein refers to an agent that cleaves a
covalent bond between sequential sugars in a glycan or between the sugar and the backbone
moiety (e.g., between sugar and peptide backbone of glycoprotein). In some embodiments, a
glycosidase is an enzyme. In certain embodiments, a glycosidase is a protein (e.g., a protein
enzyme) comprising one or more polypeptide chains. In certain embodiments, a glycosidase is a
chemical cleavage agent, e.g., hydrazine.
[0050] N-glycan: The term “N-glycan,” as used herein, refers to a polymer of sugars that has
been released from a glycoprotein but was formerly linked to a glycoprotein via a nitrogen
linkage (see definition of N-linked glycan below).
[0051] N-linked glycans: N-linked glycans are glycans that are linked to a glycoprotein via a
nitrogen linkage. A diverse assortment of N—linked glycans exists, but is typically based on the
common core pentasaccharide (Man);(GIcNAc)(GlcNAc).
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[0052] O-glycan: The term "O-glycan," as used herein, refers to a polymer of sugars that has
been released from a glycoconjugate but was formerly linked to the glycoconjugate via an
oxygen linkage (sec definition of O-linked glycan below).

[0053] O-linked glycans: O-linked glycans are glycans that are linked to a glycoconjugate via an
oxygen linkage. O-linlced glycans are typically attached to glycoproteins via N-acetyl-D-
galactosamine (GaINAc) or via N-acetyl-D-glucosamine (GIcNAc) to the hydroxyl group of
L&#8212;serine (Ser) or L-threonine (Tlir). Some O-linked glycans also have modifications such
as acetylation and sulfation.

[0054] Modulate: The term “modulate™ as used herein refers to the ability to of an actor to
control, within prescribed limits, the value of a parameter, such as the level of alpha-galactose
residues present in a glycoprotein composition. Thus, in some embodiments, the level of alpha-
galactose residues may be modulated so that it remains within prescribed limits. In some
embodiments, the level of alpha-galactose residues may be modulated so that it does not exceed
more than 5.0%, 1.0%, 0.5%, 0.1%, 0.05% or 0.01% of the total N-glycans present in a
glycoprotein composition. In other embodiments, the level of alpha-galactose residues may be
modulated so that it does not vary by more than 10.0%, 5.0%, 1.0%, 0.5% or 0.1% of a
prescribed or desired level.

[0055] Protease: The term “protease” as used herein refers to an agent that cleaves a peptide
bond between sequential amino acids in a polypeptide chain. In some embodiments, a protcase
is an enzyme (i.e., a proteolytic enzyme). In certain embodiments, a protease is a protein (e.g., a
protein enzyme) comprising one or more polypeptide chains. In certain embodiments, a protcase
is a chemical cleavage agent.

[0056] Providing: The term “providing” as used herein refers to an actor obtaining a subject
item, such as a CHO cell, CHO cell preparation, or glycoprotein preparation, from any source
including, but not limited to, obtaining by the actor’s own manufacture or by the actor’s
receiving the item from another party. For example, a CHO cell preparation is provided if it is
made or received by any machine, person, or entity. In some embodiments, a CHO cell
preparation may be received by a machine, which may then perform one or more tests, processes,
or refinements of the glycoprotein preparation. In some embodiments, a CHO cell preparation

may be received by a person. In some embodiments, a CHO cell preparation may be received
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0-1,3-Gl linkage E. coli Xanthonbnas species 0-1/3, 6-Gl |inkages
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-1/ 2, 3, 4,80hewasasiines Streptococcus plicatus Strept oco®CUAISPINLNBBNAS a
Bact er oi des Jack bean a- Fucosi dase

from an outside entity. In some embodiments, a CHO cell preparation may be received by a
person or business performing characterization services for a second person or business.
[0057] Terminal a-1,3-galactose residue; terminal gal-a-1,3-gal linkage: The terms “terminal

2% <

a-1,3-galactose residue,” “terminal gal-a-1,3-gal linkages” and “non-reducing end o-1,3 linked
galactose residue” as used herein, interchangeably describe the glycan structure illustrated in
Figure 2, in which a glycan structure that may be attached to a peptide or protein terminates with
two galactose residues that are bound to each other at the residues denominated as the 1, and 3

residues, respectively, on the galactose molecules.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

[0058] Although host cells used for the synthesis of recombinant glycoproteins possess the
intracellular machinery to produce complex glycosylation, these cells do not always possess the
same complement of enzymes as the cells in which the glycoprotein is naturally expressed.
Clonal selection of cell lines and variations in manufacturing conditions may also produce
heterogeneity in glycoproteins expressed in cultured cells. The functional role of glycosylation
in glycoprotein activity necessitates carcful characterization of therapeutic products produced in
cell lines.

[0059] It has been previously reported that terminal gal-a-1,3-gal linkages are not present in
recombinant glycoproteins produced by Chinese Hamster Ovary (CHO) cells. Chung et al., N
Engl J Med, 358:11 (2008). The present disclosure is based, at least in part, on the unexpected
finding that terminal o-1,3-galactose residues can be found on glycoproteins produced by CHO
cells, and thus it is important to identify, monitor and control this aspect of glycan structure when
using CHO cells to produce therapeutic products.

[0060] The present disclosure provides methods of analyzing the composition of glycans on
glycoproteins produced by CHO cells. According to the present disclosure, glycans from
glycoprotein preparations produced in CHO cells can be analyzed to determine whether they
include terminal a-1,3-galactose residues. The present disclosure provides methods of detecting
such modifications, and methods of producing glycoproteins that include or lack such

modifications.
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Glvcan Preparations

[0061] The present disclosure provides methods of analyzing the structure and/or composition of
individual glycans within a glycan preparation, ¢.g., evaluating glycans containing terminal
galactose-alpha-1-3-galactose residues produced by CHO cells, e.g., evaluating terminal alpha-
galactosyl residues on glycoproteins produced by CHO cells. A glycan preparation may be
obtained from a cell preparation or a from a glycoprotein by any method available in the art. In
general, obtaining a glycan preparation comprises steps of (1) obtaining a cell or glycoprotein
preparation; and (2) optionally releasing glycans from the cell or glycoprotein preparation. In
some embodiments, obtaining a glycan preparation optionally comprises labeling the glycan

preparation with a detectable label.

Glvycoprotein Preparations

[0062] Methods for recombinant production of glycoproteins have been described.
Glycoproteins secreted by cultured cells can be isolated and purified by any available means,
such as anion-exchange chromatography, reversed-phase chromatography, gel filtration,

immunoaffinity chromatography, and combinations thercof.

N-linked Glvcan Preparation

[0063] In some embodiments, an N-glycan preparation is obtained by providing a glycoprotein
population and removing N-linked glycans from the glycoproteins in the population.

[0064] In some embodiments, N-linked glycans are removed from glycoproteins (e.g.,
glycoproteins) by digestion. Generally, glycanases to be used in accordance with the present
disclosure cleave between GleNAc-Asn, GlcNAc¢-GleNAc, or Man-GleNAc residues of the core.
Exemplary enzymes which can be used to remove N- linked glycans from glycoproteins include,
but are not limited to, N-glycanase F and/or N-glycanase-A, O-glycanase and/or Endo H.

[0065] In some embodiments, N- linked glycans are removed from glycoproteins by chemical
cleavage. To give but a few examples, hydrazine, sodium borohydride, and/or

trifluoromethanesulfonic acid (TFMS) can be used to remove glycans from a glycoprotein.
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O-linked Glycan Preparation

[0066] In some embodiments, an O-linked glycan preparation is obtained by providing a
glycoprotein (e.g., glycoprotein) population and removing O-linked glycans from glycoproteins
in the population.

[0067] In some embodiments, O-linked glycans are removed from glycoproteins (e.g.,
glycoproteins) by b-climination. In some embodiments, O-linked glycans are removed from
glycoproteins (e.g., glycoproteins) by reductive b-climination. In some embodiments, O-glycans
are removed from glycoproteins (e.g., glycoproteins) by non-reductive b-climination.

[0068] In some embodiments, O-linked glycans are removed from a glycoprotein (e.g., a
glycoprotein) preparation by incubating the preparation in a solution that includes alkaline
tetrahydroborate. In some embodiments, tetradeuterioborate is used, e.g., to incorporate a
deuterium label to facilitate detection of O-linked glycans. In various exemplary methods, a
glycoprotein preparation is incubated in a solution containing 0.8-1.0 M NaBH,4 and 0.05-0.1 M
NaOH at 42-45°C for 2-24 hours. A reaction to remove O-linked glycans can be terminated by
the addition of acid (e.g., 1.0 M HCI).

[0069] In some embodiments, O-linked glycans are removed from a glycoprotein preparation by
incubating the preparation in a solution that includes NaOH. In various exemplary methods, a
glycoprotein is incubated in a solution containing 50-200 mM NaOH at 27-45°C for 2-48 hours.
A reaction can be terminated by the addition of acid.

[0070] In some embodiments, O-linked glycans are removed from a glycoprotein preparation by
incubating the preparation in a solution that includes NH4OH. In various exemplary methods, a
glycoprotein is incubated in a solution containing 25-28% NH4OH at 45-60°C for 2-40 hours.
The reaction can be terminated by removing the NH4OH under vacuum. In some embodiments,
the solution includes ammonium carbonate (e.g., at a saturating concentration). In some
embodiments, the NH4OH-treated preparation is treated with acid (e.g., boric acid).

[0071] In some embodiments, O-linked glycans are removed from a glycoprotein preparation by
incubating the preparation in an aqueous solution that includes cthylamine (e.g., cthylamine at
about 70%) or methylamine (e.g., methylamine at about 40%), for about 4-24 hours.

[0072] In some embodiments, an O-linked glycan preparation is obtained from a glycoprotein

population from which N-linked glycans have been removed.
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Release of Glycans

[0075] The present disclosure provides improved methods of determining glycosylation patterns
of glycoproteins. Such methods can involve subjecting a glycan population to one or more
exoglycosidases and analyzing the structure and/or composition of the digestion products. In
some embodiments, exoglycosidases used in accordance with the present disclosure recognize
and cleave only one particular type of glycosidic linkage. In some embodiments,
exoglycosidases used in accordance with the present disclosure recognize and cleave more than
one particular type of glycosidic linkage. Among the exoglycosidases which may be useful for
the present invention are a-galactosidases, B-galactosidases; hexosaminidases, mannosidases;

and combinations thereof, as described in Table 1.
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[ 0102] Representative therapeutic glycoprotein products whose production
and/ or quality can be nonitored in accordance with the present disclosure

i nclude, for exanple, any of a variety of hematol ogi c agents (including,
for instance, erythropoietin, blood-clotting factors, etc.), interferons,
colony stinulating factors, antibodies, enzymes, and hornones. [0103]

Representatlve conner0|ally avallable glycoproteln products incl ude,
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Actimmune(r) alteplase; tissue plasm nogen activator Activase /Cathflo(r)
Reconbi nant anti henophilic factor Advate human al bum n Al butein(r)

Lar oni daswoAbdwnsszsynme(r) interferon alfa-N3, human | euk@cCyius2aensisesl

Al feron N(r) human anti henophilic factor Al phanate(r) virus-filtered human
coagul ation factor | X Al phaNi ne(r) SD Al ef acept; reconbinant, dineric
fusion protein LFA3-Ig

* “EC #” refers to Enzyme Commission registration number

[0079] According to the present disclosure, a glycan population can be digested with any
exoglycosidase or any set of exoglycosidases. In general, exoglycosidase reactions take place
under conditions that are compatible with enzyme activity. For example, pH, temperature,
reaction solution components and concentration (e.g., salt, detergent, efc.), and length of reaction
time can be optimized in order to achieve a desired level of exoglycosidase activity. See, e.g.,

WO 2008/130926, the contents of which are herein incorporated by reference.

Analvsis of Glycan Structure and Activity

[0080] In general, methods in accordance with the disclosure comprise subjecting a glycan
preparation to analysis to determine whether the glycan includes a particular type of modification
(e.g., terminal a-1,3-galactose residues). In some embodiments, the analysis comprises
comparing the structure and/or function of glycans in one glycoprotein preparation from one
source to structure and/or function of glycans in at least one other glycoprotein preparation from
another source. In some embodiments, the analysis comprises comparing the structure and/or
function of glycans in one or more of the samples to structure and/or function of glycans in a
reference sample.

[0081] Structure and composition of glycans can be analyzed by any available method. In some
embodiments, glycan structure and composition are analyzed by chromatographic methods, mass
spectrometry (MS) methods, chromatographic methods followed by MS, electrophoretic
methods, electrophoretic methods followed by MS, nuclear magnetic resonance (NMR) methods,
and combinations thereof.

[0082] In some embodiments, glycan structure and composition can be analyzed by
chromatographic methods, including but not limited to, liquid chromatography (LC), high
performance liquid chromatography (HPLC), ultra performance liquid chromatography (UPLC),
thin layer chromatography (TLC), amide column chromatography, and combinations thereof.
[0083] In some embodiments, glycan structure and composition can be analyzed by mass
spectrometry (MS) and related methods, including but not limited to, tandem MS, LC-MS, LC-
MS/MS, matrix assisted laser desorption ionisation mass spectrometry (MALDI-MS), Fourier
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Anevive(r) Bivalirudin Angi omax(r) darbepoetin alfa Aranesp Bevaci zumab
Avastidminterferon beta-la; reconbi nant Avonex(r) coagul ation factor |X
BeneFi xTrwOrbsviszson beta- | b Betaseron(r) Prot ei n Pr ®@dwats2009/031678

transform mass spectrometry (FTMS), ion mobility separation with mass spectrometry (IMS-
MS), clectron transfer dissociation (ETD-MS), and combinations thereof.

[0084] In some embodiments, glycan structure and composition can be analyzed by
electrophoretic methods, including but not limited to, capillary electrophoresis (CE), CE-MS, gel
clectrophoresis, agarose gel electrophoresis, acrylamide gel electrophoresis, SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) followed by Western blotting using antibodies that recognize
specific glycan structures, and combinations thereof.

[0085] In some embodiments, glycan structure and composition can be analyzed by nuclear
magnetic resonance (NMR) and related methods, including but not limited to, one-dimensional
NMR (1D-NMR), two-dimensional NMR (2D-NMR), correlation spectroscopy magnetic-angle
spinning NMR (COSY-NMR), total correlated spectroscopy NMR (TOCSY-NMR),
heteronuclear single-quantum coherence NMR (HSQC-NMR), heteronuclear multiple quantum
coherence (HMQC-NMR), rotational nuclear overhauser effect spectroscopy NMR (ROESY-
NMR), nuclear overhauser effect spectroscopy (NOESY-NMR), and combinations thercof.
[0086] In some embodiments, techniques described herein may be combined with one or more
other technologies for the detection, analysis, and or isolation of glycans or glycoproteins. For
example, in certain embodiments, glycans are analyzed in accordance with the present disclosure
using one or more available methods (to give but a few examples, see Anumula, Anal. Biochem.
350(1):1, 2006; Klein et al., Anal. Biochem., 179:162, 1989; and/or Townsend, R.R.
Carbohydrate Analysis” High Performance Liquid Chromatography and Capillary
Electrophoresis., Ed. Z. El Rassi, pp 181-209, 1995, ecach of which is incorporated herein by
reference in its entirety). For example, in some embodiments, glycans are characterized using
one or more of chromatographic methods, clectrophoretic methods, nuclear magnetic resonance
methods, and combinations thereof. Exemplary such methods include, for example, NMR, mass
spectrometry, liquid chromatography, 2-dimensional chromatography, SDS-PAGE, antibody
staining, lectin staining, monosaccharide quantitation, capillary electrophoresis, fluorophore-
assisted carbohydrate clectrophoresis (FACE), micellar electrokinetic chromatography (MEKC),
exoglycosidase or endoglycosidase treatments, and combinations thereof. Those of ordinary
skill in the art will be aware of other techniques that can be used to characterize glycans together

with the methods described herein.
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Ref erence Drug Tositunonmab Bexxar (r) anti henmophilic factor Bl oclate- human
grow h hornone Bi oTropi dm botulinumtoxin type A Botox(r) Al entuzumab
Canpat h( riwvoaerwassasomab; techneti um 99 | abel ed CEA- Scan( PLTAISQI0®8T6IS E;

nodi fied form of beta-glucocerebrosi dase Ceredase(r) imglucerase;

reconbi nant form of beta-gl ucocerebrosidase

[0087] In some embodiments, methods described herein allow for detection of glycan species
(such as terminal alpha-galactosyl residues) that are present at low levels within a population of
glycans. For example, the present methods allow for detection of glycan species that are present
at levels less than 10%, less than 5%, less than 4%, less than 3%, less than 2%, less than 1.5%,
less than 1%, less than 0.75%, less than 0.5%, less than 0.25%, less than 0.1%, less than 0.075%,
less than 0.05%, less than 0.025%, or less than 0.01% within a population of glycans.

[0088] In some embodiments, methods described herein allow for detection of particular
structures (e.g., terminal alpha-galactosyl residues) that are present at low levels within a
population of glycans. For example, the present methods allow for detection of particular
structures that are present at levels less than 10%, less than 5%, less than 4%, less than 3%, less
than 2%, less than 1.5%, less than 1%, less than 0.75%, less than 0.5%, less than 0.25%, less
than 0.1%, less than 0.075%, less than 0.05%, less than 0.025%, or less than 0.01% within a
population of glycans.

[0089] In some embodiments, methods described herein allow for detection of relative levels of
individual glycan species within a population of glycans. For example, the arca under ecach peak
of a liquid chromatograph can be measured and expressed as a percentage of the total. Such an
analysis provides a relative percent amount of cach glycan species within a population of
glycans. In another example, relative levels of individual glycan species are determined from
arcas of peaks in a ID-NMR experiment, or from volumes of cross peaks from a 1H-15HSQC
spectrum (e.g., with correction based on responses from standards), or by relative quantitation by
comparing the same peak across samples.

[0090] In some embodiments, a biological activity of a glycoprotein preparation (e.g., a
glycoprotein preparation) is assessed. Biological activity of glycoprotein preparations can be
analyzed by any available method. In some embodiments, a binding activity of a glycoprotein is
assessed (e.g., binding to a receptor). In some embodiments, a therapeutic activity of a
glycoprotein is assessed (e.g., an activity of a glycoprotein in decreasing severity or symptom of
a disease or condition, or in delaying appearance of a symptom of a disease or condition). In
some embodiments, a pharmacologic activity of a glycoprotein is assessed (e.g., bioavailability,
pharmacokinetics, pharmacodynamics). For methods of analyzing bioavailability,

pharmacokinetics, and pharmacodynamics of glycoprotein therapeutics, see, e.g., Weiner et al., J
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Cerezyne(r) crotalidae polyval ent i mune Fab, ovine CroFabTm di goxi n i mmune
Fab, ovine Digi FabT' Rasburicase Elitek(r) Etanercept Enbrel (r) epoietin

al fa Epoge0(2njo/08s25uxi mab Er bi t ux al gasi dase beta Fabr azyo@(usp009/031678
Urofollitropin

Pharm Biomed Anal. 15(5):571-9, 1997, Srinivas et al., J. Pharm. Sci. 85(1):1-4, 1996; and
Srinivas et al., Pharm. Res. 14(7):911-6, 1997.

[0091] As would be understood to one of skill in the art, the particular biological activity or
therapeutic activity that can be tested will vary depending on the particular glycoprotein.

[0092] The potential adverse activity or toxicity (e.g., propensity to cause hypertension, allergic
reactions, thrombotic events, seizures, or other adverse events) of glycoprotein preparations can
be analyzed by any available method. In some embodiments, immunogenicity of a glycoprotein
preparation is assessed, e.g., by determining whether the preparation elicits an antibody response
in a subject.

[0093] In various embodiments, biological activity, therapeutic activity, etc., of a glycoprotein
preparation having terminal alpha-galactosyl residues is compared to a glycoprotein preparation
lacking terminal alpha-galactosyl residues. In various embodiments, biological activity,
therapeutic activity, etc., of a glycoprotein preparation having terminal alpha-galactosyl residues
is compared to a glycoprotein preparation having a different level of terminal alpha-galactosyl

residues.

Applications
[0094] Mcthods of the present disclosure can be utilized to analyze glycans from glycoproteins

in any of a variety of states including, for instance, free glycans, glycoproteins (e.g.,
glycopeptides, glycolipids, proteoglycans, etc.), cell-associated glycans (e.g., nucleus-,
cytoplasm-, cell-membranc-associated glycans, etc.); glycans associated with cellular,
extracellular, intracellular, and/or subcellular components (e.g., proteins); glycans in
extracellular space (e.g., cell culture medium), efc.

[0095] Mcthods of the present disclosure may be used in one or more stages of process
development for the production of a therapeutic or other commercially relevant glycoprotein.
Non-limiting examples of such process development stages that can employ methods of the
present disclosure include cell selection, clonal selection, media optimization, culture conditions,
process conditions, and/or purification procedure. Those of ordinary skill in the art will be aware
of other process development stages.

[0096] The present disclosure can also be utilized to monitor the extent and/or type of

glycosylation occurring in a particular cell culture (e.g., the extent of terminal alpha-galactosyl
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FertinexTmfollitropin beta Follistim Teriparatide Forteo(r) human

somat ropi n GenoTropin(r) G ucagon G ucaCGen(r) follitropin alfa Gonal -F(r)
ant i henmopwDI2o/d8sastior Hel i xate(r) Anti henmophil i c Fact or pCFais@m/oxiol$
Henofil (r) Trastuzumab

residues of a glycoprotein preparation produced in the cell culture), thereby allowing adjustment
or possibly termination of the culture in order, for example, to achieve a particular desired
glycosylation pattern or to avoid development of a particular undesired glycosylation pattern.
[0097] The present disclosure can also be utilized to assess glycosylation characteristics of cells
or cell lines (e.g., CHO cell lines) that are being considered for production of a particular desired
glycoprotein (for example, even before the cells or cell lines have been engineered to produce the
glycoprotein, or to produce the glycoprotein at a commercially relevant level).

[0098] For example, where the target glycoprotein is a therapeutic glycoprotein, for example
having undergone regulatory review in one or more countries, it will often be desirable to
monitor cultures to assess the likelihood that they will generate a product with a glycosylation
pattern as close to the established glycosylation pattern of the pharmaceutical product as possible
(e.g., having a degree of terminal alpha-galactosyl residues which is close to that of the
pharmaceutical product), whether or not it is being produced by exactly the same route. As used
herein, “close” refers to a glycosylation pattern having at least about a 75%, 80%, 85%, 90%,
95%, 98%, or 99% correlation to the established glycosylation pattern of the pharmaccutical
product. In such embodiments, samples of the production culture are typically taken at multiple
time points and are compared with an established standard or with a control culture in order to
assess relative glycosylation.

[0099] For example, in some embodiments, methods for monitoring production of a glycoprotein
may comprise steps of (i) during production of a glycoprotein, removing at least first and second
glycan-containing samples from the production system; (ii) subjecting cach of the first and
second glycan-containing samples to an analysis to determine whether a particular modification
is present (e.g., terminal alpha-galactosyl residues); and (iii) comparing the products obtained
from the first glycan-containing sample with those obtained from the second glycan-containing
sample so that differences are determined and therefore progress of glycoprotein production is
monitored. In some embodiments, the glycoprotein is abatacept. In some embodiments, the
production system comprises CHO cells.

[0100] Whether or not monitoring production of a particular target protein for quality control
purposes, the present disclosure may be utilized, for example, to monitor glycosylation at

particular stages of development, or under particular growth conditions.
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Herceptin(r) Insulin Humal og(r) anti henmophilic factor/von WIIebrand factor
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interferon alfacon-1 Infergen(r) Eptifibatide

[0101] In some embodiments, methods described herein can be used to characterize, modulate
and/or control or compare the quality of therapeutic products. To give but one example, the
present methodologies can be used to assess glycosylation in cells producing a therapeutic
protein product. Particularly given that glycosylation can often affect the activity,
bioavailability, or other characteristics of a therapeutic protein product, methods for assessing
cellular glycosylation during production of such a therapeutic protein product are particularly
desirable. Among other things, the present disclosure can facilitate real time analysis of
glycosylation in production systems for therapeutic proteins, and hence, modulation of the
glycosylation may be achieved.

[0102] Representative therapeutic glycoprotein products whose production and/or quality can be
monitored in accordance with the present disclosure include, for example, any of a variety of
hematologic agents (including, for instance, erythropoietin, blood-clotting factors, ezc.),
interferons, colony stimulating factors, antibodies, enzymes, and hormones.

[0103] Representative commercially available glycoprotein products include, for example, those

presented in Table 2, if produced in CHO cells:

Table 2: Exemplary Commercially Available Glycoprotein Products

Protein Product Reference Drug
interferon gamma-1b Actimmune®
alteplase; tissue plasminogen activator Activase™/Cathflo®
Recombinant antihemophilic factor Advate

human albumin Albutein®
Laronidase Aldurazyme®
interferon alfa-N3, human leukocyte derived Alferon N®

human antihemophilic factor Alphanate®
virus-filtered human coagulation factor IX AlphaNine® SD
Alefacept; recombinant, dimeric fusion protein LFA3-Ig Amevive®
Bivalirudin Angiomax®
darbepoetin alfa Aranesp
Bevacizumab Avastin™
interferon beta-1a; recombinant Avonex®
coagulation factor IX BeneFix
Interferon beta-1b Betaseron®™
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Integrilidmal pha-interferon Intron A(r) Paliferm n Kepivance Anakinra

Ki ner et -

Protein Product Reference Drug anti henophilic factor

Kogenate FS

i nsul i n gwvargiomssisant usO granul ocyte nacrophage col ony- ®Cirraskewiosy7$ act or

Protein Product

Reference Drug

Tositumomab Bexxar®
antihemophilic factor Bioclate ™
human growth hormone BioTropin
botulinum toxin type A Botox”
Alemtuzumab Campath®
acritumomab; technetium-99 labeled CEA-Scan®
alglucerase; modified form of beta-glucocerebrosidase Ceredase”
imiglucerase; recombinant form of beta-glucocerebrosidase Cerezyme®
crotalidae polyvalent immune Fab, ovine CroFab"
digoxin immune Fab, ovine DigiFab™
Rasburicase Elitek”™
Etanercept Enbrel®
epoietin alfa Epogen”®
Cetuximab Erbitux
algasidase beta Fabrazyme®™
Urofollitropin Fertinex
follitropin beta Follistim ™
Teriparatide Forteo®
human somatropin GenoTropin®
Glucagon GlucaGen®
follitropin alfa Gonal-F?
antihemophilic factor Helixate®
Antihemophilic Factor; Factor XIII Hemofil®
Trastuzumab Herceptin®
Insulin Humalo g®
antihemophilic factor/von Willebrand factor complex-human Humate-P"™
Somatotropin Humatrope®™
human insulin Humulin®
Adalimumab HUMIRA™
recombinant human hyaluronidase Hylenex
interferon alfacon-1 Infergen®™
Eptifibatide Integrilin”™
alpha-interferon Intron A®
Palifermin Kepivance
Anakinra Kineret
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Leuki ne /Leukine Liquid lutropin alfa, for injection Luveris GspA

| i poprotein LYMEri xTm Rani bi zunmab Lucentis(r) gentuzumab ozogam cin
M| ot ar g val2ewiissese Nagl azyme Nesiritide Natrecor(r) Pe@Cirluseestosrers
Neul ast aj m Opr el vekin

Protein Product

Reference Drug

antihemophilic factor Ko genate®FS

insulin glargine Lantus®

granulocyte macrophage colony-stimulating factor Leukine™/Leukine® Liquid

lutropin alfa, for injection Luveris

OspA lipoprotein LYMErix

Ranibizumab Lucentis®

gemtuzumab ozogamicin Mylotarg

Galsulfase Naglazyme

Nesiritide Natrecor”™

Pegfilgrastim Neulasta

Oprelvekin Neumega®

Filgrastim Neupogen®

Fanolesomab NeutroSpec " (formerly LeuTech®)

somatropin [TDNA] Norditropin®/Norditropin
Nordiflex®™

insulin; zinc suspension; Novolin L®

insulin; isophane suspension Novolin N®

insulin, regular; Novolin R®

Insulin Novolin®

coagulation factor VIla NovoSeven™

Somatropin Nutropin®

immunoglobulin intravenous Octagam®

PEG-L-asparaginase Oncaspar®

abatacept, fully human soluble fusion protein Orencia

muromomab-CD3 Orthoclone OKT3®

human chorionic gonadotropin Ovidrel®

peginterferon alfa-2a Pegasys®

pegylated version of interferon alfa-2b

PEG-Intron”

Abarelix (injectable suspension); gonadotropin-releasing hormone | Plenaxis
antagonist
epoietin alfa Procrit™

Aldesleukin Proleukin, IL-2°
Somatrem Protropin®
dornase alfa Pulmozyme®
Efalizumab; selective, reversible T-cell blocker Raptivam
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Neunega(r) Filgrasti m Neupogen(r) Fanol esomab NeutroSpec- (fornerly LeuTech
) somatropin [rDNA] Norditropin /Norditropin Nordiflex(r) insulin; zinc
suspensi omO 2hoveskism LO i nsul i n; i sophane suspensi on Nov@Cirashiooiossas i n,
regul ar; Novolin RO Insulin NovolinO coagul ation factor Vila

Protein Product Reference Drug
combination of ribavirin and alpha interferon Rebetron
Interferon beta la Rebif®
antihemophilic factor Recombinate™
rAHF/ntihemophilic factor ReFacto®
Lepirudin Refludan®
Infliximab Remicade®
Abciximab ReoPro
Reteplase Retavase
Rituximab Rituxan
interferon alfa-2a Roferon-A®
Somatropin Saizen”
synthetic porcine secretin SecreFlo
Basiliximab Simulect®
Eculizumab Soliris®™
Pegvisomant Somavert”®
Palivizumab; recombinantly produced, humanized mAb Synagis™
thyrotropin alfa Thyrogen®
Tenecteplase TNKase
Natalizumab Tysabri®

human immune globulin intravenous 5% and 10% solutions Venoglobulin-s®
interferon alfa-n1, lymphoblastoid Wellferon®
drotrecogin alfa Xigris
Omalizumab; recombinant DNA-derived humanized monoclonal Xolair®

antibody targeting immunoglobulin-E

Daclizumab Zenapax®
ibritumomab tiuxetan Zevalin™
Somatotropin Zorbtive " (Serostim®™)

[0104] In some embodiments, the disclosure provides methods in which glycans from
glycoproteins from different sources or samples are compared with one another. In some such
examples, multiple samples from the same source (e.g., from the same CHO cell source) are
obtained over time, so that changes in glycosylation patterns (and particularly in cell surface

glycosylation patterns) (e.g., changes in the presence or extent of terminal alpha-galactosyl
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residues) are monitored. In some embodiments, one of the samples is a historical sample or a
record of a historical sample. In some embodiments, one of the samples is a reference sample.
[0105] In some embodiments, the disclosure provides methods in which glycans from
glycoproteins expressed by different cell sources are compared with one another. In some
embodiments, one or more of the compared cell sources are CHO cells.

[0106] In some embodiments, glycans from different cell culture samples prepared under
conditions that differ in one or more sclected parameters (e.g., cell type, culture type [e.g.,
continuous feed vs. batch feed, etc.], culture conditions [e.g., type of media, presence or
concentration of particular component of particular medium(a), osmolarity, pH, temperature,
timing or degree of shift in one or more components such as osmolarity, pH, temperature, ctc.],
culture time, isolation steps, efc.) but are otherwise identical, are compared, so that effects of the
selected parameter on glycosylation are determined. In certain embodiments, glycans from
different cell culture samples prepared under conditions that differ in a single selected parameter
arc compared so that effects of the single selected parameter on glycosylation patterns (e.g., the
presence or absence of terminal alpha-galactosyl residues) are determined. Among other
applications, therefore, use of techniques as described herein may facilitate determination of the
effects of particular parameters on glycosylation patterns in cells.

[0107] In some embodiments, glycans from different batches of a glycoprotein, whether
prepared by the same method or by different methods, and whether prepared simultancously or
separately, are compared. In such embodiments, the present disclosure facilitates quality control
of a glycoprotein preparation. Alternatively or additionally, some such embodiments facilitate
monitoring of progress of a particular culture producing a glycoprotein (e.g., when samples are
removed from the culture at different time points and are analyzed and compared to one another).
In some examples, multiple samples from the same source are obtained over time, so that
changes in glycosylation patterns are monitored. In some embodiments, glycan-containing
samples are removed at about 30 second, about 1 minute, about 2 minute, about 5 minute, about
10 minute, about 30 minute, about 1 hour, about 2 hour, about 3 hour, about 4 hour, about 5
hour, about 10 hour, about 12 hour, or about 18 hour intervals, or at even longer intervals. In
some embodiments, glycan-containing samples are removed at irregular intervals. In some

embodiments, glycan-containing samples are removed at 5 hour intervals.
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[0108] In some embodiments, methods in accordance with the disclosure may be used to monitor
the glycosylation pattern of glycoproteins during the course of their production by cells. For
example, production of a glycoprotein (e.g., commercial production) may involve steps of (1)
culturing cells that produce the glycoprotein, (2) obtaining samples at regular or irregular
intervals during the culturing, and (3) analyzing the glycosylation pattern of produced
glycoprotein(s) in obtained sample(s). In some embodiments, such methods may comprise a step
of comparing the glycosylation patterns of produced glycoprotein(s) in obtained samples to one
another. In some embodiments, such methods may comprise a step of comparing glycosylation
patterns of produced glycoprotein(s) in obtained sample(s) to the glycosylation pattern of a
reference sample.

[0109] In any of these embodiments, features of the glycan analysis can be recorded, for
example in a quality control record. As indicated above, in some embodiments, a comparison is
with a historical record of a prior or standard batch and/or with a reference sample of
glycoprotein.

[0110] In some embodiments, glycans from different batches of a particular glycoprotein,
whether prepared by the same method or by different methods, and whether prepared
simultancously or separately, are compared to one another and/or to a reference sample. In some
embodiments, batch-to-batch comparison may comprise the steps of (i) providing a first glycan
preparation from a first batch of the glycoprotein; (ii) providing a second glycan preparation
from a second batch of the glycoprotein; (iii) subjecting cach of the first and second glycan
preparations to analysis procedure; and (iv) comparing the results of the analysis obtained from
the first glycan preparation with the cleavage products obtained from the second preparation so
that consistency of the two batches is assessed. In some embodiments, glycan preparations can
be provided by removing at least one glycan from at least one glycoprotein from a batch and,
optionally, isolating removed glycans. In some embodiments, glycan preparations may be
labeled as described herein (e.g., fluorescently and/or radioactively; e.g., prior to and/or after
isolation).

[0111] In some embodiments, the present disclosure facilitates quality control of a glycoprotein
preparation. Features of the glycan analysis can be recorded, for example in a quality control

record. As indicated above, in some embodiments, a comparison is with a historical record of a
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prior or standard batch of glycoprotein. In some embodiments, a comparison is with a reference
glycoprotein sample.
[0112] In certain embodiments, the present disclosure may be utilized in studies to modify the
glycosylation characteristics of a cell, for example to establish a cell line and/or culture
conditions with one or more desirable glycosylation characteristics, e.g., a cell line that produces
glycoproteins having, or lacking, terminal alpha-galactosyl residues. Such a cell line and/or
culture conditions can then be utilized, if desired, for production of a particular target
glycoprotein for which such glycosylation characteristic(s) is/are expected to be beneficial. In
particular embodiments, the cell is a CHO cell.
[0113] According to the present disclosure, techniques described herein can be used to detect
desirable or undesirable glycans, for example to detect or quantify the presence of one or more
contaminants in a glycoprotein product, or to detect or quantify the presence of one or more
active or desired species.
[0114] In certain embodiments, methods described herein facilitate detection of glycans that are
present at very low levels in a source (e.g., a biological sample, glycan preparation, ctc.). In such
embodiments, it is possible to detect and/or optionally quantify the levels of glycans that are
present at levels less than about 10%, 5%, 4%, 3%, 2%, 1.5%, 1%, 0.75%, 0.5%, 0.25%, 0.1%,
0.075%, 0.05%, 0.025%, or 0.01% within a population of glycans. In some embodiments, it is
possible to detect and/or optionally quantify the levels of glycans comprising between 0.1% and
5%, e.g., between 0.1% and 2%, e.g., between 0.1% and 1% of a glycan preparation.
[0115] In some embodiments, methods described herein allow for detection of particular
linkages that are present at low levels within a population of glycans. For example, the present
methods allow for detection of particular linkages (e.g., terminal gal-o.—1,3—gal linkages) that are
present at levels less than 10%, less than 5%, less than 4%, less than 3%, less than 2%, less than
1.5%, less than 1%, less than 0.75%, less than 0.5%, less than 0.25%, less than 0.1%, less than
0.075%, less than 0.05%, less than 0.025%, or less than 0.01% within a population of glycans.
[0116] In some embodiments, methods described herein allow for detection of relative levels of
individual glycan species within a population of glycans. For example, the arca under ecach peak
of a liquid chromatograph can be measured and expressed as a percentage of the total. Such an
analysis provides a relative percent amount of cach glycan species within a population of
glycans.
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[0117] The present disclosure will be more specifically illustrated with reference to the
following examples. However, it should be understood that the present disclosure is not limited
by these examples in any manner.
[0118] One of skill in the art may readily envision various other combinations within the scope
of the present invention, considering the example with reference to the specification herein
provided.

EXAMPLES
Example [:
[0119] Orencia™ (abatacept) is a soluble fusion protein that consists of the extracellular domain
of human cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) linked to the modified Fc
(hinge, CH2, and CH3 domains) portion of human immunoglobulin G1 (IgG1). Abatacept is
produced by recombinant DNA technology in a mammalian cell expression system. The
apparent molecular weight of abatacept is 92 kilo Daltons. Abatacept is used to treat the
symptoms of rheumatoid arthritis, to slow the progression of joint damage, and to improve
physical function. The large complexity of this biotherapeutic arising from its heavy
glycosylation (3 N-linked and two O-linked glycosylation sites) requires carcful production and
characterization. Since different modifications to the protein chemical composition (protein
backbone modifications, glycosylation, etc.) can affect the biological function of the
glycoprotein, it is important to ensure a good control over the chemical and physical propertics
of this biotherapeutic during manufacturing.
[0120] The Gal-al-3Gal epitope (“alpha-gal”) is not typically found in human proteins and is not
expected in CHO derived products. This epitope is typically observed in proteins isolated from
pigs and mice. Humans have circulating antibodics against the Gala1-3Gal termini and therefore,
it is important to monitor these species in glycoprotein therapeutics and to understand how this
relates to process development. This disclosure indicates the presence of the alpha-gal structure

in the abatacept (which is expressed in CHO cells).

Procedure used to analyze the glycan species:

[0121] N-glycans were isolated from the drug substance by treatment with PNGASE-F followed

by solid phase extraction purification. Glycans were then 2AB labeled and selected fractions
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were then analyzed by LC-MS-MS. The glycan structures were further confirmed through a
combination of exoglycosidases, MALDI-MS, and Lc-MS/MS.

[0122] This data illustrates the presence of the terminal alpha linked galactose in the abatacept-
CTLA4 glycoprotein N-glycans. N-linked glycan samples of Orencia™ (abatacept), a soluble
fusion protein that consists of the extracellular domain of human cytotoxic T-lymphocyte-
associated antigen 4 (CTLA-4) linked to the modified Fc (hinge, CH2, and CH3 domains)
portion of human immunoglobulin G1 (IgG1), were analyzed via LC-MS/MS. Figure 3 shows
the fluorescence chromatogram of a fraction of glycans derived from Abatacept showing the
detection of a glycan species with composition HexNAcsHexgFuc; that could correspond to an
galactose-a-1-3galactose -containing structure.

[0123] The MS? spectrum from the glycan species derived from Orencia™ with composition
HexNAcsHexgFuc; suggested the presence of the non-reducing end galactose-a-1-3 linked
galactose (Figure 4) although it does not eliminate the possibility of other potential structures
such as a hybrid-type glycan.

[0124] Further confirmation of this structure was obtained using a combination of different
exoglycosidase treatments followed by LC-ESI-MS/MS and MALDI-MS. N-glycan fractions
derived from both Orencia™ and a control protein were subjected to exoglycosidase enzyme
treatments. Both samples were treated with (i) a-galactosidase and (ii) a mixture of -
galactosidase, B-N-acetylhexosaminodase, and mannosidase to resolve the potential non-
reducing end galactose-o-1-3 linked galactose structure. A comparison of the florescence
chromatograms for the products of the two reactions is shown in Figure 5.

[0125] No major differences were observed in the glycans from the control protein before and
after a-galactosidase treatment. On the other hand, a clear decrease in a species with
HexNAcsHexgFuc; composition and a concomitant increase in a species HexNAcsHexsFuc,
composition was observed in Orencia™. The MS? for the species with HexNAc4HexgsFuc,
composition from abatacept as a result of the enzyme treatment is also shown in Figure 6.
[0126] Additional confirmation was obtained from the results of the treatment with a different
set of exoglycosidases (beta-galactosidase, hexosaminidase and mannosidase) as analyzed via
MALDI-TOF-MS (Figure 7).

[0127] The data suggests that the species with HexNAc4HexsFuc; composition in Orencia™
contains mainly the non-reducing end galactose-a1-3 linked galactose.
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[0108] In sonme enbodi nents, nmethods in accordance with the discl osure may
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course of their production by cells. For exanple, production of a

gl ycoprotein (e.g., commercial production) may involve steps of (1)
culturing cells that produce the glycoprotein, (2) obtaining sanples at
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of these enbodi nents, features of the glycan analysis can be recorded, for
exanple in a quality control record. As indicated above, in sone

enbodi nents, a conparison is with a historical record of a prior or
standard batch and/or with a reference sanple of gl ycoprotein.
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di sclosure is not limted by these exanples in any manner. [0118] One of
skill in the art may readily envision various other conbinations within the
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t he specification herein provided. EXAMPLES Exanple 1. [0119] Orenci aTM
(abatacept) is a soluble fusion protein that consists of the extracellul ar
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[0121] N-glycans were isolated fromthe drug substance by treatnment with
PNGASE- F fol |l owed by solid phase extraction purification. dycans were then
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gl ycan structures were further confirmed through a conbination of

exogl ycosi dases, MALDI -MS, and Lc- M5/ MS. [0122] This data illustrates the
presence of the term nal al pha |inked gal actose in the abatacept CTLA4

gl ycoprotein N-glycans. N-linked gl ycan sanpl es of Orenci aTM (abat acept), a
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were anal yzed via LC-MS/Ms. Figure 3 shows the fluorescence chromat ogram of
a fraction of glycans derived from Abat acept showi ng the detection of a
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net hods, and equival ents thereto, are intended to be clainmed. The cl ai ns,
descr i peiegnse-alnkh- Hidgptastese ofitophe et hods, systens, and assays of the
present disclosure should not be read as limted to the described order of
el enents unless stated to that effect. [0129] Al literature and simlar
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are not to be construed as Iimting the subject matter described in any
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enbodi nents and exanples, it is not iﬁ%ended that the nmethods be limted to
such enbodi ments or exanples. On the contrary, the methods enconpass
various alternatives, nodifications, and equivalents, as wll be

appreci ated by those of skill in the art. dCdains 1. A nethod for eval uating
a Chinese Hanster Ovary (CHO cell population, the nmethod conprising:



(a) providing one or nore CHO cells fromthe popul ation; and (b)
measuri ng gl ycans containing term nal gal actose-al pha-1-3-gal act ose
resi dues woadwoss2shy said cells, wherein the CHO cel | s RaTaSa@v/obmsesn
genetically engineered to express an al pha-gal actosyl transferase coding
sequence. 2. The nmethod of claim1, wherein the nmeasuring step conprises any
of : (a) isolating glycoproteins produced fromthe CHO cells and
measuring the glycans containing term nal gal actose-al pha-1-3-gal act ose
resi dugs, onThbeeHMGPRIRh € VRercin the CHORLIIE SR IALERGn & c8P&AIEd C gl ycoprotein
conposi tion produced fromthe CHO cells and measuring the glycans
containing term nal gal act ose- al pha-1-3-gal actose residues fromthe
:c sol at F‘I\Q gl *RQ reﬁlto‘tailorf.l IR OF é[r!ei(r)lr:['he CHO, ce%lg gz}ve%tg%na M RIm3d %li%c an Rf epar ation
roma gl ycoprotern preparation or isolated glycoprotern produced fromthe
CHO celchsdarpth masithérageutibglygbptorits cont ai ni ng ter m nal
gal act ose- al pha- 1- 3-gal act ose residues in the glycan preparation, (d)
cl eavi ng nonosacchari des from gl ycans present on a gl ycoprotein produced
from the CHPhEBlcRdQF chal®M MktH&ARTpPBink AR B4y Jreent@fink AR HRAINPST tBRNiRa1CHO
cells, and detecting the term nal released al pha-gal actose residues from
t he cl eaketgsandlnlens bdcdetactadegpitopes or glyaans epndainig ity a@ttopesast one peptide from
a 9'YC§R£8h%thPéﬁEﬁ%ﬁ§i°“ produced fromthe CHO cells, and neasuring the
gl ycans contai ning term nal gal act ose-al pha-1-3-gal act ose residues on the
at | east one peptide, and (f) neasuring glycans containing term nal

gal act gse- al pha- 1- 3-gal actose resi dues from.gl ycans on the cell surface of
Phe ondBor iBF Belapbol Be  SerE TGO ORPERE SHE e BN BH O S col |
popul atficaitht £HO 64IRMAAH nfedurin AR 19¢4nS BontaiMidg 204010 8H3&IRCGIHRISLE0A0336 78

4. The method of claim 1, further conprising a step of conparing the |evel
measur éesidugs er Bis glysppioteing. r ef er ence | evel or specification. 5. The method
of claim 1, wherein nmeasuring conprises use of a nethod for identifying or
guantifying glycans containing term nal gal act ose-al pha-1- 3-gal act ose

resi dudg. sellbetrethoflpd phatrhn é, whayeip noensingtcomgrieds: isaddmgrespogfiaplyceproteinhods,

mass spectronetr net h | ect rophor et.i c .net hods,. .nucl ear . magneti c
gt S e AR R o eRE I G R e TR A e
WV- VI S galastosddapiie] -3aaryint r@idies hedshe ivdgte@klyaostetcacddngidsitohecul e, and

conbi nati ons thereof. 6. The nethod of claim1, wherein the CHO cel
popul ation is a sanple froma cell culture in a bioreactor for

manuf aggurhDghethol REELARS ‘I'F\ivﬁerahmwrﬁltg%ioﬁlprises obtaining a glycan preparation from a

glycoprotein preparation or isolated glycoprotein produced from the CHO cells and measuring

the glycans containing terminal galactose-alpha-1-3-galactose residues in the glycan preparation.

19. The method of claim 1, wherein the measuring comprises (d) cleaving monosaccharides
from glycans present on a glycoprotein produced from the CHO cells or from glycans on the

surface of the one or more CHO cells, and detecting the terminal.
20. The method of claim 1, wherein measuring comprises providing at least one peptide

from a glycoprotein preparation produced from the CHO cells, and measuring the glycans

containing terminal galactosc-alpha-1-3-galactose residues on the at least one peptide.
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7. The nethod of claim1l1, wherein the providing and neasuring steps are
repeated at | east once over tine. 8. The nethod of claim11, wherein the
measur i ngwetep/semspri ses usi ng a detection nol ecul e t haPtChiusd®9ws1678

gal act ose- al pha- 1- 3-gal act ose epitopes. 9. The nethod of claim8, wherein
the detection nolecule conprises a lectin that is able to bind to

gal act ose- al pha- 1- 3-gal act ose epitopes. 10. The nethod of claim8, wherein
t he detection nol ecule conprises an anti body agai nst

gal act gge- altRBfichiod o9 &aftt | OFFerER GRS g comprischfcalBifAdmAhal a8, Wherein
t he detection nol ecule conprises or is bound to a nolecule conprising a

| abel | etbhadiegylactosezesiduve omgtylsoehnafgatsh ai thelcell sunfadeent theamp or giongCHOst ep  of
record%Q@V&?e result of the nmeasuring step in a print or conputer-readable
medi um™ VWO 2010/ 085251PCT/ US2009/ 031678 13. The nethod of claim1,
wherein the CHO cells are present in a cell culture. 14. The nethod of

claim§2 mh&gein tBe CHO cel s.hﬁye been transforpmed wi.th. a vector encoding
a humar’t her ApaLstho OQFV%ET% EPiR he MeasUFRESIEREGRTISET PEOAMHERE  furt her
conpriQmw%ﬁg§?ﬁﬁéﬁkﬁgdquantifying t he amount of term nal

gal act ose- al pha- 1- 3-gal act ose epitopes or glycans containing the epitopes

present on the CHO cells. 16. The nethod of claim1l, wherein neasuring

nt_on the O ) . n mea |
Che’ ol yaans BoRt R RLHiRP A AnPharHERe b A S SRLERREnALc, droe on

t he gl ypapookey ES) mtthodThe net hod of claim 1, wherein neasuring conprises
isolating a specific glycoprotein conposition produced fromthe CHO cells
and nmeasuring the glycans containing term nal gal act ose-al pha-1-3-gal act ose

residueg. from hithold0tRILY, Ghot6iaREOhEsOrifOdBPSIrhhrRBs perfodminkh@ met hod of
claim1l1, wherein neasuring conprises obtaining a glycan preparation froma

gl ycoprelseaorhogttiepagthad on or i sol ated gl ycoprotein produced from the CHO
cells and neasuring the glycans containing term nal

gal act ose- al pha- 1- 3-gal actose residues in the glycan preparation. 19. The
met hod 26f clTaé methodwi el h, Whecinglasmedsngng gapeansEse{ phrformemwe mglear
nonosaccharides fro can resent on a glycoprotein produced fromthe
CHO cel2&"FHC PV §n'ﬁ°$he surface of the one or nore CHO cell's, and
detecting the termna

26. A mecthod for screening one or more Chinese Hamster Ovary (CHO) cells for the ability to
produce glycoproteins comprising glycans containing -alpha-1-3-galactose epitopes, the method
comprising:

(a) providing a plurality of CHO cell populations wherein none of the plurality have been
genetically engineered to produce terminal alpha-galactosyl residues on glycans;

(b) culturing each of the plurality of CHO cell populations under conditions suitable for
expression of a glycoprotein expression product;

(¢) measuring glycans containing terminal galactose-alpha-1-3-galactose residues
produced by cach of the plurality of CHO cells, and

(d) selecting one or more of the plurality of CHO cell preparations based on the presence
of a target level of terminal galactose-alpha-1-3-galactose residues produced by the selected
CHO cell preparation,
wherein the CHO cells have not been transfected with an alpha-galactosyl transferase coding

sequence.
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20. The nethod of claim 1, wherein measuring conprises providing at |east
one peptide froma glycoprotein preparation produced fromthe CHO cel | s,
and neasuwoOrrgloriss2sgl ycans contai ning term nal gal act osePalrisas02/03t6g@l act ose
residues on the at |east one peptide. WD 2010/085251PCT/ US2009/ 031678 21
The met hod of claim 1, wherein neasuring conprises measuring term nal

gal act oseal pha- 1- 3- gal act ose resi dues on gl ycoconjugates on the cel

surface of the one or nore CHO cells. 22. The nethod of claim1, wherein
the measuri nge $BRISPERIh S6SyIREEih 04K JFohApI GRS BN GHuikbhofin . 841 The
met hod of claim 1, wherein the neasuring step conprises performng a nass
spect r spigarey (MS) nethod. 24. The nethod of claim 1, wherein the neasuring
step conprises perform ng an el ectrophoretic nethod. 25. The nethod of
claim1l1, wherein the neasuring step conprises performng a nucl ear nagnetic
resonange ( NWRmectiethddlaim 26, wir¢ir theady daas c@edigiag teangimhgaladtoseilghadhgnese

Hanst er Ovar . ) cells for the abjlity to. produce gl ycoprotej
conpri §F‘1ﬁ@t°§ﬂy rﬁé‘gﬁg AEORERFFRING anéﬁ%%fl ajygfpg%i@aéﬁa@%ﬂ I %gf &Fﬁﬁﬁﬁlhod

conpri $tdpdrations. (a) providing a plurality of CHO cell popul ations
wherein none of the plurality have been genetically engineered to produce
term nal al pha-gal actosyl residues on gl ycans; (b) culturing each of

the plypali tr}% %tﬁ%‘d@f Sﬁln{l 280 ah 'th%zgﬁycléﬁéj@&naa%%pg ke BB gﬁ%‘dt§s%%"1ﬁa‘f 8.
expression of a glycoprotei’n expression product; Cc asuring

gl ycangalkecantcaicsidng atemnasnsld ogalepiidos sbtaalep fianila Slygalratcinaspresdsi podsct pf oduced
by eacqﬁﬁéﬁéhe |ural.ity of CHO cells, and (d) selecting one or nore
of thet “Fp@ﬁ@@ﬂ cel | preparations based on the presence of a target
| evel of term nal gal actose- al pha-1-3-gal act ose resi dues produced by the
sel ected CHO cell preparation, wherein the CHO cells have not been

t r ansf 80t ed Thf fisthed oArlsina 2¢arvhestin fipl glyqepnedérinias tewiiahgrl sdepgeriie: 1-3 W0

2010/ 0%?1%&%5%%£1h{§%%9@&9%&§:ﬁ%mm cell surface glycans of the CHO cell preparations.

31. The method of claim 26, wherein the glycans containing terminal galactose-alpha-1-3-
galactose residues are measured on glycan preparations obtained from the CHO cell preparations

or from a glycoprotein expression product thereof.

32. The method of claim 26, wherein the measuring step includes the step of (i) isolating a
glycoprotein expression product from cach of the plurality of CHO cell populations, and (ii)

measuring the terminal galactose-alpha-1-3-galactose residues on the glycoprotein expression

product.
33, The method of claim 27, wherein the cell culture is in a bioreactor.
34. The method of claim 26, wherein measuring comprises use of a technique for identifying

or quantifying glycans containing terminal galactose-alpha-1-3-galactose residues selected from
the group consisting of: chromatographic methods, mass spectrometry (MS) methods,
electrophoretic methods, nuclear magnetic resonance (NMR) methods, monosaccharide analysis,
fluorescence methods, UV-VIS absorbance, enzymatic methods, use of a detection molecule,
and combinations thereof.
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27. The nethod of claim 26, wherein each of the plurality of CHO cel

popul ations is in a cell culture. 28. The nethod of claim 26, wherein the
gl ycans cwotaionisszfit er mi nal gal act ose- al pha- 1- 3- gal act @€®&/USe@oasms3s ar e
measured on an isol ated gl ycoprotein expression product of the CHO cel
preparations. 29. The nethod of claim 26, wherein the glycans containing
term nal gal act ose- al pha-1-3- gal act ose resi dues are neasured on peptides
obtained froma glycoprotein expression product of the CHO cel
preparations. 30. The nethod of claim 26, wherein the glycans containing
term nal gal act ose- al pha-1-3- gal actose residues are neasured from cel

sur f ac85gl ydhamethfodtofi ela®Hep.cveidreip piepast ang hagpluralgy of THE eedtpepdlabdnsdiant m 26,
wherei B LG, ShYGans & ankabnind et aunal 1aal agtosccal alg- 1- 3- gal actose
resi dues are measured on gTycan repara{loﬁ% obt ai hed f'rom the CHO cel
preparations or froma glycoprotein expression product thereof. 32. The

met hod _of clai m 26, ereln the neasyrin t i ncludes the step of (i)

| sol at Phg aLFEF Wf&ﬁfi@?@%aﬁn é%py@geév %@‘3@? C?f%ﬁﬁq_ﬁ@@ﬂﬁam% cr?énpﬁﬁsgsr%|1~?af<>k/ of
CHO cebohe BiRRsi@Lstio fdect@Norh ko griB RS igh §8 IERE R d\d@kferent CHO strains, at

gal act ose- al pha- 1- 3- gal act ose resi dues on the,glycoproteln expressi on

pr oducteast 33 diff¢rentrpdangbepligfopelatipns 2 atigest tajorslitf¢rentsampleg flompre is in a

bi or ea | A erei n neasuri ng conprises use of
a tech%%%&%w?%@gpgggS?%%?%ga%%“%ﬁ@%?%&gﬁ%%@§1ycans containing term na

gal act ose- al pha- 1- 3-gal act ose resi dues selected fromthe group consisting

of : chrgmat ggr aphi t hogds, SS spectrgnetry . met hods

ol ect 1 aghor A ERIHSTIbBLI AG R CRRPHONE Derber SHEbIERRRF s I cel
ﬁDnOSa%ﬁﬂ@ﬁhgﬁKﬁﬁ@&x§h&hmﬁﬁﬂﬁé?E@@@g@ﬁﬂﬁb&gﬂs, UV-VI S absor bance, enzymatic
met hods, use of a detection nolecule, and conbinations thereof. WO

2010/ 085251PCT/ US2009/ 031678 35. The net hod of claim 26, wherein at | east
one t haqepl unal CHOES! i g with a
vectorgghco§?%8£§4ﬁ%§an fﬁ%fﬁ1@%@#%33F@%@%@%%ﬁ?ﬁﬁﬁg%%{§¢ﬁgﬂﬁgﬁgg6 of claim
26, wher ei ncohprigphgimadasiringdhic GhMIne ef fermiopli addciosarslpberipl-gdegosatprésestsh aone
characteristjc selected fromthe group consisting of: at |east two

di fferent CARPITHOMPPRAst two different clonal cell popul ations, and
at | easfhetawthdighyfcepttin SaifvlsR®n fwag fr@lub@NK i UsdtRElIDERCRB&einltiad OHDOr  a

t herapeutic _glycoprotein. 37. The nethod of claim 26, further conprising
the st 8psteellcufieapt ggetindy sagisearahtocrpycse alphaagidactasy ipns51ase serlite a

t her apeuytjefc9! ycoprotein product. 38. A nethod for evaluating a

gl ycoprotel n conposition produced in a CHO cell host, conprising: measuring
t he amount of term nal gal act ose-al pha-1-3-gal actose present in a

gl ycopr,gt ei B, conposi t.i.on rein the .gl ycopet ot ei ONpROsSI-t i Q s, produced
P’ o fost TREME8agh G &l et Bs SEPRid it Ry ERTRaBi 4 BacfRal | y

engi neatphd- 1t PgsxQsLIBesatt iAkhphdy @atash osyipoditichna fagiiaser athuteg-redqblence.  39.
The net hod of claim 38, further conprising recording the |evel of term nal
galact@%@&mbha-l-3-galactose present in the glycoprotein conposition in a
print or conputer-readabl e nedi um

40. The method of claim 38, further comprising comparing the measured level of terminal

galactose-alpha-1-3-galactose present in the glycoprotein composition with a reference level.

41. The method of claim 40, wherein the reference level is a specification or quality criterion

for a pharmaceutical preparation containing the glycoprotein composition.

42. The method of claim 40, wherein the reference level is no more than 5% terminal
galactose-alpha-1-3-galactose on a glycan/total glycan basis.
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40. The nethod of claim 38, further conprising conparing the neasured | evel
of term nal gal actose-al pha-1-3-gal actose present in the glycoprotein
conposi t iwo 2oindssmir ef erence | evel. 41. The net hod of elcaiuseebO/o3wher ei n
the reference level is a specification or quality criterion for a
pharmaceutical preparation containing the glycoprotein conposition. 42.
The nethod of claim40, wherein the reference level is no nore than 5%
term nal gal act ose- al pha- 1- 3-gal act ose on a glycan/total glycan basis. 37
WD 2010/ 085251PCT/ US2009/ 031678 43. The net hod of claim 38, wherein
measuring the anobunt of term nal gal actose-al pha-1-3- gal actose present in
t he gl y8opr dheimethodwpolsin Bdrvlsmm nicgasing dhrd anavinhgf tarmeihal@etictyge-alphi-¢-3ret hod.

44. Thealggtt heoq s%ft Cltﬁ‘é ni' (::308 ot\é\@lec%reni Qsi 1 nagol'rqu irngs ! r}Forr%ﬁl'ol'ln(;[h.r(())r}cla‘[t errél .icr:]a!
gal act G858 AT PRET-3-"4a Args PrEgERt” FRRE B YEGpIEct BT R E8RPRSt ti on

conpri s@shgder f orm ng amass spectronetry (MS) nethod. 45. The met hod of
claim 38, wherein neasuring the anount of term nal gal actose-al pha- 1-3-
gal act ose present in the glycoprotein conposition conprises performng an

nucl eay4mMagTet hietHo@ P BRNE 88, (WRERIn MRLAPRS thAfnouhPSr EBRRAG ARkt cé-aIpHA-3S-
wherei n nmeasuring the amount of ternlna? gal act ose-al pha-1-3- gal act ose

pr esentgalagfoscresghyindhe gy edpioteivrppoptitighcananses BebHrpmefanass sngciongdacchari de
analysill§,][S %ﬁdehe nmet hod of claim 38, wherein nmeasuring the anmount of
terniné &g1actbse-alpha-l-3- gal act ose present in the glycoprotein
conposition conprises performng a fluorescence nethod. 48. The net hod of

claim 38, rei Sur i t he .amount. of term na al act ose- al pha- 1- 3-
gal act 35 ‘3’&3& Bthofl " elgen Sgyf&‘%%ﬁgﬁwr@smfo@mqnb# ‘edhph 'gé"gas“"ﬁ‘é'?@g?'rlﬁ ig a
W- VI S gahsesdnbeat mehh@deoprétin c-gﬂl%oﬁﬁéﬂ"&gnsﬁfseﬁlbe%fdﬂhﬁ% anWMBl&i agiBas Ur i ng
t he amount of term nal gal act ose-al pha-1-3- gal actose present in the

gl ycopreseeinge €dMbasiathasin conpri ses performing an, enzymatic nethod. 50.
The net hod of claim 38, wherein neasuring the anmount of term nal

gal act ose- al pha- 1-3- gal actose present in the glycoprotein conposition
conpri 96s udee ofcttmddétieon Bnwhnntie owheiring the amount of terminal galactose-alpha-1-3-

galactose present in the glycoprotein composition comprises performing monosaccharide

analysis.

47. The method of claim 38, wherein measuring the amount of terminal galactose-alpha-1-3-

galactose present in the glycoprotein composition comprises performing a fluorescence method.
48. The method of claim 38, wherein measuring the amount of terminal galactose-alpha-1-3-
galactose present in the glycoprotein composition comprises performing a UV-VIS absorbance

method.

49. The method of claim 38, wherein measuring the amount of terminal galactose-alpha-1-3-

galactose present in the glycoprotein composition comprises performing an, enzymatic method.

50. The method of claim 38, wherein measuring the amount of terminal galactose-alpha-1-3-

galactose present in the glycoprotein composition comprises use of a detection molecule.
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