METHODS AND COWVPOSI TI ONS W TH ENHANCED THERAPEUTI C  ACTI VI TY BACKGROUND OF
THE INVENTION Field of the Invention 5 The invention relates to nethods of
nodi fyi ng therapeutic proteins that interact with Fc receptors and
produci ng nodi fi ed therapeutic proteins, e.g., antibodies, such that the
conposition of the oligosaccharide chains may enhance the avidity of the
anti body for its target and alters the receptor binding affinity and
therefore the effector function activity of said antibodies as conpared to
unnodi fied anti bodies. 10 Description of the Related Art Anti bodies are

sol ubl e serum gl ycoproteins that play a significant role in innate
imunity. The carbohydrate structures of all naturally produced anti bodi es
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10  Description of the Related Art

Antibodies are soluble serum glycoproteins that play a significant role in
innate immunity. The carbohydrate structures of all naturally produced antibodies at
conserved positions in the heavy chain constant regions varies with isotype. Each
isotype possesses a distinct array of N-linked oligosaccharide structures, which variably

15  affect protein assembly, secretion or functional activity (Wright, A., and Morrison, S.
L., Trends Biotech. 15:26-32 (1997)). Referring to Figs. 1 & 2, the structure of the
attached N-linked oligosaccharides varies considerably, depending on the degree of
processing, and can include high-mannose, as well as complex biantennary
oligosaccharides with or without bisecting GlcNAc¢ and core Fucose residues (Wright,

20 A, and Morrison, S. L., supra). Typically, there is heterogeneous processing of the core
oligosaccharide structures attached at a particular glycosylation site such that even
monoclonal antibodies exist as multiple glycoforms. Likewise, it has been shown that
major differences in antibody glycosylation occur between antibody-producing cell
lines, and even minor differences are seen for a given cell line grown under different

25 culture conditions.



anti bodies (Mabs) is not well understood. The serumhalf-life of Mabs is
particularly 5 long-lived and construction of Fc-fusion proteins has proved
a useful strategy in devel oping therapeutic proteins, e.g., the protein
enteracept. Antibodies and T-cell receptor nol ecul es possess regions that
are responsible for specific cell surface receptor binding, which binding
nodul ates the «cellular response. In the i nmune system these functions are
classified as Imoral and 10 cellular. Antibodies are often referred to as
adaptor nol ecul es I'inking hunoral and cellular inmune nmechani sns: hunoral
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surface of a cell), sensitization of mast cells, and activation of complement. For cellular

targets, that is, cell surface antigens, these effector functions lead to what is commonly

known as antibody-dependent cellular cytotoxicity (ADCC) and complement-dependent
20  cytotoxicity (CDC).

Among antibody isotypes (e.g., IgE, IgD, IgA, IgM, and IgG), IgGs are
the most abundant with the IgG1 subclasses exhibiting the most significant degree and
array of effector functions. IgG1-type antibodies are the most commonly used
antibodies in cancer immunotherapy where ADCC and CDC activity are often deemed

25  important. Structurally, the IgG hinge region and CH2 domains play a major role in the
antibody effector functions. The N-linked oligosaccharides present in the Fc region
(formed by the dimerization of the hinge, CH2 and CH3 domains) affect the effector

functions. The covalently bound oligosaccharides are complex biantennary type



domai ns, form ng extensive contacts with the pol ypepti de backbone. It has
been found 5 that their presence is essential for the antibody to nediate
effector functions, such as ADCC (Lifely, M R, et al., dycobiol ogy
5:813-822 (1995); Jefferis, R, et al., Imunol Rev. 163:59-76 (1998);
Wight, A and Mrrison, S. L., supra). These heterogeneous oligosacchari des
contain predomnantly sialic acid, fucose, gal actose and GLcNAc residues as
term nal sugars (Raju, T.S., et al. 10 dycobiol ogy 2000. 10(5): 477-86). It
has been shown that sone of these termnal sugars, such as exposed
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15  are complex biantennary in nature, they are not sialylated to a signficant extent
(Idusogie EE, et al. 2000. J Immunol. 15:164(8):4178-84).

The major structures found in human IgG and other recombinantly-
produced IgGs are the complex biantennary structures with or without exposed Gal
residues (Fig. 1). The biological significance of terminal Gal containing structures on

20  the antibody functions has been studied in detail. The extent of galactosylation of
antibodies is affected by age, gender, and disease (Raju, T.S., et al. Glycobiology 2000.
10(5): 477-86). In general, oligosaccharide structures are somewhat species-specific and
vary widely. Further, the biological significance of oligosaccharide structures with and
without bisecting GIcNAc and core fucose residues has also been studied. Human IgG

25  and many of the recombinantly-produced IgG’s contain minor amounts of sialylated
oligosaccharides, however, the vast majority of IgG’s contain non-sialylated

oligosaccharide structures.

Information on the effects of sialic acid in the Fc glycan of Abs on Fc



Fe glycans on the original Mab preparation that was used as a reference
appeared to be 5 less than 10% sialylated, making it difficult to detect any
effect (Boyd et al., 1995). Simlarly, Wight and Morrison (1998) reported
no di scernable difference in FcyR  binding between an 1g@ Ab expressed in
a nmutant CHO cell line that was defective in sialylation and the sane Ab
expressed in a wild-type CHO cell line. However, the amount of sialic acid
present in the Ab fromthe wild-type cells was likely quite low 10 (Wi ght
et al., 2000), and therefore any differences in binding between sialylated
and asialylated Abs mould also be difficult to detect. Mnura et al. (2000)
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t herapeutic antibodies, this information can be used to enhance and further
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| NVENTI ON The present 1 nvention corprises optim zing the hunoral
only, which would have allowed an analysis of the effects of sialic ac1d A mutated and

15  highly sialylated (via &2,3 linkage) human IgG3 Ab (Lund et al., 1996 supra) was 2 to
3-fold less active than its wild-type, low-sialylated counterpart in complement lysis
assays, and FcyRI-dependent and FcyRII-dependent functional assays, but a highly
sialylated variant of the same Ab that contained a mix of two sialic acid linkages (a2,3
and a2,6) showed activities comparable to the wild-type (Jassal et al., 2001 Biochem

20  Biophys Res Comm 286:243-249). Although demonstrating that the type of sialic acid
linkage can have at least some effect on Fc function of a mutant IgG3 Ab, studies have
not compared Fc function of an IgG with high sialic acid content to an IgG with low

sialic acid content.

Therefore, a systematic analysis of the role of sialic acid compositions in
25 oligosaccharide structures bound to immunoglobulin constant regions is warranted.
Given the available techniques of pre-expression genetic engineering or post-expression
modification of therapeutic antibodies, this information can be used to enhance and

further match the cellular responses elicited by this class of biopharmaceuticals to the



and cel lular i mune functions of Fe-containing nolecules, particularly

anti body 5 therapeutics. The present invention conprises a nethod for
controlling the properties of an Fe-containing nol ecule, conprising
altering (increasing or reducing fromwld type) the sialylation of the

ol i gosaccharides in the Fe region to control the avidity of the nvolecule
for multiply localized target proteins; the affinity for one or nore of the
Fc 10 gamma receptors, e.g., FcyRl, FcyRI1 A, and FcyRI I A receptors; ADCC
activity; macrophage or nonocyte activation; and serumhalf-life. dycan
sialylation may be altered by enzymatic treatnent, enzymatic nodification
of the nol ecul e enetic. mani pul ati f the nolecule, lectin

chr omat ogr apft ?VﬁgﬁgﬁP?gwﬁﬁ?Bﬁﬁﬁﬁﬁvgﬁﬂ@; i on exchange chromat ogr aphy,

hydr ophobi ¢ 15 interacti on chromat ography, size-exclusion chromatography,
specific selection or genegy i i ell line used for
expression of the protein,q%wﬁ?gggxgﬁﬁgg$%$¥§$gﬁﬂged to produce the
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pr epar atd ontiefaphitghl y honogeneous batches of anti bodi es cont ai ni ng

maxi mal |y sialylated N-1inked oligosaccharides in the Fc domain. It further

relates to the purifiTheipresent dfveltidnbmpries a arttioddel @atralting thb @cbpkwies
anti bodies that_contain sialic acid.in —e ol osagchar'de wel | as

t he
ant i bodi es hatFCfoNtaiRe Pelgeuls: fomprsinealteingincreasind opredygingdram wild i ge. 25

More parti bep@)rthé’sialP'hﬁoﬁ BIBAG1idBactiRiriatas thePFcdedlbi 1dQAnLd] thBVid Rtleng t he
activity of glycosyltransferase (sialyltransferase) or sialidase enzynes in

host cel | s, mStecylp forapultiply incplized tahgeg PofRinsothe pHinity forone prmgiephetfs af f ect t he
| evel qfj si atd fod i JREER TR t hheexXppessed nonocl onal
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resul ting reeorbiagent ngreEyiencthabdn;pndsesam helfliftave appropriately optim zed
(1) Fc-nediated effector functions, (ii) Fcy receptor binding, (iii)
altered ADCC (iv) serGigeanalatyldtiohenayde elerpdinechzimatiosomivnt &ntymatiexpr essed Fc

modification of the molecule, genetic manipulation of the molecule, lectin
chromatography, affinity chromatography, ion exchange chromatography, hydrophobic
15  interaction chromatography, size-exclusion chromatography, specific selection or
genetic engineering of the cell line used for expression of the protein, culturing host
cells used to produce the Fc-containing protein in serum or in a mileu containing
enzymes capable of oligosaccharide modifications or inhibitors of such enzymes, and

exposing protein to a varied pH environment.

20 The invention also relates to the preparation of highly homogeneous
batches of antibodies containing maximally sialylated N-linked oligosaccharides in the
Fc domain. It further relates to the purification of batches of antibodies enriched for
antibodies that contain sialic acid in the Fc oligosaccharide as well as antibodies that do

not contain sialic acid in the Fc oligosaccharide.

25 More particularly, the invention relates to a method of manipulating the
activity of glycosyltransferase (sialyltransferase) or sialidase enzymes in host cells, or in

cell culture medium, or in vitro, in order to affect the level of sialylation of the resulting



5 cont ai ni ng pol ypeptide not optim zed for sialic acid content or (v)
avidity for target nolecules displayed in a natural or synthetic array.

BRI EF DESCRI PTI ON OF THE SEVERAL VIEWS OF THE DRAWNG Fig. | is a schematic
depiction of the |largest oligosaccharide structure found in human 1gG 10
Fig. 2 depicts the major oligosaccharide structures found in a reconbi nant

| gG produced in Chinese hanster ovary (CHO cells. Fig. 3 shows the results
of an HPLC anal ysis of Fe oligosaccharides. The N-linked oligosaccharides
were first released fromanti body by treating with PNGase F enzyne. The

rel eased ol }ee&ﬁaﬁﬁmreixgﬁ@sewog?dlﬁﬁgmgo ;a{pf&ptélgmiihihgﬁﬁﬁjn%r&aq the_| abel ed

15 ol i gosaccharides were purified by gel- tration chromatography. The
purified | abuslvdich wpthebersestibe iesidiingreqombinanily-gxmgesssd paptem,to hasgul ting in the
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amount s of unl abhel ed co exes, o] 1 and. TNF 20 taq t ells in the

P e ened of LB BN H oiepd Ps eGSR TG0 A TCERE oxed wi th
Ab6, a nousgorPRecdisglalkd Ma el drisgnthedt afNdp. (B) Direct binding neasured by
adding to the K562 cells varying anounts of Ab 1 conplexed with 125I-

| abel ed TNF. Figs. 5A-D are graphs of FcyRIlla binding studies with various
test Ab preparBRIEFBESCRIREIIN OF THRSEVERAINVIEWSOR THMDRAWING| | a mAb 3G8

at a fixed goncentration far. binding the NK-cell FcyRILIa: . Abl natural
ol yoosyl ot BT B shtatE aeitigncar A et OFeg e BRMe sEE TS 0 Bl ™ B+ Ap 1
l ectin columgs.fractions (C); and Ab2 lectin colum fractions (D). Figs.

6A-D are graphs showing results of in vitro ADCC assays performed using Ab 1
t hat diZfof er Fign2 dépadts the awjat obigeseeshtridekBudtarcgyfonind @l 4 rscanftananblgér expr ess TNF on

their cell érogllﬁiz%ﬁ%"&?in ngartﬂy[er VaPEéklﬁo?‘élFsptor cells that express FcyRs. (A)

Abl natural ycosylatron vari ant's Ab5 natural glycosylation variants,
Fig. 3 shows the results of an HPLC analysis of Fc oligosaccharides. The N-linked

oligosaccharides were first released from antibody by treating with PNGase F enzyme.
The released oligosaccharides were labeled with anthranilic acid and the labeled
15  oligosaccharides were purified by gel-filtration chromatography. The purified labeled

oligosaccharides were analyzed by HPLC, resulting in the chromatogram shown.

Figs. 4A and 4B are graphs showing the binding of different Ab1:TNF immune

complexes to human FcyRII on K562 cells by two different formats. (A) Competition

binding measured by adding varying amounts of unlabeled complexes of Abl and TNF
20  to the cells in the presence of a fixed amount of *’I-labeled human IgG1 Ab5

complexed with Ab6, a mouse monoclonal Ab specific for Ab5. (B) Direct binding

measured by adding to the K562 cells varying amounts of Ab1 complexed with 2°I-
labeled TNF.

Figs. SA-D are graphs of FcyRIIla binding studies with various test Ab preparations
25  used to compete radiolabeled anti-FcyRIlla mAb 3G8 at a fixed concentration for
binding the NK-cell FcyRIIIa: Abl natural glycosylation variants (A); AbS natural



(C) Conparison of three sublots of Ab 1 that differ in sialic acid content
followng WGA lectin affinity-based fractionation, and enzymatically

degl ycosyl ated (Gno) Abl, (D) Conparison of an untreated Abl sanple and a
fully sialylated Abl &S2 sanple, or 10 Ab7 isotype-natched negative control
Ab. Sanples were analyzed in triplicate (error bars represent s.d.) and the
results shown are representative of three independent experinments for each
pair of variants. The difference in activity between these test sanples was
significant (P < 0.0001 for graphs A, C, and D, P = 0.0016 for graph B) as
determ ned by extra sum of squares F-test. 15 Figs. 7A and B are graphs

showi ng t heglwesp&iontvalatdiB)dAbigleain coRiinChttibiGG @Nindsdylectmashings t 0 human
FcyRl (CD64) receptor on U-937 cells (A Abl & (fully galactosylated and
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protein (Fgh s%i&maﬁﬁﬁs,p@p@bgﬁhhm 1yeb@lldtofl@shnts32S2) or unnodified. Fig. 9

is a graph showi ng_the relationshi etween tine after adm nistration and
serum 25 dé&nEemparionehtheke sulets pEApbihat differan sialiq agid gonégmpfollowingd, Ab2 @S2,

or fully asy s A olVAE gr@ﬁ%,&- i 1 Fig.
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are graphs show ng the effect of sialic acid in Ab preparations on affinity
determined by extra sum of squares F-test.

15  Figs. 7A and B are graphs showing the competitive binding of various IgG antibody
samples to human FcyRI (CD64) receptor on U-937 cells (A) Abl G2 (fully
galactosylated and unsialylated) and Abl G2S2(hi) (fully galactosylated and fully
sialylated) differ only by the absence and presence of sialic acid, (B) two different lots
of Ab3 differ in the amount of charged oligosaccharide species (sialic acid-containing

20  species), being either 2% or 42% of the total oligosaccharide.

Fig. 8 is a graph showing the relationship between time after administration and serum
concentration of the Fc-portion of a fusion protein (FcP1) which had been fully
sialylated (G2S2) or unmodified.

Fig. 9 is a graph showing the relationship between time after administration and serum

25 concentration of the Fc-portion of a fully sialylated, Ab2 G2S2, or fully asialylated,
Ab2 G2, by enzymatic methods as described.

Fig. 10A-Dare graphs showing the effect of sialic acid in Ab preparations on affinity for
target ligand on the cell surface by competitive binding with radiolabeled Ab: (A) Abl



for target ligand coated on EIA plates: (A) Ab 1 natural variants binding to
TNF, (B) Ab2 binding to an anti-ld antibody. Fig. 12A-C are graphs show ng
the effect of sialic acid in Ab preparations on affinity 10 for target

| i gand presented as radi ol abel ed sol uble antigen to surface bound Ab: (A

Abl natural variants, (B) Abl 1 lectin-colum fraction variants, and (C) Ab2
| ectin- columm fraction variants. Parallel incubations with radi ol abel ed Ag
and 100-fol d excess unl abeled Ag were done to determ ne nonspecific

bi ndi ng. Sanples were tested in triplicates. 15 DETAI LED DESCRI PTI ON OF THE
| NVENTI ON  Abbrevi ations al, 3GI, a-1, 3-gal actosyl transferase; a2, 3ST,

a-2, 3-si al ?UEI abs Ry A > fgﬁ-gﬁ 2 ADCC,
ant i body- dé%)&elﬁden ag%gﬁ%?ﬁf’%r c;‘/{1 oain(?)g(tlg”c(lé? ébgﬁk%%%nga ?[g)zln ypga%ﬁl ture
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"-di carboxyl| at e; ru | bum n;
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Modi fied Ea ' nedia; E T, effector ce to target ce rati o: FBS, feta
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i oni zat i on fritsetWgatd dddfel oHBEIA pRRECIA) ABBhiEdial vAViANs bindeRbaned (i acid,
hypoxant hi ne, xanthine.; NANA N-acetylneuramnic acid 8 isoner of sialic
aci d:  NGNAAbRIDEIdAEGP g1 ptirkdbawihedy- aci d i soner of sialic acid; PBMG
peri pheral bl ood nononuclear cells; PBMC, perjipherall blood nononucl ear
cel | ; PBS, FigHdArh ateerprinfsbowiag sl qifeet: of ppatig said in Abensenagpdiong) Py @bty ase F;
RP- HPL r : L.gh= r I.i QL phwy:; , room
Femper & ur & e B A (Mt ose:
UDP- G1c NAc Abiirriattiral evadiph o$)) Hettlel Iectinaepdung fiaciivosanants . anBe(C) Mu2i loeign-

column fraction variants. Parallel incubations with radiolabeled Ag and 100-fold excess

unlabeled Ag were done to determine nonspecific binding. Samples were tested in

triplicates.

15 DETAILED DESCRIPTION OF THE INVENTION

Abbreviations
al,3GT, o-1,3-galactosyltransferase; «2,38T, «-2,3-sialyltransferase;
B1,4GT, B-1,4-galactosyltransferase; ADCC, antibody-dependent cellular cytotoxicity;
ATCC, American Type Culture Collection; BATDA, bis(acetoxymethyl) 2,2°:6’,2"—
20  terpyridine-y,y”-dicarboxylate; BSA, bovine serum albumin; CD medium, chemically-
defined culture medium; CDC, complement-directed cytotoxicity; CMP-Sia, cytidine
monophosphate N-acetylneuraminic acid, DMEM, Dulbecco’s Modified Eagle’s
media; E:T, effector cell to target cell ratio: FBS, fetal bovine serum; ESI-MS,
electrospray ionization mass spectrometry. NK cells, natural killer cells; IgG,
25  immunoglobulin G; IMDM, Iscove’s Modified Dulbecco’s medium; MALDI-TOF-
MS, matrix-assisted laser/desorption ionization time-of-flight mass spectrometry;

MHX, mycophenolic acid, hypoxanthine, xanthine.; NANA, N-acetylneuraminic acid



The term"affinity" as used herein is intended to be a neasure of the

bi ndi ng constant of a sinple nonovalent |ligand for its cognate binding
partner, for 10 exanple, the binding of a Fab' for an antigen or epitope.
Affinity can be nmeasured in several ways including but measuring on- and
off-rates (ko" and kortrespectively) by e.g. plasnon resonance (Bi aCore)
and expressed as an overall association (K25) or dissociation constant (KD)
where Kss is ko" / koa and KD is ka kk,,. KD may al so be neasured
enpirically by, e.g. neasuring the concentration at which binding of the 15
ligand to a binding partner is half-saturated. Another met hod of measuring

KD is by conpetjtion assay, . .in which one, binder or nd i s | ed or

t agged and‘%’&eﬂoéﬁlahé ac@oﬁi&&ﬁIN cggﬁelé(ﬂ‘ﬁ‘r“é{”?”é‘ha ]iS‘PIEertq{é %é‘fld’bpé or ligand
i s added ateNgHeld BBo& RIBESHIIeA! deN8S PBMT, EHHREAR b YndnbRudicabediebEy)bst ance
fromits cognate binding partner and det ermini.ng the concentration at which

| abel is diP ﬁﬁh@h@@ff?s?d paing; ENGapp &', petide Nelycesidase FasREJEE-Ghapersedi s

i ntended t fi; okTa e und to a
bi ndi ng pa tner nso géﬁgglﬁggﬁd¥ﬁgﬁﬁ?§%ﬁa %ﬁdmk?ﬁg gn%gq%%p?ﬁgr may be
mul ti vab entecidnd/RMEal, eridien diphdsphatengkladteder WHABGEN 1O, @ndlaﬂdlphehpbstetﬂ- ation
events can oqﬁ TN g&taneously for a specific ligand. Thus, avidity can be
gauged by an ACTEALE i n apparent affinity of nultivalent conformations of a
bi nding 25 partner with a known affinity. The term "Fc-containing protein”
or "Fc-contikhidegs ! ecul e” as used herein refers to a nononeric, dineric
or heterodlnerlc protein having a ligand binding 9 domain and at | east an
i mmunogl obul in CH2 arke t&AB-@@iTB’ Bs usth Berkirlds @RedddHB be d avasnsofaasn f or m at

| east a part of the diperic region of the protein/nolecule (e.g

anti body) . PRfEecensiant ght malwnoqogalrrﬁthéﬁaiefar lfScfog%%Wﬁ%@% P%}?Ref’ﬁ?fdl es,

di gest{®n eRarhpleGRERhdin §ﬁ3ael‘%ibf 2 bn Rigeh BNitaRd XBHrit3RhS bd MR in | ncl udi ng,
without limtation, % m metics or conprising portions of antibodies
that mi mi c seveeal wyamludlég bwammmg@ncmdcﬂﬁf-@fes 8 2dthoisERECBYEIY R EIS | ed
fragrrent O la@ﬁ’idﬁ %eg&la.hl s ore)%ﬂ efp‘?és@édrhs'ezxﬁo{r’%ﬂl ﬁgcﬁgatloflkﬁ@a(; Ions i ncl uding

but not c-receptors
d1ssoc1at10n constant (KD) where Kass is kon / Kottt and Kp is Kogy kon.  Kp may also be

D

measured empirically by, e.g. measuring the concentration at which binding of the

15  ligand to a binding partner is half-saturated. Another method of measuring Kp is by
competition assay, in which one binder or ligand is labeled or tagged and held at a
constant concentration while the test binder or ligand is added at varying concentrations
to compete away the labeled substance from its cognate binding partner and

determining the concentration at which label is diminished by half.

20 The term “avidity” as used herein is intended to be a measure of the
tendency of a ligand to remain bound to a binding partner insofar as both the ligand and
the binding partner may be multivalent and the tendency for multiple association and
dissociation events can occur simultaneously for a specific ligand. Thus, avidity can be
gauged by an increase in apparent affinity of multivalent conformations of a binding

25  partner with a known affinity.

The term “Fc-containing protein” or “Fc-containing molecule” as used

herein refers to a monomeric, dimeric or heterodimeric protein having a ligand binding



FcyRI I A (CD32A), FcyRII1 A (CD16A) and FcRn), binding conplenent (e.g. Cq),
10 ADCC and CDC. The term "nonocl onal anti body" as used herein is a specific
formof Fc- containing fusion protein in which the |igand bindi ng domain
retains substantial honology to at |east one of a heavy or light chain

anti body vari able domain of at |east one species of animal antibody. 15 The
term"sialic acid" refers to any nenber of a fam |y of nine-carbon

car boxyl at ed sugars. The nobst conmmon nenber of the sialic acid famly is
N-acetyl neuram nic acid (2-keto-5-acetam do- 3, 5-di deoxy-D-gl ycero-D

gal actononul opyranos- 1-onic | acid (often abbreviated as Neu5Ac, NeuAc, or

NANA) . fLam I y aci d (NGNA,
Neu5Gc or %ﬁﬁﬁdﬁeﬁ?ﬁﬁ%ﬂﬁ uﬁbglqgﬁgﬁoblgggtﬁdp}@rdéﬁﬁ& lIIh ﬂgtl},%%ﬁzllg—ﬁydroxyl at ed.
Thi s f or m dangirseamFemtat leastglpy oHihe tizians régwnmf thequeuatl/rmfidcuhq mabi al sources.

A third si gl 1:bgd F)xm d famly menber is 2-keto-3-deoxy- nonul osonic acid (KDN)
(Nadano et (1986) J. Biol. Chem 261: 11550-11557; Kananori et al., J.

Biol. Chem 265: 21811-2181 9,90 i ubstituted sialc
aci ds such as a 9- O%Jé“eﬁ% 5'%9’% é‘}f@d‘ﬁtﬁgn‘?n@afs a&’flﬁ’ﬁ({l?ﬁe‘%gﬁ °Yr 9 25

0- acet gl - Nearbfsaits, Q)edﬁ@d(yoraorfSIaﬁ@K/ﬁtahlﬁlﬂl’ﬁa?&fﬁﬂducﬂngzmmﬁutgrrﬂaﬂxm Neu5Ac. For
review of t‘ge static acid famly ez (—;hg Var ki, écobl oI%gy 2: 25- 40
(1992); Si 4tpedypimppLics OTG‘IB“I?%PWW%P Bufbodiss bAtIER teisBHctug andigh a yer |
(Springer Mﬁéﬂoag;faﬁ\l@mabwy&s éclfs?e%@a)gme&(br Sioh tRtdoBAnd tet MRS HREMRACT ed y
found that the |evel Si aIp | at i on e Fc oli gosaccharl des alters the

affinity oﬁmt@@emlmﬂmwwrlmedé@ bmdmgam@w#ceptawt@ HIWYRE(GHY) Fey

receptors, I f th i ol ogi cal
actions of sal(?ﬂé I"6s. (%I%rg‘é) g“&eﬁ& %}’% ?"Bﬁf‘eﬁ“’g&é. s@%)(@er ed t hat

hi ghl yosi aADtmaﬁdONIs have significantly reduced affinity for the
low-affinity receptors, FcyRI1TA (CD32A) and FcyRIIIA (CDI 6A), and have
significantly reduc@&tle aghi“dohycldnal dntibvdyt’aeusdDEeiemss ayecific fornhofe- FCYRI 1A i's

believed to be .the rel evan ecept I s, further discoyvered that
conta?mng Exsmn proteam }n Wthh 1% ? gand bEndvl\ﬁag domalrn retalrns substangaq

homology to at least one of a heavy or light chain antibody variable domain of at least

one species of animal antibody.

15 The term "sialic acid" refers to any member of a family of nine-carbon
carboxylated sugars. The most common member of the sialic acid family is N-acetyl
neuraminic acid (2-keto-5-acetamido-3,5-dideoxy-D-glycero-D- galactononulopyranos-
l-onic I acid (often abbreviated as NeuSAc, NeuAc, or NANA). A second member of
the family is N-glycolyl-neuraminic acid (NGNA, Neu5Gc or NeuGc), in which the N-

20  acetyl group of NeuAc is hydroxylated. This form is prevalent in glycoproteins from
rodent and microbial sources. A third sialic acid family member is 2-keto-3-deoxy-
nonulosonic acid (KDN) (Nadano et al. (1986) J. Biol. Chem. 261: 11550-11557,
Kanamori et al., J. Biol. Chem. 265: 21811-21819 (1990)). Also included are 9-
substituted sialc acids such as a 9-O-C -C6 acyl NeuSAc like 9-O-lactyl-Neu5Ac or 9-

25  O-acetyl-NeuSAc, 9-deoxy-9-fluoro-Neu5Ac and 9 azido-9-deoxy-NeuSAc. For review
of the static acid family, see, e.g., Varki, Glycobiology 2: 25-40 (1992); Sialic Acids:
Chemistry, Metabolism and Function, R. Schauer, Ed. (Springer Verlag, New York
(1992)).
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highly sialylated Abs have increased affinity for the high-affinity Fey
receptor, FcyRl 10 (CD64), and that fully sialylated Fc-containing proteins
have reduced serumhalf-life as conpared to asialylated or partially
sialylated Fe-containing proteins. It was further discovered that the
removal (or the absence or reduced |levels) of sialic acid fromthe Fc

ol i gosacchari des enhances the avidity of reconbinantly-produced therapeutic
anti bodies for their target nolecule. Wile not 15 wishing to be bound to
any one theory, the renoval of the charged static group fromthe

ol i gosaccharide can be interpreted as allowng nore flexibility in the

overal | anﬁe?c?ﬁ%io structure, which flexibility inparts an enl arged sphere of
potential inte 3Qtion for the two bindi ng domains in relationship of one to
the other. The capaqtys @fexpotedly thhdMhd the 18V SH SiM1htontd? thed antigen epi t opes
w || al so depend on epitope accéssibility, orientation, 20 density, and

nobi lity. pklg@mharuieroét%tgéaffmﬁa@f reprantinenilyreredpsaddharepeatiq awibodies 167 al yl at i on
may also b . i i . ri: urface

ant i gens,  SoHELGURL b ot REmd M ich REAPLE Rkl B ndbioREhSElls 0T 20

f1 exi bid i t yaid amibdéiee rMibreapéoifioatintit wadiseoierddiblathighiyadialtlateddbe bialees bi nd
bivalently within a sol uble i ne conpl ex, where not gnly m ght sone of
the Abs. by PGy FHBRCCHEBHET He P bEmS RS otIaRES (GREr Sk nay “be- bound
by nore th ; el i Y i -

control li ng&{lﬁgﬁéré?ééeg??%cgﬁa%g% Eglri}k%\él-?(?%dr\ll? %.al a%?f\%rﬁrgfzggl e (?(Q%f)zsg}éi ng the
si al yl at i owhah FefRaIIRdS belahvedodacichaevalescana. Iitvwe falties dBcovemddlmnt ai ni ng

nol ecul es.  Sialic¢ aci as a net negative. c at 11 physigl ggi cal pH and,
Thus. the piebBonbaft o Bive Botered N nCBRb ot sFbhgaf Rl s gt be
expected t Ccoéd)ednd ke Al ReAtNRNSInRNRhg Sibiels hivSedRted henadagarf KT mat i on of
the CH2 domain and thereby affect Fc bi ndlé(grgqto various |igands or

recept or s. ComRareddp peplgatedor patiplhy valHatedBe-enRiwng progitss the affinity for one
or nore of the FcyRI, 5 FCKRI | A, and FcyRII1 A receptors, ADCC activity,
nmacr ophage or nonocyf wasisthey sisceyered tha thegerneival (P4 e_abpenee opsdycsthrent  of

St al vl at ed dokyey sl Fia SOAUAL Rl BoBLabAHAE.ARPEARR LA O Prepare subl ots

of a particular Fc-containing pr
recombinantly-produced therapeutic antibodies for their target molecule. While not

15  wishing to be bound to any one theory, the removal of the charged static group from the
oligosaccharide can be interpreted as allowing more flexibility in the overall antibody
structure, which flexibility imparts an enlarged sphere of potential interaction for the
two binding domains in relationship of one to the other. The capacity of an Ab to bind
bivalently to two antigen epitopes will also depend on epitope accessibility, orientation,

20  density, and mobility. It should be noted that the antigen binding effect of sialylation
may also be relevant to Abs that recognize viral or bacterial surface antigens, and even
soluble antigens that are homopolymers, since Ab flexibility can determine to what
extent individual Ab molecules bind bivalently within a soluble immune complex,
where not only might some of the Abs bind more than one antigen but some of the

25 antigens may be bound by more than one Ab.

The present invention comprises a method for controlling the properties
of an Fc-containing molecule by altering the sialylation of the Fc’s oligosaccharides and

the altered Fc-containing molecules. Sialic acid has a net negative charge at

11



that differ in sialic acid content is to take an Fc-containing protein
preparation with 10 het erogeneous Fc oligosaccharides, including both
sialylated and asialyl ated nol ecul es, and pass it over a columnm contai ni ng
an imobilized lectin that has differential affinity for sialylated and
asi al yl ated ol i gosacchari des. The nonbinding flowthrough (T, through) or
the col umm unbound fraction can be separated fromthe bound fraction (B,
bound), the latter collected while passing elution buffer through the
colum. It may 15 al so be possible to separately collect a weakly bound
fraction or the colum retarded fraction (R retarded), for exanple, by

col l ecting_jEc-cont ainin ratein Ut es.  dupj i washi ng of
t he col unnpl\llzﬁs}olflo%ﬁ%gp}g f ‘R‘g iﬂﬁlg’l%% rﬁ%%‘%acgﬁﬂlgéc%Betgeegéd?%ﬁlﬁg%tm%gf ectin used,
t he nonbi noightbé expettedto atrayththvee-dmbnisiphelrstroctuleane herse adnfomartionl of ont ent  t han

the fractign at binds., 2 s of lectins that may enrich for

si al yl at edg’&&%s#ogfaﬂ %{’?é‘&ﬂ%é%?%ﬁ@mﬁ‘%& ﬁ?rﬁ’tuéﬁﬁaélgﬁ?rer_ef%’éorf’e %n from
Maacki a anuifeedsicScontiMing mylétdafReehd dffdity tr o R eordbfitBOB@REhar i des with
termnal sialic acid, and the lectin wheat germagglutinin (WGA), which

speci fiScal FeyRBiAndrd BeyRYDA meseptonsi ABECurtivityemadrephageenthongcytsiagiivaoraci d or
termnal N t | ucgsam ne (GLcNAc). Another exanple is the lectin Ricin |
(RCA), 25 3\1}%1::5% 1%lrllfe(‘jll(sﬂ%‘oI i gosaccharides with term nal gal actose. In the

| atter exanple, the non- binding flowthrough fraction may be enriched for

si al y1 at edghte k0 e Qo RSN Gvc.cohfufilg BPRpS Mo cati on of

Fc-contai ning proterns ernative appr or preparing sublots of an

Fc- cont ai ni ng pr ot eiGhe appdhchdbd pieBire kiblstb @fﬁ&r@&ia@F@-@&ﬁt@imnlgip&téiﬁ treat a
portion of an Fc-containing protein preparation with sialidase enzyne,

thereby ref\{iFe Bpiglis ecideqnérnt isthiaks arskin-¢anténine pretel Rrerardienetheri al * can be
conparngd t RettBgen@bisGicibosahRhdided! hotudih@both G HABhE bdiAllafe@molélifel er ences in
bi ol ogi cal activity. The higher the sialic acid content in_the original Fc-
cont ai ni ngaskressel pver geoluppeoypisingen immebibizeddeciindat besrddereripl allipityi £ f er ences
|0 D} 0l 001 filsial uedd abl ol oBYARIBriack. TRMMobh By Awtiftuff (0] | 9OSacchari des
in the original” protein “preparation contained sidlic acid, It may be
di fficult thoougb}@che Qﬁlﬁmlem@oum_hfrimiotbtamlh@gbnamtedli@raﬁteibw?m@/fraﬂiba_ﬂ?’,si al i dase
treatment, , WhaN od 1hed AueiE wihit IR3AG ShAL S8R: HANLRE Sk G A% 9
15  also be possible to separately collect a weakly bound fraction or the column retarded

fraction (R, retarded), for example, by collecting Fc-containing protein that elutes

during continued washing of the column with the original sample buffer. Depending on

the lectin used, the nonbinding fraction may have a higher or lower sialic acid content

than the fraction that binds.

20 Examples of lectins that may enrich for sialylated or asialylated Fec-
containing proteins are the lectin from Maackia amurensis (MAA), which specifically
binds oligosaccharides with terminal sialic acid, and the lectin wheat germ agglutinin
(WGA), which specifically binds oligosaccharides with either terminal sialic acid or
terminal N-acetylglucosamine (GlcNAc). Another example is the lectin Ricin I (RCA),

25  which binds oligosaccharides with terminal galactose. In the latter example, the non-

binding flow-through fraction may be enriched for sialylated Fc-containing molecules.

12



Comparing the biological activity of an Fc-containing protein before and
after sialidase treatnment will be nore difficult if sialidase treatnent
results in a different distribution of fucosylated and afucosyl at ed

ol i gosacchari des, since fucose |levels has a profound effect on certain

bi ol ogi cal activities, such as affinity for human FcyRI I A and ADCC

activity. 15 For exanple, if a reduction of the sialic acid content from 30%
of the oligosaccharides to 0%results in the proportion of afucosylated

ol i gosaccharides increasing from5%to 15% then it will not be possible to
attribute differences in ADCC activity solely to the decrease in sialic

aci d cont eptymapiModficRidSAF %néhﬂﬁ%ﬁ&?&n reatment on the relative
proportion of fucosyl at eél é af ucos ted ol igosaccharides is possible (and
has been 20 obser ved)alfeantussppafack fa;epﬁpirfn@rsetnctedf i Fheonsdidihyprateiron of

fucosyl at d afu at ed oI| osacchar | rior. to the treatment with
si al i dase bg& HBV?‘@ %‘% pontent jsdo [red p gorsion O}ﬁeﬁzsfr‘}éfl@{q“&ﬁp%ﬁeubl i gosacchari des

present i prepdigtionGrittegdlRscCAbyrid, #RrdB§ raddVirpwedic Wit Orietesalting0 gl ycosyl ati on
met hods. Ing such nethods, it is possible to attain maxinally-sialylated

gl ycofor nesidylatsd matsoahcas aﬁﬁqﬂégaredsaéh@apn@ﬁlahpw@l&ya%ﬁlxlated mtegpkiobyery,
maxi mal | Ydﬁ'el%h&’és% ﬁqlo%lcxpmﬁwmrh@fmgg&t:%x@flgkicea%ld%ronfamﬁ&heF&lgﬁfanF@' ni ng

constructs w Il have reduced 'serum fe as conpared to asialylated or
under - si enn}qnanenrom fob dlefi gsatermanqewédmménmlffcmeces miplogiedl provi des an
opti onal I ycof or ns

conpri si ng&ig{rﬁ ii)ogcfi/{m% b?ﬁ%&@%"?ﬁ%@ﬁ%ﬁ% pro gﬁthy?:%)%n% :B?Ot ls1 contai ning an

i munogl opueparatideecontaiyied piakimatid, I'rtenayrbe\dlfﬁwlttbldewd:tldaflfﬁnéncasmémlsgmn‘l sai d

anti dles or. constructs. . d er ases al ly. functi.on to

oot mRE SRSy SER RS Panel SR SRR BTSRRI Sln MK bl t ent
ster goc he@bmp‘?nngnﬂla melggmlhemlqajf ab Fgemﬁhm% proilaftebetdera mﬁcﬂ efter 6faligdsy cosy|

resi dues results t es 0J.1 gO-

ol ysacohhre will Reimser EHG Pyl rederarasin pilgen iR otiescr | bed

i ncl udi ngfigbdardd dna AEIcEYyRSRBolfgbosHtilds Adnsde FiRsEISvel OiRdsagirefoiid dfrps er ases, N
acetyl gal act osam nyl transferases, N-acetyl gl ucosanunyl transferases and the

like. G y emesyiai biplagiesl agwdtisshushasatiniier imand oy e AsndSHRECiapiatt i on
incl ude, gdQ., gle%@%‘ah&mnaofﬁleastam L4RDsk&E BEES 005t A ARIV ST er ases,

a- galact osyltransferas
to 0% results in the proportion of afucosylated oligosaccharides increasing from 5% to

15%, then it will not be possible to attribute differences in ADCC activity solely to the

decrease in sialic acid content. Such an effect of sialidase treatment on the relative

proportion of fucosylated and afucosylated oligosaccharides is possible (and has been
20  observed) because of the difference in the sialylation of fucosylated and afucosylated

oligosaccharides prior to the treatment with sialidase to remove sialic acid residues.

Sialylation of oligosaccharides present in the Fc region can also be
achieved using in vitro glycosylation methods. Using such methods, it is possible to
attain maximally-sialylated glycoforms of antibody samples. Based on applicants’

25  discovery, maximally-sialylated glycoforms of antibodies or other Fc-containing
constructs will have reduced serum half-life as compared to asialylated or under-
sialylated antibodies. Thus, the method of the invention provides an optional means for

controlling both the homogeneity of the glycoforms comprising antibody or other
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fucosyl - transferases, a-mannosyltransferases, a-xylosyltransferases, a-N
acetyl hexosam nyl t ransf erases, (3-si al yl transferases,

3-gl ucosyl transferases, (3- gal actosyl transferases, (3-fucosyltransferases,
(3-mannosyl transferases, (3- xylosyltransferases, and
(3-N-acetyl hexosam nyl transferases, such as those from 15 Nei sseria

meni ngitidis, or other bacterial sources, and those fromrat, nouse, rabbit,
cow, pig, human and insect and viral sources. Preferably, the

gl ycosyltransferase is a truncation variant glycosyltransferase enzyne in
whi ch t he menbrane-bi ndi ng domain has been del eted. Exenpl ary

gal actosyltransferases include a(1,3) galactosyltransferase 20 (E. C No.
2.4.1.151, r@@@bln@mgrotelmmwwn@um@g an inruang phuintFcpegien ampiBhe@vivo( 1993) and

Yamanot o etf“é‘?!fnfi_\j%%&so§%§rg@?%d%§gr ?t?&)s) and a(1,4) gal actosyltransferase

(E.C. No. cosy transferases can be used, such as a

Stalyl transferase. A gl a ol Ayl REANSASERRC oflae § gaggcﬁq@lggfoas the

si al yl transferase, use pro I“on o se or
hi gher or d&heysirpdict speeidic pil'ddlusts wnthymlléhﬁ stereachahea:aﬂ; argd xaguocheamad (NeuAc) from

CWVP- si h th k bet

the tve’ saBRmPuaRe Tl PER TS BEEBLR ARE s R ARt ™ & bet veen
the 2- posbligeonr pilyshieshdideartmirhter 3f glocislraisfavdse Gales ha% be@xdzsgribad y
a(2,3)5|al§£ ransf rase. referred to as aé;ﬁﬁﬁmﬁlal tragfferase (EC

2.4.99.6) Pudmgsapliaosierasss; fuooryltpniierages ?Sﬁig -erminal Gal of a
Gall31- _* 3Gdetylghlarahiallidfsi@hses -X&%&gld&saxﬁﬁﬂtrax\é?&aéé%hcﬁhb geen et al ., J.
Biol. Chem, 256:3159 (1981), Wélnsteln et al., J. Biol. Chem, 257: 13845

(1982) and Ven et alGlycbsylBhmerased @ hich a@@&f@llf?ﬂlkp@és@rﬂgﬂvemmﬁﬂﬁ&lh@é exenpl ary

a-2, 3- S|alyltransferase (BC 2.4.99.4) transfers sialic acid to the 5 non-
reducﬂrﬂg t & gxatRple, @afialYiransfpsasgs ga&%mqwlﬁr%femse@ﬁ;gelagqowétrans@éasesmar| ck et al.

Bi ol . ?a’ég%-’ troftArastd At odarhibé Mas@ Il @raﬁstfergées &aﬁ Biol. Chem,

267 21004 Furt her exe ry enz I ncl ude (3-1, 4- G&cNAc
a-2,6 sial y¢et>rllaqx9$aemaétean§isei@es ﬁ(ﬂmb/étem@feraeqs lérglucmhransfera&Sdi:hem 219: 375-381

(1994)). SJ os?itﬂﬁ&?r%ée& fiZ N fyft:%ﬁ&éra?e@ré]lnﬁx'ﬂlo 1ré{ns ?a?sfes“ gf' n preparing 10

ol i gosacchar e i'nvention are t traﬁ erases i ncl udi ng
a(1, 2) xylosyltransferases and -N- acetylhexosammyltransferases, such as those from

15 Neisseria meningitidis, or other bacterial sources, and those from rat, mouse, rabbit,
cow, pig, human and insect and viral sources. Preferably, the glycosyltransferase is a
truncation variant glycosyltransferase enzyme in which the membrane-binding domain

has been deleted.

Exemplary galactosyltransferases include a(1,3) galactosyltransferase
20  (E.C.No.2.4.1.151, see, e.g., Dabkowski et al., Transplant Proc. 25:2921 (1993) and
Yamamoto et al. Nature 345:229-233 (1990)) and a(1,4) galactosyltransferase (E.C. No.
2.4.1.38). Other glycosyltransferases can be used, such as a sialyltransferase.

An a(2,3)sialyltransferase, often referred to as the sialyltransferase, can
be used in the production of sialyl lactose or higher order structures. This enzyme
25 | transfers sialic acid (NeuAc) from CMP-sialic acid to a Gal residue with the formation
of an a-linkage between the two saccharides. Bonding (linkage) between the
saccharides is between the 2- position of NeuAc and the 3-position of Gal. An
exemplary o(2,3)sialyltransferase referred to as a (2,3)sialyltransferase (EC 2.4.99.6)
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mannosyl transferase, a(1,3) mannosyltransferase, (3(1,4)

mannosyl transferase, Dol -P- Man synthase, OChl, and Pntl. Still other

gl ucosyl transferases include N- acetyl gal act osam nyl transferases incl uding
a(1,3) Nacetylgal actosam nyltransferase, 15 (3(1,4) N

acetyl gal act osam nyl transferases (Nagata et al. J. Biol. Chem 267:12082
12089 (1992) and Smith et al. J. Biol Chem 269:15162 (1994)) and

pol ypeptide N acetyl gal act osam nyltransferase (Homa et al. J. Biol Chem
268: 12609 (1993)). Suitable N-acetylglucosam nyltransferases include GiTl
(2.4 1.101, Hull et aI , BBRC 176:608 (1991)), G1Tll, and GTlII (lhara et

al. J. B Qlaﬁr_fgré él)af‘ l%% r}ogngg’e)d%;r%n qg;@ﬁn%l%al(l SP V\;i}? R——&IQ% ?’cicﬁha ide g’r‘ ol . Cnem

268: 15381 0se e I'men 'S to be
practi ced ghyvoside. cSﬁmEamdealEgsd@Jeeal iJt BiohiChixa. awamqgmimswemsten’rm)bl lize the

oL yCosy! TR, e G e S T 3 SRR LR S5 e

enzym%‘ I mlmf:k e lpl @9 0. 0f3- GlalyBRaVbratd @CK £OBSAsandforsGalic Bad acwenpl i shed, for
exanple, by renoving fromthe transferase its nmenbrane- bindjing domain, and

at t achf ng ToR- jeflucing tmnaé%?f thy Gaaschsride Prgy@side oo Rsqaclst abih Bloli n the art
Wi || undergieandshaais QNS andBhRGESEQL ., Jmmtwﬂeh;%vqmomogb@)atrmepe used and

are described in the available literature Because t he accept or
subst rat esexeraﬂa@@émsamql@det?@l Bryt- b aeevsial deanstrase (Segolswesdvar i de havi ng

a term nalg §laﬁﬁh?rﬂl&%eﬁl. odbHs qur%im?)ch the particular glycosyl transferase

exhibits specificity, substrate e substituted at the position of its
non-reduci ng end. T, I Td@ A4 L nonosaccharide, an 5
ol i gosacchari de, prﬁﬁ’{)%le%g Q[Lﬁé 69%% sgc %ugr g b %Qm% sacchari de
deri vaoi v&ligsaacdhaa®saﬁthemmtmgpl ycibs ndencamﬂtmﬂmfmses;nch;dggmgl ,2oside, or a
gl ycoprotein includi ng aptibodi es ang ot her . Fc-co eins. In one
roup or . prapen et A rREn @R, & i aiaih e, B
ol i gosacchdir gathager ©Cat,abl PmtiGal p(1- 3) A cNAc, Gal p(1-4)d cNAc, @Gl p(l-
3) GalNAc, Gal p(1-4) GalNAc, Man a(1, 3) Man, Man a(1, 6) Man, or 10
GalNAcp( 1- 4) - mannosstill étherglpasyltrisferkesin@idMN-ed embodi ment, the
oli gosaccha%ertlyl%alactosammyltransferases including o(1,3) N-acetylgalactosaminyltransferase,
15  B(1,4) N- acetylgalactosaminyltransferases (Nagata et al. J. Biol. Chem. 267:12082-
12089 (1992) and Smith et al. J. Biol Chem. 269:15162 (1994)) and polypeptide N~
acetylgalactosaminyltransferase (Homa et al. J. Biol Chem. 268:12609 (1993)).
Suitable N-acetylglucosaminyltransferases include GnTI (2.4.1.101, Hull et al., BBRC
176:608 (1991)), GnTIl, and GnTII (Thara et al. J. Biolchem. 113:692 (1993)), GnTV

20  (Shoreiban et al. J. Biol. Chem. 268: 15381 (1993)).

For those embodiments in which the method is to be practiced on a
commercial scale, it can be advantageous to immobilize the glycosyl transferase on a
support. This immobilization facilitates the removal of the enzyme from the batch of
product and subsequent reuse of the enzyme. Immobilization of glycosyl transferases
25  can be accomplished, for example, by removing from the transferase its membrane-
binding domain, and attaching in its place a cellulose-binding domain. One of skill in
the art will understand that other methods of immobilization could also be used and are

described in the available literature.
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acceptor is attached to CH2 domain of an Fc-containing protein. The use of
activated sugar substrate, i.e. sugar-nucl eosi de phosphate, can be
circunvented by either using a regenerating reaction concurrently with the
gl ycotransferase reaction (also known as a recycling systen). For exanple,
as taught 15 in, e.g., US Pat. 6,030,815, a CW-sialic acid recycling
systemutilizes CVMP-sialic acid synthetase to replenish CW-sialic acid
(CMP-NeuAc) as it reacts with a sialyltransferase acceptor in the presence
of a a(2,3)sialyltransferase to formthe sialyl- saccharide. The CWP-sialic
acid regenerating systemuseful in the invention conprises cytidine

nonophosphat e ( CVP)gecgudaided a%@e%'td?%uﬁsfrht@é"&ﬁ BE&%ﬁt?all@be nEXRARLEnAYRNOSI ne 20
tri phosphat e (ATP% a_phosphate donor (for exanple, phosphoenol pyruvate or

acetyl — plpskEsace andahkvlﬁe%@n@mélrsa@mﬁmresldquferuv}atslethﬁrpﬁtézs@laror acet at e
ki nase) c Bg?éa/gums erdsh R0EE HLAGRNQBRRA Ba K%OSD PhagPhRBndenor to

nucl eosi de€ osphates an nucl eosi de ate Kl nase (for exanple,
myoki nasets @alpeﬁldh@'nmndt rGans ftler glyoasjde sreeptoranayi eal mpivesqoharide, fr om a nucl eosi de

tri phgfph%lh stacch uore&gn?t gt}eﬁad%a%b a?nc%srf esgu%fx/%lc? deﬁ ng%ch gs'a%' ic acid

synt het ase Qnal Vi ewe sial ¢ acrd regenerating
system as anmugmbmdn‘annbletl@,(atgangiomde o aglycopaeteid mrﬂzmdrmaﬂnbodma antlai n t he

forward rate of s nthe5| e synt hesi s .an e.of sialic acjd conpounds in
LT SRyl B ARG ot S ed st e o o 11 ed
CWP-si al i @ccleﬁtoaelad oﬁg@tama@c&epxe&zabm GaB(d3)sndrass Galprl 4ytleNAat | onal

application WO 92/ ubl i shed Cctober 1, 1992. An alternative nethod
of prepar G bﬁ)aé&%i’eeﬁalﬁ{ld@@al@% Nes gghopre, Mae a(b#)Mangocosyl t r ansf er ase

and agj i V@aﬁ@Aﬂi(V G %no‘é‘@rlln HGr ﬁ%feﬂ@&‘ﬁﬁbq’%l‘:&ﬂé}ftsthé)& %o@éc'cﬁ‘a%d%he 5 need for

sugar nucl eotides as donor sugars as taught 5,952, 203. The
act i vat ed agiepooisyttadhed jo/GH2 d@salaefanal@ -@htawinggretsint 0 t he natural | y-occurring
substrates, which are expensive sugar-nucl eotides, usually nucl eotide

di phosphosugars or Theuse e&ctimemgwhbﬁ@phoisajg@asnmwoaidbphosph@e gerc| eot i de

glhgz gglatj: aéll’r%\%e{r&\ljgg (ﬁle}: HSIIgLa e CHC#&EII Opeaccz)c OH&OHCUH'G%?I‘ }N{/ﬂégleACt I vat ed

glycotransferase reactlon (also known as a recyclmg system). For example, as taught

15 in, e.g., U.S. Pat. 6,030,815, a CMP-sialic acid recycling system utilizes CMP-sialic
acid synthetase to replenish CMP-sialic acid (CMP-NeuAc) as it reacts with a
sialyltransferase acceptor in the presence of a o(2,3)sialyltransferase to form the sialyl-
saccharide. The CMP-sialic acid regenerating system useful in the invention comprises
cytidine monophosphate (CMP), a nucleoside triphosphate (for example adenosine

20  triphosphate (ATP), a phosphate donor (for example, phosphoenolpyruvate or acetyl
phosphate), a kinase (for example, pyruvate kinase or acetate kinase) capable of
transferring phosphate from the phosphate donor to nucleoside diphosphates and a
nucleoside monophosphate kinase (for example, myokinase) capable of transferring the
terminal phosphate from a nucleoside triphosphate to CMP. The o(2,3)sialyltransferase

25 and CMP- sialic acid synthetase can also be viewed as part of the CMP- sialic acid
regenerating system as removal of the activated sialic acid serves to maintain the
forward rate of synthesis. The synthesis and use of sialic acid compounds in a

sialylation procedure using a phagemid comprising a gene for a modified CMP-sialic
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| eavi ng group, such as, for exanple, fluoro, chloro, brono, tosylate ester,
nesyl ate ester, triflate ester and the |like. Preferred enbodi nents of
activated glycoside derivatives include glycosyl fluorides and gl ycosyl
mesyl ates, with glycosyl fluorides being particularly preferred. Anong the
gl ycosyl fluorides, a-galactosyl fluoride, a 15 mannosyl fl uoride,

a-glucosyl fluoride, a- fucosyl fluoride, a-xylosyl fluoride, a-sialyl
fluoride, alpha-Nacetylglucosam nyl fluoride, a-N acetyl gal actosam nyl
fluoride, J3- galactosyl fluoride, (3-mannosyl fluoride, O0-glucosyl

fluoride, 3z f i; X | ; i@l yl fluoride,
(3-N.acetyﬁSPE@%@%%?ﬁgﬁﬂ?f§§$¥§§dgﬁ%k§%¥kﬁfg%g%% ggygg?gggﬁ?nyl fluoride are
nmost pr ef eprlghedQctobeydo3PR- f | uori des can be prepared fromthe free sugar by
first acetylating the sugar and then treating it with HF/ pyridine.

Acetyl ated gl ycosyl Af hliepratilemetay ofprerieipg oligesacshiartgys isdlroughohe wiet h ni | d
(catalytic e | { han Me . Lt . gl ycosyl
fluorides é?%&@gﬁ R?gﬁggﬁvggséﬁ?%ggggaggﬁﬁggnéc?ﬁ%g?§%g5%§§§§§ggg%rivatives
can be Pr epesdddr sughmmcleotiiss s dawadugar bhiadght 2bUKNBANS, 952, 2030g®@eof skill in the

art. For ex . ..al syl .nmesyl ates can he prepared b reat ment of the
fully benzﬂ%%&g gh%ﬂ%iﬁ%{vaﬁwefa&ﬁf SECT%%SQ% E@é‘%"ﬂlﬂﬁ?c $S"ibﬁtira(5?s'r de, followed
by catal yt imlidh)éﬁ?d@@eﬁb@ﬁdsﬁgmhﬁclécﬁmeé;@sdah?nﬁ&é&iﬂé digh¥phssugds bur t her conponent
of the reaction is a catalytic anmpunt of a nucleoaide &éﬁﬁhosphate or

anal og t hePBAFOUIRFMOPYRNGFRISS BT IH WESP Hherrwsleqipde pRosppae & -1l H16d- use in  the
present i nyeafidOdr thdiklgiide, for exanpl e, adenosi ne nonophosphate (AWP),
cytidine nonophosphate (CWP), uridine nonophosphate (UMP), guanosi ne

monophggphate  (GVP) ActivaRs F%OS’I&%HMﬁ’Wﬁi% ik W&ulqm%ﬁe%;ﬁk@a%

nmonophosphate (TMP). 5 Nucleoside triphosphates suitable for use in

accor dance l&aVing giave, Syeleae fre ekammbatiuore, chilere) iemo dertsts¢stes, mesylsifosphat e ( ATP)
cytidine trj - Urd. o N} . - uanosi ne
y egtaheGﬁrggé?ésér Lof R kel prﬂg % esﬁuoel?@g;a@gﬁlgat%ﬁg@%l&u

tri phosphate ( Inosine trip ate ne triphosphate
(TTP). A pdefativesdnsiuds ghosydduonidep hubghensd mssylfER. wittr @ywesdiflugridéshe

I id [ ' ely] h f Le, ad '
i phosphat SR PRRREs B Bri TA AR AE ek BVERRAR e FhaBl B ohac o (o),

guanosime disph@gpihatide, a-glucosyl fluoride, a- fucosyl fluoride, a-xylosyl fluoride, a-sialyl

fluoride, alpha-N-acetylglucosaminyl fluoride, a-N-acetylgalactosaminyl fluoride, B-
galactosyl fluoride, B-mannosy! fluoride, $-glucosyl fluoride, 3-fucosy! fluoride, 3~
xylosyl fluoride, beta-sialyl fluoride, 3-N-acetylglucosaminyl fluoride and B-N-

acetylgalactosaminyl fluoride are most preferred.

20 Glycosyl fluorides can be prepared from the free sugar by first
acetylating the sugar and then treating it with HF/pyridine. Acetylated glycosyl
fluorides may be deprotected by reaction with mild (catalytic) base in methanol (e.g.
NaOMe/MeOH). In addition, many glycosyl fluorides are commercially available.
Other activated glycosyl derivatives can be prepared using conventional methods

25  known to those of skill in the art. For example, glycosyl mesylates can be prepared by
treatment of the fully benzylated hemiacetal form of the sugar with mesyl chloride,

followed by catalytic hydrogenation to remove the benzyl groups.

A further component of the reaction is a catalytic amount of a nucleoside
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(GDP), inosine diphosphate (1 DP) and thym di ne di phosphate (TDP). A
preferred nucleoside diphosphate is UDP. As noted above, the present
invention can also be practiced with an anal og of the nucl eosi de

phosphat es. Suitabl e anal ogs include, for exanple, nucleoside sulfates and

sul fonates. Still other anal ogs include sinple 15 phosphates, for exanpl e,
pyrophosphate. One procedure for nodifying reconbi nant proteins produced, in
e.g., murine cells wherein the hydroxylated formof sialic acid

predom nates (NGNA), is to treat the protein with sialidase, to renove
NGNA—type sialic acid, followed by enzymatic gal actosyl ation using the

reagent honobgeneous
roagent UfiGal a0kl Ale. S HLARSLSLARRRLAR A ROUSROIE Y oogenco

r eagent Cl\mepteMt amchtiah plehrdz, f8r sqamb},el adema;feemmphdsphaga (AeMP), gytidine honopgeneous
XS2 gl oforms arac ti f Sialic Aci iants For
structut ol MeRaresEbet FOUPF b raRaRrernat (S maiohios BRbPmRG 25

ol i gos accI‘(@Mmemoslﬁdnao@p}mspmtetlmm a@delpﬂﬁcaﬂiei rﬁcb‘r&phmhald(mP)ant | body

preparat | te wi th tide- N—gl%comdase to rel ease the

N-1i nked %&%"\gg‘rﬁgﬁwy phates sujifple ffgh‘g S ECOERRP RIS PG inySREPIE ( PNGase F)
cl eaves aspan@&Hde@sink tfkRshrhR ( @frpgeﬁ ﬁpmda@@te (Ee),reldeR $@shosphate

ol i gosaccharides were fluorescent anthranjlic acid

( 2- ani nobeWZAS)-Euardisiay mqbemhﬁieéQTBhawanaw%@whﬁy (INBL@ddéwaléw@n bed (see
Anunul a, Ktnﬁﬁwsplflaa'%‘éj (TRRY TR gﬁe-fergdﬁglgbs?decfﬂyhosﬂl%%&s b @’fe@ra@ﬁh@‘l) As shown in

Fi gure 3, e ol gosacch rides separated 0, and &S2 in the
5 chr onat ogpclensidephobphatgds @ pradepsida diphesahate, tfmeé@npwdywwldazhe@hgtpem es,

natur Y (0, i SRS (OOr BRSNS Al SRR 0oL

Sialic Aci (@DPa,rm@mnesh[ﬁwsmm(ﬁDFm ang tlp'mmdlm dlphcxsphateb(é" Di’()rmare&nreﬂor

functionalit ver.al 0 VI tr sa articul ar,
T nt ty e i teadde BFACHR: s LhehtAq ot fhe biekdr? BeRfthban bl BET L O
receptors practioéd with ef gflog oTIﬂQSﬁclﬁTéS&&qﬂlﬁﬂpﬁﬂE§ Suitablel aﬂiwogmldﬁxde for

example, nucleoside sulfates and sulfonates. Still other analogs include simple

15  phosphates, for example, pyrophosphate.

One procedure for modifying recombinant proteins produced, in e.g.,
murine cells wherein the hydroxylated form of sialic acid predominates (NGNA), is to
treat the protein with sialidase, to remove NGNA-type sialic acid, followed by
enzymatic galactosylation using the reagent UDP-Gal and betal,4 Galtransferase to

20  produce highly homogeneous G2 glycoforms. The preparation can then, optionally, be
treated with the reagent CMP-NANA and alpha-2,3 sialyltransferase to give highly
homogeneous G2S2 glyoforms.

Structural Characterization of Sialic Acid Variants
For structural characterization of sialic acid variants containing
25  oligosaccharides, the glycoprotein preparations including antibody preparations were
treated with peptide-N-glycosidase F to release the N-linked oligosaccharides. The
enzyme peptide-N-glycosidase F (PNGase F) cleaves asparagines-linked
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usi ng reconbi nant soluble forns of the receptors or cell-associated forns of
the receptors. In addition, affinity for FcRn, the receptor responsible for
the prolonged circulating half-life of 1gGs can be neasured, for exanple by
Bl Acore using 15 reconbi nant sol uble FcRn. Cell-based functional assays,
such as ADCC assays and CDC assays, provide insights into the |ikely
functional consequences of particular variant structures. In one

enbodi ment, the ADCC assay is configured to have NK cells act as the
primary effector cell, thereby reflecting the functional effects on the
FcyRIITI A receptor. Phagocytosis assays may al so be used to conpare immune
effector functions 20 of different variants, as can assays that neasure

cel lul ar r ebpoawbarides Jon rdepsed gligosnerhuaidesorere Araresermtborielitetittat or rel ease.
AfTinity angnonlidiati (ﬁﬁ%%ﬁeré&%'a@xﬁﬂb&%ﬁed"!ﬂhQﬁhl?z;e@lﬁ?glslkl%swscﬂwdt' val ent, can

be tested to determ ne 5 various”paraneters © to target proteins.
A conveni efitee Ponmal, Kdt. adé Dbnme AT §ycohivlagypka®8 dul;8Kd): 688 -%h A sEhovaain

(enzynme-1i i gl I r Q-] ay). "ELISA" has
becone gen%ﬁ%’i usélggég%&%%eﬁ%ggag%{%doﬁ?r%olsg@ségf%?gﬁﬁg??g‘rg?re ?)n a solid

suppor t5 usichgmategianeah bedetecttd and gomithets Aglgsendatad bpecies, matrallizldedd]  sol ubl e
anal ytes are removed from sqlution after specif.ically binding.to solid-phase
react ants. O?ﬁlyf"}?éo Vﬁlgg’,ee%%efnb"-aﬁ}‘l3%@4“8%%?@(1?@@3@1”élryg?ilaﬁr%ﬁ%l??atﬁ‘gsor bi ng an
antigen or Gmanti body onto plastic mcrotiter plates; in other nethods, the
sol i d- phase reactants are 5 cell-associated nolecules. In all protocols, the
sol i d- phase reagents are incubated with secondary or tertiary reactants
coval ent | y BidogitdChaeacterizatiay oESialithdd Variaats) ugates are renoved by washi ng
and a chronogenic or fluorogenic substrate is added, As the substrate is
hydrol yzed by the bolitreorésizipgrarotaiiscat bt eompareddpiiuneiiogality byissvesbent  product

IS gengrat aFi o] .S i L a mcrotiter
pl ate ﬁ% rg‘%gelér:l.b% e%fr%%%%'ssi t@%&%&}r,gaﬁ@ﬁhé@%@?rg}%%%@ g?@%br 1|Edg’nal to the
amount of iand FéyRUII fmalyyif @cy tebeptdreistof fiterest. X These medsuremensrchallibemadé t he

e sty o SO T Totu 2o Lo el LB 238 o1 coptured

receptors. In addition, affinity for FcRn, the receptor responsible for the prolonged
circulating half-life of IgGs can be measured, for example by BIAcore using

15 recombinant soluble FcRn. Cell-based functional assays, such as ADCC assays and
CDC assays, provide insights into the likely functional consequences of particular
variant structures. In one embodiment, the ADCC assay is configured to have NK cells
act as the primary effector cell, thereby reflecting the functional effects on the FcyRIIIA
receptor. Phagocytosis assays may also be used to compare immune effector functions

20  of different variants, as can assays that measure cellular responses, such as superoxide

or inflammatory mediator release.

Affinity and Avidity Assays

Antibodies, which are naturally multivalent, can be tested to determine
25  vanous parameters of binding to target proteins. A convenient format for determining
an apparent Kd is the ELISA (enzyme-linked immunosorbent assay) or RIA (radio-

immunoassay). “ELISA” has become generally used to mean a binding assay
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an irrelevant domain on the antigen or by using an anti body or other |igand
which binds is a "tag" engineered into the target protein, e.g. a

pol yhi stidi ne sequence. An alternate nmethod of neasuring binding of

anti bodi es agai nst surface antigens is by using whole cells that express
(naturally or through genetic engineering) an antigen on the cell surface.
The cells are incubated with a test solution containing the primary

anti body. The unbound anti body is washed away and the cells are then 20

i ncubated with an enzynme conjugated to anti bodies specific for the primary
anti body. Unbound enzyne conjugate is washed away and substrate sol ution

added. Th r he anmount of
substr at e%ﬁy%P Si ss'dpc%l:lp gorpﬁéfrf%%ree%gegﬁwrg%@?/% ?%9 Ilaié nugrﬂ) ]9[8 cells per
unit vol uselubls améjftds gorstend ﬁomlsolenqreaﬁevmeylﬁcalddnmhng tOWOb@pImade using a

r adi o- | abel ed nd t h i rect or conpe 25 descri bed
above. Pr o?aS@B{ 5 Eﬁ& Eg?cgﬁ\&éspg‘g?/esre%agl[sfag ﬁlﬁdbeyaéisor?”ﬁg aﬂﬁgt Iélof FM et al.
Curr ent Praﬁtﬁlﬁﬂpbﬁtolpﬂushbhmwtarpla&sph@mer m2Mods, deholidphay refctBanse | nc. Bi ndi ng

rates,_assogciati.on.ra |sso ti tes, can al so asured using
b Aol t CokhapEnd Rleene doal Boges Basni BRbE Faeiiore meneatd ih o 20

mobi | e SO'séUoh@zﬁ’% BHRARehdSis &baléﬂtg&eablaﬂb%feﬁ@nhyUﬂb@mmanjﬁgaﬁésace

resonance ods for Assessing Effector Function The raole of antibody

gl ycosy! atfegampyedihyevashiag padhr duoraeggnic 9e fegregeaic syhwiairds akdefets e of
t her apeut Isﬁbsﬁ&eqsqwd%lweag %%%&d%%ﬁ@%d&@ T ore @b idcdf the S5 neonatal

Fe receptor (FcRn) t ough responsi bl e for 1gG renoval from circul ation,
appears umppsiuetis pengratad. Binkl; ke pfodietlis drtestedolisugiserciiting intheotder pfidte Fc portion
of an,,an r E t . i;body- nedi at ed
rmans? * S8 Ao BB ol SERREST BrdsbltBhal s sbdoll  BARRRECY oo
recept ors mﬁmlﬁstm()m(réjDM), FcRIl (CD32) (both FcRIT A and FCRIIB), and FcRIII
(CD16). Al three are found displayed on nonocytes. However, the
el aborati on of thesk aned@@mfshecmlidfphdsmssay,ammg@bnwybshﬂpgmlarrs to occur
differenti.all i.nfesponse to of h measur enent of
the affi nllrtmno%lflm%qdor Co%t"uie 15 ons nodt ?rnéo i e&l am_g gy%' éco%%%aeﬁtl cs for

an irrelevant domain on the antigen or by using an antlbody or other ligand which binds

15  a‘“tag” engineered into the target protein, e.g. a polyhistidine sequence.

An alternate method of measuring binding of antibodies against surface
antigens is by using whole cells that express (naturally or through genetic engineering)
an antigen on the cell surface. The cells are incubated with a test solution containing
the primary antibody. The unbound antibody is washed away and the cells are then

20  incubated with an enzyme conjugated to antibodies specific for the primary antibody.
Unbound enzyme conjugate is washed away and substrate solution added. The level of
bound primary antibody is proportional to the amount of substrate hydrolysis. This will
be quantitative if the nuinber of cells per unit volume is held constant. Alternatively,
detection be made using a radio-labeled ligand through direct binding or competition as

25 described above. Protocols for ELISA assays are found in e.g. In: Ausebel, FM et al.
Current Protocols in Molecular Biology. 2003 John Wiley & Sons, Inc.

Binding rates, association rates and dissociation rates, can also be

measured using BIAcore technology which uses a solid phase binder or ligand and a

20



Fc-gamma receptors is one appropriate neasurenent for predicting enhanced
effector 15 functions. Human 1g3@ Abs with low |l evels of fucose in their Fc
gl ycans have been reported to have greater affinity for human CD16 FcR and
dramatically enhanced in vitro activity in ADCC assays using human PBMC
effector cells (Shinkawa et al. J Biol Chem 278(5):3466-3473, 2003; Shields
et al. J Biol Chem 277(30):26733-26740, 2002; 20 Umana et al., Nat Biotech
17:176-180, 1999). A nethod of assessing effector functions using the in
vitro ADCC assay can be perfornmed in a quantitative manner. Thus, an in

Vi L0 aosa AR RIS el SRR b ledRl LikeOlesigaid anti body to

cause destruction o ce igand by the correct

sel ection gf ,targe} and ctor cell lines and assessing cell 25 "kill" by
ei t her theﬁftﬁ%%ﬁlri‘%Sﬁesﬁzflg?fﬁfgg%'eﬁngg "o continue dividing or by rel ease of

internal contents, £.0.,51C..rel ease,, The target cell e acell line

whi ch normal |y expre@?ggleo a‘%%’Pg%% y‘f‘%s%%th%‘ P8I %angentap%@gglé,or%nti body
fragment, o@harfndSokiretigy afttiesrapeatic Fdw@niainitgipréteins ssems 2dinitmy, bheligngtireered to
express_and retain the target protein qgn jt urface, An e l e of such an
onol nec od TRl T seechiar (FRIE ket reponsthectss fog GRS ropbr Bt i0B1 | | i ne t hat
stably exphrgssafInpitutied byWhRaE N-Bkedbligdadthdiidaeh theke doRah of @i Nns as a
transnmenbrane formdue to the introduction of a deletion of am no acids 1-12

of the 5 AB#PAE cytokine (Perez et al., Cell 63:251-258, 1990). This cell
line is useful for assessing alterations in ADCC activity, of anti-TNF

anti bodi es, anti body!lFerl&lhemecsptors(FeRe iyt HddeleSpnsihedy-magdiated) Hamyne: get i ng

fusion p_rog&b&ﬁ%f@vﬂmuﬁ%@&&@&mﬁ&{sifﬁﬁ%mc%aﬁﬁgﬂeyé os: LRe effector cells
for the in vitro ADCC activity assay may be P 10 eri pheral bl ood

monocytd ¢ ¢€PPH) FIL (§ikven (hoth Bkl andelihdlB) sand tisBIIL Jepildueppre cel |'s can
be freshly ¢h38l43bR%ed AR RLIEL %&h&?%é@?t}&a‘ﬁ&ﬂof ﬁ@@r gfb‘issorp%’an&ﬁ)sor oved
er n age cells which may

met hods. O cytic or  macrop e used are those
from deri vagetkellsrmpedafais ioorr fifferadsalbppt irarsspessd tb ofeafactoxu ddhassfore] n vi vo

model s for m@&?ynrleinp & T}lp gffnclﬁ)l/ lofj glly?crosyllla 1onpn?odfit"ilergiclitci 3h in%{gebigthgrgpeutics for

Fc-gamma receptors is one appropriate measurement for predicting enhanced effector

15 functions.

Human IgG1 Abs with low levels of fucose in their Fc glycans have been
reported to have greater affinity for human CD16 FcR and dramatically enhanced in
vitro activity in ADCC assays using human PBMC effector cells (Shinkawa et al. J Biol
Chem 278(5):3466-3473, 2003; Shields et al. ] Biol Chem 277(30):26733-26740, 2002;

20  Umana et al., Nat Biotech 17:176-180,1999).

A method of assessing effector functions using the in vitro ADCC assay
can be performed in a quantitative manner. Thus, an in vitro assay can be designed to
measure the ability of bound antibody to cause destruction of the cell displaying its
cognate ligand by the correct selection of target and effector cell lines and assessing cell

25  “kill” by either the inability of the cells to continue dividing or by release of internal
contents, e.g. 5ICr release. The target cell may be a cell line which normally expresses

a target ligand for the antibody, antibody fragment, or fusion protein of the invention or
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15 avail abl e. For exanple, anti-CD3 antibodi es can be used to neasure T cel
activation in mce, because T-cell activation is dependent on the manner in
whi ch the anti body Fc- domai n engages specific Fey receptors. In vitro, the
anti-tunor activity of a high fucose and a | ow fucose version of a chineric
human 1 gGL Ab agai nst CC chenokine receptor 4 were conpared, no difference
intheir in vitro ADCC activity was observed (using 20 nouse effector
cells), however, the | ow fucose Ab showed nore potent efficacy in vivo. No
human effector cells were provided and the nice retai n endogenous NK cells

(Niwa et 4:2127- 1 th 6 Lor on human
Nl { cells %a}ébca% lrlrlt()e?]ng i ggffsse%?ﬁlé al%? % ?t\elllnton lttS gurge %oéégfag‘\%)e?s of 19G
Abs, t heseoftatibansangmestd tdildine 1sathérK(2Iaelh|as Spﬂt)s‘toumhya‘lmmmal\hate theas been
studledln%man ef fector &9 E%E%%ratl_lrﬁg 25. mce. One possibility is
the nore r% ?71p§;esaqs§86t\§§l,1r © SR RInERETEn Eé‘}?f{??naﬂ%%etlna et al,

| munogen &dhisA63biifSforr AAeio thérihﬁow@héxa@fealdewnaﬁ oﬂeﬁﬂﬁb Bci@¥ 1-Mpys@e CD16-2 has

significantly higher sequence identi 16A (65 t han does the
better > knmﬂeﬁﬁﬂr%ébﬂ&e&r“ 255&&6%31999‘?9 Tthﬁé’FH ilfle ravetidohor e sensitive

to 22 fucgs&siheyedrsiont m'ﬁﬁ@C%@@&t Iof - BdP aﬁtm&eg‘%ﬁﬁl?od%]a?meﬂtg Sr'! epor ted

expressmn i n nbuse nacrophage- Ilke J774 cells I's consistent wth the

possi bi | i t§nginkered awsir S Falplor tarshtdngafysionppicts $iavigs BRdengnmenFehiemais ponsi bl e f or
the greateg. i-tunmor activity by the low fucose Ab described by N wa et
al. (2004). us, the study of Fc-receptor binding by 5 human lgd -type Fe

contai ni g pr ot ei nS 14,0 B RDCY 1o8, PRl 6 fipife Protein

Producti on Processes processes 1 nvo he prOSUCtI on of
Fc- conwai nipagphept bloed n®natic naﬂs)a@ﬁhuﬁxanot otharswecoid sowes. §BM£beﬁﬁeme),r i ncl udi ng
sialic acid Fc- cont ai ni ng

enbodi nent . . t he. host. .cells ecrtln
protein ar&e§ u"}ntkif&geahl?’ﬁsofaﬂeéiﬁ%n %qeég‘glheg%n%tflo%de#%ao@rs Y ap%é bovi ne serum
(FBS), thaethods. Oth“er mbmdywsﬂmacsdﬂhja@cﬁeﬂdwmoh nﬁybeh@uateeﬂoslaémn treatnent (for
exanple, 5 Cf %ﬁ a% This can rescg1 in Fc- containing protein that
cont ai ns ng™ Q/‘Bl‘e PO IEALINGR 8 Reiongglgki@esci d, due to the natural
presencelnthe serymof acgtiye sialid nes t hat canr m)ve sialic
acid fromthe Fc-cohtXPmoAgs )é%’(’ﬁeé?"l‘ilé‘gg'@(??lg{f@y ALY 4EASOs. | n anot her

enbodiigent ayalifie. For example, anti-CD3 antibodies can be used to measure T cell activation in

mice, because T-cell activation is dependent on the manner in which the antibody Fe-
domain engages specific Fcy receptors. In vitro, the anti-tumor activity of a high fucose
and a low fucose version of a chimeric human IgG1 Ab against CC chemokine receptor
4 were compared, no difference in their in vitro ADCC activity was observed (using

20 mouse effector cells), however, the low fucose Ab showed more potent efficacy in vivo.
No human effector cells were provided and the mice retain endogenous NK cells (Niwa
et al.Cancer Res 64:2127-2133, 2004). As the CD16 receptor on human NK cells has
demonstrated enhanced sensitivity to fucose levels of IgG1 Abs, these data suggest that
a mechanism distinct from what has been studied in human effector cells is operating in

25  mice. One possibility is the more recently discovered mouse CD16-2 receptor
(Mechetina et al. Immunogen 54:463-468, 2002). The extracellular domain of mouse
CD16-2 has significantly higher sequence identity to human CD16A (65%) than does

the better-known mouse CD16 receptor, suggesting that it may be more sensitive to
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15 cells secreting the Fc-containing protein are cultured either in the
presence of serumthat was subjected to an el evated heat treatnent, thereby
i nactivating sialidase enzynes, or in the absence of serum or other nedium
conponents that nmay contain sialidase enzynes, such that the Fc-containing
protein has higher levels of sialic acid, for applications (e.qg.,

t herapeutic indications) when that m ght be desirable. 20 In another

enbodi ment, the conditions used to purify and further process Fc-containing
proteins are established that will favor optimal sialic acid content. For
exanpl e, lfiwosmiselsifdgGthatdi bindssthachehisé @Dilb.elts ppodareypdsstoposoues t o a | ow pH
envi r onment ion rotein chr omat ogr aphy

el.u ;

col um oFmgﬁPmﬁe?gfE&FCF%HEF@WEE%B ﬂﬂ%88%§§@§9h%5 Y MATBNES US|y lead to a |
<r:| educt ibo 3 ejr(]p’iessmglﬂm6 QZrﬁa}ab‘d Idsp??ﬂmlﬁmr,thez’g?ealrmhn ehdr a&ahﬂyfb&m@ loger i n?m As
escri bed here e host ce osen for expression o e _reconbi nant

Fc- cont ai @Cﬂﬁ%%ﬁ%%yﬁ%%ﬁld - aﬁt“ﬁﬁbﬁ?“‘?ys‘)f G IPIFBOF P‘&H‘Pg%nt ributor to

the fipal hﬁrﬁéﬂ%@'lit#sy}?c doR@ainktth fStein¥Mot@iHe eftbdtblR1ld RMot frB@ctikAr 1 ation in
conposition of 5t ol i gosacchari de noieties decorating the protein in the
i mmunogl obulin CH2 domain. Thus, one aspect of the invention involves the
sel ect i on ppéteiaMro@pvtiod (PR o étost ceIIs for use and/or devel opnent of a
production cell expressing the desired therapeutic protein. In one

enbodi ment, the hoifferhl processes gwblvedatitic the ipsodnetiomrod Ft-gomteifingi ent or 10
devoi d of _si al ses ot her . e qtpe host cell is

geneti cal Ip§ teu}r%cﬁﬁ %rﬁl {Fc &fgrosagfhacrilde& ﬁ&et‘ glcgugmg 3V %ld 'of J915| Sl yl transf erases.

In a furt hmbocﬂnﬁhﬂﬂhér’em cellstsbgetingslie Rbezlohtainsngq:rﬁtemla\/eadulmredho&fe cell line

selected to ex s reduce undet ble |evels .of | r ansf er ases.
T AT anGAEE RO Fende iR G SRS T YR BT GBI B or | <
genet i cal ly elewldiHegtréafmdnt ot &xamsle, 563C 2 30 enifk@vs)i tﬂhl@t:am@bd&lﬁl}?al ic acid 15
synthetase, the enzy ng@that catal yzes the formation gLQCNP sialic acid,

which is CPANEgHTOLEN Hat ONLNS Q0L VEry JQK AMBYNIS plasiglic ackl deeip % t o transfer
sialic acm@tmtapprtaieﬁceaiﬂtme%% of d3tife s1ahehs%te emgbdﬁereﬁwvetmmuaat cell may be

natural |y devoid of, geneti cal |
from the Fc- contammg protems secreted from those cells In another embodiment, the

15  cells secreting the Fc-containing protein are cultured either in the presence of serum that
was subjected to an elevated heat treatment, thereby inactivating sialidase enzymes, or
in the absence of serum or other medium components that may contain sialidase
enzymes, such that the Fc-containing protein has higher levels of sialic acid, for

applications (e.g., therapeutic indications) when that might be desirable.

20 In another embodiment, the conditions used to purify and further process
Fc-containing proteins are established that will favor optimal sialic acid content. For
example, because sialic acid is acid-labile, prolonged exposure to a low pH
environment, for example following elution from a protein A chromatography column
or during viral inactivation processes, can simultaneously lead to a reduction in sialic

25 acid content.
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or treated so as to be devoid of, pyruvic acid synthetase, the enzyne that
forms sialic acid frompyruvic acid. 20 In an additional enbodinent, the
host cell may be naturally devoid of, or is genetically nodified or treated
so as to be devoid of, galactosyltransferases, such that antibodies
expressed in said cells |ack gal actose. Wthout gal actose, sialic acid wll
not be attached. In a separate enbodi nent, the host cell cell may naturally
overexpress, or be genetically nodified to overexpress, a sialidase enzyne
that renoves sialic acid from 25 anti bodi es during production. Such a

si al i dase BIHEE CBY, @gﬁeeiﬁrﬁt racellularly on antibodies before the
anti bodi es "are secre’% or'"Be secreted into the culture mediumand act on

anti bodi es that havesale§@BelyhdQRSRRT @lRHodeR TR ckh@ssiadifiy  Met hods  of
selecting cell lines with altered gl ycosyl ases and whi ch express

gl ycopr ot eferembingry Fogontpiniag pepteimpyaeripgloatlantlndy ésin impagam somripéen descri bed
(R pka and;StaBl.8¥% 880 i Bt S 13mi GV atigiordin @mpdds /0132140).
Met hods of oeh%?nee?rfléuog ﬁg’sl{lég(gﬁé’lgg htg;gl%}l%{%%e ant %E)O(ljllnes B\n&?ﬁgg tered

gl ycosyl at thenlipasatchemds masties teqvepting the pheieic édthADSGundgiobelib €82 t aught in e. g.
U S. Pat. 02,864, wherein the host. cells, harbor nucl ei c.acid 5 encodi ng
at | east og%rgagl?'y@glﬁf onteea?W%%rr%&}i] 191’??8%?}‘/@8%@']1 ¢ ?e:'iflr%g ré(?faag glf%glﬁ%tg P?Sﬁcal ly p
(1,4)- N acelsyforglselaaidadeydl dphsenf efagselutiidn delbedpredsing tha deeitedtharagsmdhes t o
geneti cal | é{ﬁ??ﬁgl neering the glycosylation properties of a host cell through
mani pul at i Gt the host cell glycosyltransferase involve elininating or

suppressing the activity, as taught in EP1,176, 195, specifically, alphal,6
10 fucosyltransfer aslﬁo?%elmg?ﬁﬁ‘éﬁ%%ﬁr@&féﬁ s 2 qefl Wiy lﬂnﬂgraglﬁg?f%_ﬁ@t 'o one

skil | ed i ndévaal dfistalylt@ansiRfa86st IHE Encitie eriBidnaEls, (A hdiP&d]l i€ 8édeti@iMgi Nneering in
other than the specific exanples cited above. Further, the_engi neered host

cel | may bBogfiedantrstadan abioibgidavad ofsialylsanstesaspse dp @ duthes pohgdmerta, | ynphom,

yeast, insggtoQlicelPlsdMeriGRivk Bost 041 BR%I0GEd Hakp¥S reddcBIBY dridkiedBdle OF
transforned cell thereof. 15 I n another enbodi nent, the nethod of

suppr essi nigvels oksialyiirarsfiresgs. theret amethinambpditent e hontzophhds padrelly degoifior sial i c
i1 enci ng. Mo caRtp IR AHERIFRALC R e BARHRLIAE AL BT Oene
15 synthetase, the enzyme that catalyzes the formation of CMP-sialic acid, which is the
source of sialic acid used by sialyltransferase to transfer sialic acid to the antibody. In a
related embodiment, the host cell may be naturally devoid of, or is genetically modified
or treated so as to be devoid of, pyruvic acid synthetase, the enzyme that forms sialic

acid from pyruvic acid.

20 In an additional embodiment, the host cell may be naturally devoid of, or
is genetically modified or treated so as to be devoid of, galactosyltransferases, such that
antibodies expressed in said cells lack galactose. Without galactose, sialic acid will not
be attached. In a separate embodiment, the host cell cell may naturally overexpress, or
be genetically modified to overexpress, a sialidase enzyme that removes sialic acid from

25 antibodies during production. Such a sialidase enzyme may act intracellularly on
antibodies before the antibodies are secreted or be secreted into the culture medium and
act on antibodies that have already been secreted into the medium. Methods of

selecting cell lines with altered glycosylases and which express glycoproteins with
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addition of an enzyne inhibitor, such as by co-expression of an
intracellular Ab or peptide specific for the enzyne that binds and bl ocks
its enzymatic activity, and other 20 known genetic engi neering techniques.
I n anot her enbodi nent, a method of enhancing the expression or activity of
an enzyme that blocks sialic acid attachnment, or a sialidase enzyne that
renoves sialic acids that are already attached, nay be selected fromthe
group consisting of transfections with reconbi nant enzynme genes,
transfections of transcription factors that enhance enzynme RNA synt hesi s,

or geneti Cal&':‘r) Ic];fbégydre?t 1{1]?%}’[18% 50 Q%gggscgh%ﬁ I}a an&) E ag%gy%6RNA al |

| eading to €en anc 'seés, that result in
| ower | eveSanavic C&llaﬂmlcﬁmdadlt&z, UEH)Op/tOMZlHQ)d Mﬂmﬂs(otf engtmeeang)hdssecellsenbodl nment ,

specific enz i nhi bi.t or b d to the ¢ .cul.tur um 25

o E bots esd o Giat Fbaye St PR RSP bt oS fing i Bt ATEE 01

derived frigRe bedtauphiig g, USS!Q’Bt 8501884, Whtreinithd Kot ell® harBor iR Ric aaldrmuse a
rabbit, a rat, a rodent, a rimte, or any conbi nati on thereof and includes

i sol at 8d hERTRHnE Freathene, leCGHT@F?En meglifyingrabycos fransierser snecifipgliyd{i #&d and/ or

CDR-graft elq_a@at,?rulcggagﬁg,wanﬁ&gé po@ings). | rrrrunogl obul i ns, cleavage products
and ot her specified poitions and vari ants t her eof . The i nvention al so

relates to antibody cﬁﬁh@‘aﬂﬁrﬂ&h%to%%éﬂl:a@l%ﬂﬁlﬁée‘hngHfé'g@ﬁrc%sﬁ&tio@l%ro eMRetors, host
cells, conpositions, fornul ations, devices, transgenic ani rral s, transgenic

plants, anef ahestrelhronehmacipiiationaf s hery cqltﬁy@éyltrmﬁéer@ses@ioh@ed herei n
together t invention
further p?%\ﬂ}l etglgg;g '{bg?esceﬂh %‘neg’,a§angﬁ\§gprp’cu$?9u5?eésemf-g%§t’ %ﬁ%ﬁgss an

i munagl obfubesyltansféraseyWEiTB gemepredict) c #palldbeabvighy bamy Ketledin thaaratoCH2-  domai n
whi ch bi nds n c Kine, an.i nti bho growt h
factor a Pradite BSRR sERo Rl hRR R i MhG o 3Rr AP kBt <y

differ ent i ﬁfoanEurﬁtehﬁfermgﬁeered}ikﬁt delt ey the bf damindBarostig etaybd her eof , a bl ood

pr ot ein, nin oIvdln coa ul ati on, ny fragnent thereof, and any
structural [ ’%‘g‘r‘?g’t‘?‘t’) APa A HEP9Faoye %n‘?seGTOItHIFé‘t ‘F%ts gggemalhe’a preferred

enbodi ment imdidiRliksinesmagdrediddica thkfeggnent or deri vatl ve thereof binds an
antigen on the surface of a target cell. In a particularly preferred

enbodihgent the In another embodiment, the method of suppressing or eliminating the

activity of the enzyme required for sialic acid attachment may be selected from the
group consisting of gene silencing, such as by the use of siRNA, genetic knock-out, or
addition of an enzyme inhibitor, such as by co-expression of an intracellular Ab or
peptide specific for the enzyme that binds and blocks its enzymatic activity, and other

20  known genetic engineering techniques. In another embodiment, a method of enhancing
the expression or activity of an enzyme that blocks sialic acid attachment, or a sialidase
enzyme that removes sialic acids that are already attached, may be selected from the
group consisting of transfections with recombinant enzyme genes, transfections of
transcription factors that enhance enzyme RNA synthesis, or genetic modifications that

25 enhance stability of enzyme RNA, all leading to enhanced activity of enzymes, such as
sialidases, that result in lower levels of sialic acid in the purified product. In another

embodiment, specific enzyme inhibitors may be added to the cell culture medium.

25



target cell is a tunor cell, a cell of the tunor vascul ature, or an imune

cell. In a 20 specific enbodi nent, the i munogl obulin, fragnent or
derivative thereof binds to TNF, an integrin, a B-cell antigen, or tissue
factor. In yet another enbodinent, the cells, cell lines, and cell cultures

of the present invention may detectably express a fusion protein conprising
a growth factor or hornone. Exanples of the growmh factors contenplated by
the present invention 25 include, but are not limted to, a human growth
factor, a platelet derived growh factor, an epidermal growth factor, a
fibrobl ast aggyﬁh factor, a nerve growh factor, a human chorionic
gonadot r of"A?%4& eryt hropoei tin, a thrombopoeitin, a bone nor phogeni c

protein, a transforming,.gr h factaor. an insulin-]ike.growth factor, or a
gl ucagon-1ike 26 peg‘]r“i338?"@%5"5‘:%&%’3515SRP&}F%%P%F‘“ 'fnﬁ;r’fg? o aq%n ?fiaﬁfr% t her eof .
| sol at ed amiyi thatth#slssuoh ad i nbiTitRiRditQRA Humeh, WdRouksé) @S ELUNAY ta0G rafdnt,@ody i sot ypes

with ADCC activity, especially huyman Igd, (e.g., 1gQ kappa and 1gd | anda),
and, | ess m@qt%pféw%n@ma&@t}gﬁ@f%@c’lu%ﬁ ‘SH&?E??’HI“P%@PW I@S‘Ht aining altered

resi dues ama@maRRC bililnerit, e8indM8& dnfl/of bBRF%a@Barﬁﬁt’iﬂﬁeg{neanhb@diés counterparts
from other species. The antibodies can be full-length antibodies (e.g.,

| gd ) or canmeelobeEsorieayagapredicisga othy spenifrg nesians apd wasgntathemotporti on or
dormai n cap : LCLE ] : i i {eacRRCC, conpl enent
activation?ﬂgﬁgg%fﬁhg?%%%%g?%éﬁgg %?%%y%%h?ﬁgﬁ?ﬁhﬁﬁbgﬁgﬂ%?|n’fragnent
produced byectdig hestkélls, cangositions) fdrinnlgonsadentices kiansgeni¢ amimglsotfansgemicpr esent

I nvention ;r)rl% ts,laﬁ }nlégl%ds pfu d}%akllris a tusilné {He}e?f,j a& (?efsclzzr?oegﬁlerep ttQ Sethers domai n
cont ai ni ng"St’uct ures and any structural ’or functional analog thereof. In
one erbodi oenttinedtwith winmisikaglvaluthe artf ragnent is a dineric receptor donain
fusion polypeptide. Ina specific enbodinent, the dineric receptor domain

fusi on pol ypepti de Ths pebanaivestjvh. futeaperideqdells, selhlinacandzel anturessol ubl e TNFa

recept or | ecul e that is 15 adm_.ni stered subcut apeously.and binds to TNFa
TPt ot et Pt i AR ot o pert Do APRF PLa ot her copt | o
di meric fugdidin phih 8inds EORFIgsE, iaRGtoRine laAGnte@itt iinEfibbdl), algrdvitB&Rebri Ndi ng

portion of the human 75 kil odaltgon (p75) tunor necrosis factor receptor
(TNFR) | i nRefcs sitigeewieh Sermparkss Oéﬁell(m?agﬁ ang differenfiatiqne 2 BFRBReNt  of

15  receptor or fusion protein thereof, a blood protein, a protein involved in coagulation,
any fragment thereof, and any structural or functional analog of any of the foregoing.
In a preferred embodiment, the immunoglobulin, fragment or derivative thereof binds
an antigen on the surface of a target cell. In a particularly preferred embodiment the
target cell is a tumor cell, a cell of the tumor vasculature, or an immune cell. Ina

20  specific embodiment, the immunoglobulin, fragment or derivative thereof binds to TNF,

an integrin, a B-cell antigen, or tissue factor.

In yet another embodiment, the cells, cell lines, and cell cultures of the
present invention may detectably express a fusion protein comprising a growth factor or
hormone. Examples of the growth factors contemplated by the present invention

25  include, but are not limited to, a human growth factor, a platelet derived growth factor,
an epidermal growth factor, a fibroblast growth factor, a nerve growth factor, a human
chorionic gonadotropin, an erythropoeitin, a thrombopoeitin, a bone morphogenic

protein, a transforming growth factor, an insulin-like growth factor, or a glucagon-like
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et anercept contains the CH2 domain, the CH3 domain and hinge region, but not
the 20 CH domain of 1gGN O her products anenable to manufacture using the
cell lines of the invention include therapeutic or prophylactic proteins
currently manufactured by other types of animal cell |ines and having a CH2
capabl e of being glycosylated. Particularly preferred are those

t herapeutic, glycosylated, CH2-domain containing proteins which 25 bind to
target antigens on a cell surface, which cell type it is desirable to
incapacitate or elimnate fromthe body. A nunmber of such therapeutic

ant i bodi es i nt al n lg@, especially the 1gQd,
heavy chaiﬁaﬁﬁﬁgﬂ@ggﬁ%&?@gégﬁ ﬁﬁ%%agéhgﬁmgﬁg? and CH3 domai n. Such

t herapeutic protei .ns.(sc;lﬁgcl 51%0&%”%‘[%23&@%@&%@% ?A_gseth%?/iln§2mt§%g§e descri bed

herein below InfliXimab now SO I'n Ximab’is a chineric
lgdic noroybeneith ADCCodyitywedpbeidly lajppn deGingtee [pGllappd and Ig@ilgiatia)pf 149, 100

daltons. It | conprise const ant and rine. variahle regions.
ot i s PERBRL R e b 2Eh o B Rt cbtre A Peddie Al pha

( TNF( alphajpecific rdtiduss RIBOED @ma@i} arcctBéis tntertts QY dpecienf Thexi mab
neutralizes the biological activity of TNF(al pha) by binding with high
affinity tantbrdiesenpstell-enathepihodivs (% o861 F ¥roaR IGRAT Ry &R AMEFand i nhibits
bi ndi ng of 4L GG BbRBA hndd Bt dorifon’ & A6RRIAEpablelit bici SagrReR} Rdhcligr@NS menbr ane
TNF(al pha) bound by inflixi'mab can be lysed in vitro or in vivo. Inflixinmab
is 10 i ndi delvdmgAdICErempleagniastivation, and&iladinding. arthritis, Crohn's disease,
and al kyl osing spondylitis. Inflixinmab is given as doses of 3 to 5 ng/kg
gi ven as an i nt r averfoubemiond, thsilomuneglotylie dragiert pedusediby ibd cellp vl ar doses at
2, 6, d/ S r . LNt - ks dependi ng
on the i s SacspR el Bl R e i hon il BHIM, B n R B ST

i MunosupprhssCi2 doridin hontEining etduchg€d andempsiuotuedl oafunétivoalanplogthered by

reconbi nan echnol qay_t hat , .bi.nds speci fi.cally to the alpha subunit
(oea ol paain EagahSgReL S mhliteiottlif SR RBR i A difllid dediordbha B B, SUPUR
(1L-2) receglypaptilidah alspedtidemitindigtnq fhel dierddiefepe domaia dilisioniodgbeptidenphocyt es.

Daclizumab.is a conpl ementarity-determnjn egi ons rafted
is etanercept.nEtanercept ?s a regom ?nant, soluble Q'NI’Fageceptor Jgno eCl)lle %at 1S

—)

15  administered subcutaneously and binds to TNFa. in the patient's serum, rendering it
biologically inactive. Etanercept is a dimeric fusion protein consisting of the
extracellular ligand-binding portion of the human 75 kilodalton (p75) tumor necrosis
factor receptor (TNFR) linked to the Fc portion of human IgG1. The Fc component of
etanercept contains the CH2 domain, the CH3 domain and hinge region, but not the

20 CH1 domain of IgG1.

Other products amenable to manufacture using the cell lines of the
invention include therapeutic or prophylactic proteins currently manufactured by other
types of animal cell lines and having a CH2 capable of being glycosylated. Particularly
preferred are those therapeutic, glycosylated, CH2-domain containing proteins which

25  bind to target antigens on a cell surface, which cell type it is desirable to incapacitate or
eliminate from the body. A number of such therapeutic antibodies are engineered to
contain the human IgG1, especially the IgG1, heavy chain which comprises a human

CH1, CH2, and CH3 domain. Such therapeutic proteins include, but are not limited to
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nouse- human chinmeric anti body. The human sequences were derived fromthe 20
const ant domai ns of human Ig@ and the variable framework regions of the Eu
nyel oma anti body. The nurine sequences were derived fromthe CDRs of a
murine anti-Tac antibody. Daclizumab is indicated for the prophyl axis of
acute organ rejection in patients receiving renal transplants and is
generally used as part of an i nmmunosuppressive reginen that includes

cycl osporine and corticosteroids. 25 Basilixinmb (sold as SIMILECT(r)) is a
chinmeric (nurine/hunan) nonocl onal anti body produced by reconbi nant DNA

t echnol ogy, u s.as an i mmunosuppressive agent, specifically
bi ndi ng tot (ﬁﬁ ‘E?F%‘%e@%ﬁbe"in?fé"“( nterl eukin-2 receptor (alpha)-chain

(IL-2R(al pha), also 3§#ﬂﬂ§§aﬁﬁ surfa ce of .28 activated

T- 1 ynphocyt es. Basedlk ﬁﬁ“‘?ﬂ’ Oé‘f%Dﬁcgas E@‘X‘?‘ﬁ%‘s@éﬁ H{Eﬁr’étlégl%l ecul ar

wei ght of trh@oglod enttbod$ wikh4n kpprexdahtt @dfeculbt weightdf ghY, Cadatb &Y. Nt bt ai ned from
fermentation of an establlshed nmouse myel oma cel | Line genetically

engi neer ed “PEPREA PELEN3Y cqugipng and E‘B‘h‘fea‘iaﬁi"tf’l@rek‘%??éls hFEFEAmARBNYS and | i ght chain

constang r %gecmawtaﬁﬁm{aha@aal 188 8siS RS Lalphd (T REYalHAY Wit assRAtion vari abl e
regi on genes encodlqn(gMn}ae RFT5 anti body that binds selectively to the

| L- 2R( al phprstashaf | tlnﬂlélmqueetaaché@s thobiologisalpebyilfbNKalpha) B¥ut e or gan
rejection iy ﬁﬂ&l LR6R) 6 i 'iﬁ'ﬂaazlndtufag%geﬂl Fh RN R n;gﬁ%das part of

an i munosupp SSIV regimen t Inclu osporlne
corti cost erinhilits bintldy qfﬁMﬁéﬁpK@ oiith ﬁasecmtm R@éliS)e)(pIessng tramsmebiasnt human |1 gG 1

10 ronoct oale At BT S TERK i sheke QP LU TR I REF BB RlAR O (TN

Adal i mumab u5|ng phage ogy resuFtlng in an
ant i body wiitdicamedrfeinthe d&tmm&@fﬂeamytoﬂmdhhmgﬁ?tolmhahs&aseaandadutyéosrrggl ons and

human 1 g@ ka .cqnst an i ons is indicated for reducing

si gns and §§W§§@ﬁ%qgﬁau? H?@ ?Vﬁ&°$ﬁ8%%%£%&3%§ﬂaﬁna%¥1@F?ﬁ??ﬁraI damage in
adul t pati enfusiomfollbwbRER addefional dmBA\IBEES b2, BCArdNS SR bR Rbr dRd arthritis
who have had an |nade%ate response to one or. nore DMARDs. HUM RA(r) can be

used al one BFVRIR OLBiRBI hiEsks deRFEiRe Rree Gisese frobe IIRDs. Ri t uxi mab (sol d as
RI TUXAN(r)) is a genetically engineered_chinmeric nmnurine/human nonocl onal
anti body directed agaihigimibfgoldppdENAPAKE) i amimmupAsuppwgssive,

15  humanized IgG1 monoclonal antibody produced by recombinant DNA technology that
binds specifically to the alpha subunit (p55 alpha, CD25, or Tac subunit) of the human
high-affinity interleukin-2 (IL-2) receptor that is expressed on the surface of activated
lymphocytes. Daclizumab is a complementarity-determining regions (CDR) grafted
mouse-human chimeric antibody. The human sequences were derived from the

20  constant domains of human IgG1 and the variable framework regions of the Eu
myeloma antibody. The murine sequences were derived from the CDRs of a murine
anti-Tac antibody. Daclizumab is indicated for the prophylaxis of acute organ rejection
in patients receiving renal transplants and is generally used as part of an

immunosuppressive regimen that includes cyclosporine and corticosteroids.

25 Basiliximab (sold as SIMULECT®) is a chimeric (murine/human)
monoclonal antibody produced by recombinant DNA technology, that functions as an
immunosuppressive agent, specifically binding to and blocking the interleukin-2

receptor (alpha)-chain (IL-2R(alpha), also known as CD25 antigen) on the surface of
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surface of normal and malignant B | ynphocytes. The antibody is an 1gd kappa
20 i nmunogl obulin containing tnurine |ight- and heavy-chain variable region
sequences and human constant regi on sequences. Rituximab has a binding
affinity for the CD20 antigen of approximately 8.0 nM Rituximab is
indicated for the treatnent of patients wth relapsed or refractory,

| ow-grade or follicular, CD20-positive, B-cell non- Hodgkin's |ynphona.

RI TUXAN(r) is given at 375 ng/m 2 |V infusion once weekly 25 for 4 or 8
doses. Trastuzumab (sold as HERCEPTIN(g) is a reconbi nant DNA-derived

humant 2ed_GRARE) e ARLIROR oA Nt SELAGLIAEL Xl B bk oA f1 T 1Y T 2

cel |l -based assay xtracel'l'utar domain o uman
epi der nal weight ¢f thapbem 12 944 lebegtoss. R isy gymprteitbtReinedfiemdertiettation i s an | gG

1 kappa that_co ins human .fra rk regions wth . the .

corp! enrent AFFL CRBCES FONEEHag SR st ehyd et B plsEi e nat bi nds
t]? HER2. HE&&EHE}&!; Bieilﬁniaﬂﬁéaﬁ?ﬁ%ﬁﬂligﬁ cl&iim@inﬁaﬁgegi&n gdney @gy1)aad mone: t reﬁt ment
of patients wt tastatic breast cancer . se nor.s ,oyer express the HER2
5 proteéin ??dy\ﬂ%ﬂgpé\‘i I ¥ iePls &epI e nET cnpesling FI&FT%%J ﬁ‘ét%bz?w\{braéb‘flﬁ%ens for their

met ast at i € sc]gli$Qa5Sthe tﬁB@gﬁEhﬂ(ﬁ_axin&ﬂn&qyﬂhfam £ th grbprBgisicr acgd 1S
i ndicated for treatnent o patients with netastatic breast cancer whose
tunors ovePERBFEsEon Hepatipmtoreesi yagrenaldriasplagasion aen wet 2f BEEeRABd chenot her apy

for their ' hak B Qgggﬁg& Q58Q8tel ninitial |oading

dose of 4 gg%gékt#gg?ﬁgu 5%§§%?%Pg§§re as gagg-ningfgﬁ%g i nfusion and a

weekl y mai nt enance f . j adm ni stered as
y %&aﬁmtﬂ al (sHHi’Jéga‘thYtg{zi@%k' TR oiBing it h‘ﬁﬁﬁq ‘P@) !

a 30-mnute infusion i e Initi di'ng dose was well Tol erated.
Al ent UAumabopeaird! aiboNPATifK for huinen wmoenesrdsisiiater (DNE). dadalipaanahumani zed

nonocl onal I . N~ I i rec . NSt 21-28 kD cel
surface gI?@g%?%%g%W%S%%%%¥H&#ﬁ%?%gﬁkﬁgg%ﬁﬁéﬁa%g%ﬁﬁggyﬂﬁlﬁ%ﬁﬁnndulating 15
ant i gen t hdérivie§ hgavgaediiglt ohdilnearmtifefregiensahd besariizGalkhppaabhstdit agtbnd.

| ynphocyt e jor.it. 0, nocytes, crophages, .and NK cells, a
subpopulat?%ﬁ%gg%gﬁdﬁﬁﬁﬂ%yéﬁﬁ,m’ 1$F§§%§§m”%?s%ﬁémﬂﬁpﬁgﬁﬁﬁF@Hﬁg??ve system
The Canpat bf shidc@tdl daahe ih sdudpatiéid witapbderibll o sot@Bhcia thalth&oitir amewor k and

constant regions, and conplenentarity-determ ning
15  arthritis who have had an inadequate response to one or more DMARDs. HUMIRA®

can be used alone or in combination with MTX or other DMARD:s.

Rituximab (sold as RITUXAN®) is a genetically engineered chimeric
murine/human monoclonal antibody directed against the CD20 antigen found on the
surface of normal and malignant B lymphocytes. The antibody is an IgG1 kappa

20  immunoglobulin containing murine light- and heavy-chain variable region sequences
and human constant region sequences. Rituximab has a binding affinity for the CD20
antigen of approximately 8.0 nM. Rituximab is indicated for the treatment of patients
with relapsed or refractory, low-grade or follicular, CD20-positive, B-cell non-
Hodgkin's lymphoma. RITUXAN® is given at 375 mg/m 2 IV infusion once weekly

25  for 4 or 8 doses.

Trastuzumab (sold as HERCEPTIN®) is a recombinant DNA-derived
humanized monoclonal antibody that selectively binds with high affinity in a cell-based

assay (Kd=5nM) to the extracellular domain of the human epidermal growth factor
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regions froma murine (rat) nonoclonal antibody (Canpath-1G . Canpath is
indicated 20 for the treatnent of B-cell chronic |ynphocytic | eukem a
(B-CLL) in patients who have been treated with al kylating agents and who
have failed fludarabine therapy. Determ nation of the effectiveness of
Canmpath is based on overall response rates. Canpath is given initially at 3
ng adm ni stered as a 2 hour IV infusion daily; once tolerated the daily
dose should be escalated to 10 ng and continued until tolerated. 25 Once
this dose level is tolerated, the naintenance dose of Canpath 30 ng maybe

initiated and a nlnlstﬁgﬁg &Hﬁ for P 0 12 weeks. In nost
patients, TEPLHZRPIEH: 0 yt}%aré ohlmppgﬁébcor‘flﬁlss Y 043ys. Omal i zumab
(sold as XEkAdvR(rk }ogidns w@thﬁf?&%dﬁﬂaﬂian%ﬁﬁ%re@@ndﬁ@rﬁ&ﬁﬁ@ﬁﬁb nocl onal
anti body that selectlvel binds to human |nununog%%bulln E

Onal i zumab(403hibe; kinds th EER2n dERCESTIN dEndigatedas sHighpaeantithoraryyon '@E r ecept or
(Fc(epsi | Oﬁéaﬁhéntg Epétﬁﬁts%frﬁé%%taﬁfz bFGEsE Carfe 81 \Ll?bsélflgxops‘aﬁ@ §}e§ﬁ_‘ thRE@Ret i on in

sur f ace- bound Fc(epsilon)Rli-bearing ce e degree of
rel easé of pm@m eandmts) hate teheV® caﬂeloemgxe@hﬁe@bmsereglmeeafonémr rmtastatlorral i zumab

al so reduc I iles in atopic
patients. %I zu%ggiﬁ; i ndi ﬁ][%glgé‘# \?m%ﬁlﬁ ?eg%ggﬁ‘g’ @a“g@egf%%%’? o(f12 years of
age and abpatiepts wiithmataschéic ateesttcmcsewmsenmmrm\&teapﬁess tthIERﬂ@erm alhve a
positive skin test or .i itro reactjvity to.a ere aerogl | ergen and
Phose syrmbbianEra SheiteaemaosSaRt ik M Gid R e desBrRats erof ds 10
Omal i zumabddsaged B ﬁmsau Qfa@ﬂgs&;e@f&rmg/l& tedstuduiieldmimiterdd 05 90-afimitd0 to 375 ny.

Ef al i zunab RAPTI VA(r)) is_ an i nmmunosuppressive reco nant humani zed 1gGl
kappa %i%ot ! I%eﬁ%a|weﬁlévnemt?rﬁawoerfaft2 wmgawwmﬁbw nk%.  Efalizumab

binds to Childgistetdds 6 3bRRNANe SHRUH if theinitif WeakY USselWHRGHIaMeaRd gen-1 (LFA-

1), which is expressed on all |eukocytes, and decreases cell surface

expression of 15 CDIALtBwuziEha qsaaﬂa@mmm@s&%orhbm%wmdeﬁ@e | to

i ntercel lular adhesi on nol ec t hereby inhibiting the adhesion
of |eukocyb@gaw@dmmmlowépmtlbpglqo@mpaﬁtl&)mis&trectyb@g&eéhthm’z‘kzﬁ nd | CAM |

cont 1| DUt el iAo {dblotdl 200 B AERAREE GhsuLbhBlBBRocesses.

i ncl udi ng activatio I 'ynphocy es to
15  antigen that is present on the surface of essentially all B and T lymphocytes a majority

of monocytes, macrophages, and NK cells, a subpopulation of granulocytes, and tissues
of the male reproductive system. The Campath-1H antibody is an IgG1 kappa with
humar variable framework and constant regions, and complementarity-determining
regions from a murine (rat) monoclonal antibody (Campath-1G). Campath is indicated

20  for the treatment of B-cell chronic lymphocytic leukemia (B-CLL) in patients who have
been treated with alkylating agents and who have failed fludarabine therapy.
Determination of the effectiveness of Campath is based on overall response rates.
Campath is given initially at 3 mg administered as a 2 hour IV infusion daily; once
tolerated the daily dose should be escalated to 10 mg and continued until tolerated.

25  Once this dose level is tolerated, the maintenance dose of Campath 30 mg may be
initiated and administered three times per week for up to 12 weeks. In most patients,

escalation to 30 mg can be accomplished in 3-7 days.

Omalizumab (sold as XOLAIR®) is a recombinant humanized
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endothelial cells, and mgration of T |ynphocytes to sites of inflanmation

i ncluding 20 psoriatic skin. Lynphocyte activation and trafficking to skin
play a role in the pathophysiology of chronic plaque psoriasis. In
psoriatic skin, ICAM1 cell surface expression is upregulated on
endot hel i um and keratinocytes. CDl1 la is also expressed on the surface of B
| ynphocyt es, nonocytes, neutrophils, natural killer cells, and other

| eukocytes. Therefore, the potential exists for efalizunab to affect the
activation, 25 adhesion, mgration, and nunbers of cells other than T

I hocytes. The reco nded dose of RAPT|VA(r) is a sin i / kg SC
cgmi ti gnﬁ%“ﬁ@@@ mg}oggg@@ntﬂmgy%p{qlvng@y h’é‘gi(%@)h&}?jaﬁ 1@1@1}1{{%&%}}8&}5“”% signgl e
dose not YREFXOREK-uthab HrMits e H%&Qngm)rgﬁ td e BRRLIRItyegbRdismnt, a cell line

of the invention is stably transfecte 31 or otherw se engineered to

express a (FéersilemBhegithsouriaee of arasisels gndibpprppils: dieduetion ippurfage-bends wit hin t he
definitio - 6ent gl 0| 1 | I odi ng the
antibodiegggﬁaﬁgggggﬁﬁgB%#gkE?Eqﬁﬁ§2%gk nQ%ggﬁgﬁgkﬁg?%%ggoﬁﬂgseveraI ways
wel | kihowallergictréspomet Trehtmeoneitiasipelciumab higo eedudeb8dinembared 5 conveniently

obt ai ned from. i_domas prepated by i ni.zi a e wth the peptides of
Ohe | monteRRISH £RHE BB IT nonte TR At R RY R tedidh &1, P

hybri doma atieitshnd qdtdasconsd (12 kemsdr g8 aidgbotd)twithshelerate 19 .sevefrsadigent et al ., ed.,
Current Pr tog&hgw%n Mol ecul.ar Bi ol o John ey &.Sons, Inc, NY, NY

) , hn W
(1987. 20075me GHPOSIGre it test TP 52O RGP ABSTON IEERALEER, vanual . 2nd

Edition, GR4 @hewRlsi Mok aﬂé@ﬁé@l@diuaté%cdnﬂrgﬁe%)MtH‘iﬁlidlé&Mo&Mst’e@ﬁ@; antibodies, a
Laboratory Manual, Cold S rbor, NY (1989); Cbllégan, et al., eds.,

) . Cold Sprin

Cur r el Pﬁb@@é@@p@bIiSﬁduqﬁ*rﬁﬁﬁeﬂngwerba%ﬁrrﬁwa@yta@ss%lsiowﬁ mgNY (1994- 2001) ;
Colligan et al., Current Protocols in Protein Science, John Wley & Sons,
NY, NY, (1997-2001)Efakzgib RAPTIAR) isapppunesepraseyeresomyinagt ef er ence. 15 I n

anti body, TEa A GT R e R AT s ) BE s D oMl ns of an
ant i body, Eftlzomeb biodsto 63¥ lartke @iphelctubehif ofdevkecyitd fynetiop anfigeaeic®-FBi- ndi ng
domai ns Ceahgh ik Broxfedh o ) 1o RIRNE, WARLAYses AIPNIASE dRLAGYoreaN De cf eat ed
15  CDlla. Efalizumab inhibits the binding of LFA-1 to intercellular adhesion molecule-1
(ICAM-1), thereby inhibiting the adhesion of leukocytes to other cell types. Interaction
between LFA-1 and ICAM-1 contributes to the initiation and maintenance of multiple
processes, including activation of T lymphocytes, adhesion of T lymphocytes to
endothelial cells, and migration of T Iymphocytes to sites of inflammation including
20  psoriatic skin. Lymphocyte activation and trafficking to skin play a role in the
pathophysiology of chronic plaque psoriasis. In psoriatic skin, ICAM-1 cell surface
expression is upregulated on endothelium and keratinocytes. CD11a is also expressed
on the surface of B lymphocytes, monocytes, neutrophils, natural killer cells, and other
leukocytes. Therefore, the potential exists for efalizumab to affect the activation,
25 adhesion, migration, and numbers of cells other than T lymphocytes. The
recommended dose of RAPTIVA® is a single 0.7 mg/kg SC conditioning dose followed

by weekly SC doses of 1 mg/kg (maximum single dose not to exceed a total of 200 mg).

In another embodiment, a cell line of the invention is stably transfected
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ol i gonucl eotides or a library of polynucl eotides containing sequences of
interest, such 20 as fromthe B-cells of an immunized ani mal or human
(Smth, G P. 1985. Science 228: 1315-1317). Antibody phage |ibraries
contain heavy (H) and light (L) chain variable region pairs in one phage
all owi ng the expression of single-chain Fv fragnments or Fab fragnents
(Hoogenboom et al. 2000, Irmmunol. Today 21(8) 371-8). The diversity of a
phagemid |ibrary can be mani pul ated to i ncrease and/or alter the

i mmunospecificities of 25 the nonocl onal antibodies of the library to
produce and ubsequently identif% additionﬁg,_Qfsir ble, h n nonocl onal
Bt bodi esd GRS EHEIoBred ek PHSSA §oT FITPOBbR Seae P GIFPUGE chai

i munogl obwhick {418 ke tRe &TRABL BYarlRICS G BiBtef@ndom y mi xed (shuffled) to
create new HL pairs in an assenbl ed i mmunogl obul in nol ecul e. 32

Additionally, eithermn@hudkt fidsh@cddimnbe dnti®batiun@peadhsr tHis eentiAnN be
nmut ageni zed in a conplenentarit deternlnlgg regi on &CDR) of the variable

regi on of ¢#de dpmivedimipverslivays wsbikppemin theart. Jlagng apseqgiie artibpdist fieened f or
desirahl e Ll tr Al b I gt J l'ibraries also
can be%cr e%{ng%ﬂ%nit}%toﬁfg&e% Ea}lg#y}{yglbdoé?ag Ef&gﬁ?ggﬁ%ﬁ%ﬁ%ﬁg %Dn@ggéh\ﬁ%gﬂr?ef r amewor k
sequences paptidésof theducnngn. ok lastiiodisn sanghustioRbtaimd sieing esy efdhd ved from human

anti body reper.toi .or through .designed variation Kretzschmar and von
Ruden 2000}}%5‘.11?1%{?%‘1% e KoM st vt %éyéu%aSgélg'G?ﬁg)&umﬂlhe posi tions of
di versity Bio®coloin MoktiledibogDiRm Wity &Bong 50, Nnalirvd®srizeot)r anewor k
segnents of the variable regjons or y .include other .than antibody variabl e
regi ons, _%mgﬂ@%e%%”%@g?ﬂ@€§9mﬁﬁH%FQEY%W394%§MOEKG§LB@¥%Bwﬁgfﬁé component s
whi ch 1gBy HASOUNE @V48F Harlohedhdaahd, BREHOdET 1BbRtTE MRS, @@ Shridgosone
di spl ay, yeast dliPIa , and bacterial displays. Ribosone display is a
met hod of HethersNat '1%35#9{%&&11; #8b, adpefuredrpiacels ip Femupokeeywtphn &Vikyepi ng t he
protein atgaghednd Ak BoRMe 1) IBA1PHGE 8 CulthiPrGOINE Flaed BBlEACE 1S
recovered by RI-PCR ( ttheé@is,l%gc. étuaL. {994, Proc.. Natﬁ.’Acad. Sci .
USA 91, 90Rbh Wileyak Sondi Nl MY, (189baWHY caeh entieelcwperperatet hensindfy f usi on prot ei ns
of the ne&ﬁ&gﬁg-associated al pha-aggl uti nin yeast adhesi on receptor, agal
and aga2, a part’ of the mating type system (Broder, et al. 1997. Nature
Bi ot e(ifgnol ogy, 15: 5%?’ Em7o}h'er convenient method of deriving the target binding portion of
the antibody, typically the variable heavy and/or variable light domains of an antibody,
these portions are selected from a library of such binding domains created in, e.g., a
phage library. A phage library can be created by inserting a library of random
oligonucleotides or a library of polynucleotides containing sequences of interest, such
20 as from the B-cells of an imnmunized animal or human (Smith, G.P. 1985. Science 228:
1315-1317). Antibody phage libraries contain heavy (H) and light (L)) chain variable
region pairs in one phage allowing the expression of single-chain Fv fragments or Fab
fragments (Hoogenboom, et al. 2000, Immunol. Today 21(8) 371-8). The diversity of a
phagemid library can be manipulated to increase and/or alter the immunospecificities of
25  the monoclonal antibodies of the library to produce and subsequently identify
additional, desirable, human monoclonal antibodies. For example, the heavy (H) chain
and light (L)) chain immunoglobulin molecule encoding genes can be randomly mixed

(shuffled) to create new HL pairs in an assembled immunoglobulin molecule.
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Bacterial display is based on fusion of the target to exported bacterial
proteins that 20 associate with the cell nenbrane or cell wall (Chen and
Georgi ou 2002. Bioteclnol Bioeng, 79:496-503). In conparison to hybridoma

t echnol ogy, phage and ot her antibody display nethods afford the opportunity
to mani pul ate sel ection against the antigen target in vitro and without the
limtation of the possibility of host effects on the antigen 25 or vice
versa. 33 Host cells The host cells described herein conprise host cells
capabl e of producing specific antibodies with defined sialic acid content

in the oli ccharide con t. . of id antibodies. .5 Unlike st genes that
are transcg‘lg%lg%napy’oeh@%rooﬁﬁ Ptﬁ?ﬁlget}é aﬁdelzéﬁ Hbe"ff)ﬂé{ng g%ﬁﬁ%ﬂlcbeesf?‘ﬂgg?ﬂzﬁ 1Y ggnes are
assenbl ed fd@hrﬁ@ﬂt&itﬁ@&ﬁéﬁﬂﬁﬁgﬁe@i@h (m%mhd%aﬁiﬁblyregs@m‘nm ed in tpe ﬁer m line.
In particular, vy chain genes are rme rreconbi nation of three
genonve. seUBIeBSEHARRRPifte i H ameaty Wreene] PERETEDS LOPIAR | of ni ng

(J) / const apdutkkizatiéeeip@BIEtiel AnliBodMbtResMso dak e ticaRakydthd@ilycliai n genes are
10 formed by joining two gene segnents; one encodes the V regi on and the

ot her Enco#Resting ¢ne o more gnag framsyerk seaneners 409 ngRancneRodewiappel ¢PRht chain
| oci- cont abdaséﬂi@weﬁ\/ec?fl?&ﬁ huﬁ%%?ﬁi%%'br@ﬁeﬁ?hgﬁfrmﬂ cIYeS LpeRAdn 00s and | 000s)

estimated to span we over 1000 us I's, by contrast, nuch
smal | er antKiashiveramdsin Rudenc208p.rrreaPrinieh raBiotephBdeeyk b3: 48-@R).onpsone 16 in
t he nouse. NSJ fi t ri.abl n n

j oi ni ng/ coﬁé‘% %’%?B%Cﬁ@ erséﬁiaﬁnoggrﬁlég&;tgg:&’é%tbgl?c c??sﬁg{qcﬁ%&ﬁs%‘?ﬁl%n&?o%cti onal gene
requires r sgawehs nfithe earidbiregens ca mdy arvthda other tCaebreiedy varlabletrégions;: cel | i n

whi ch _t he anhibod. is naturally produced, control of transcription of both
rear r alged># éwpéﬂ?i- kappa |ight chain genes depends both on the activity

0L Sphacue P0eCt {1y BBl R3S SRS h S SR AMagbbooe, Speri 1 °
Al so, a sethanantibBdCedriable etk ia rébokuncdispldyageabiadispldyd e batiefisl i n t he kappa
i ght chai gisllalg}%y%{ibo-gpriles difs;gjlerlgE iggrmethod of translating mRINAs into their cognate

proteins while keeping the protein attached to the RNA. The nucleic acid coding

15  sequence is recovered by RT-PCR (Mattheakis, L.C. et al. 1994. Proc. Natl. Acad. Sci.

USA 91, 9022). Yeast display is based on the construction of fusion proteins of the

membrane-associated alpha-agglutinin yeast adhesion receptor, agal and aga2, a part of

the mating type system (Broder, et al. 1997. Nature Biotechnology, 15:553-7).

Bacterial display is based on fusion of the target to exported bacterial proteins that

20  associate with the cell membrane or cell wall (Chen and Georgiou 2002. Biotechnol
Bioeng, 79:496-503).

In comparison to hybridoma technology, phage and other antibody
display methods afford the opportunity to manipulate selection against the antigen
target in vitro and without the limitation of the possibility of host effects on the antigen

25 or vice versa.
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enhancer is |ocated 9 kb downstream of Ckappa Thus, the hybridoma nmet hod of
imortalizing anti body expression genes relies on the endogenous pronoter
and enhancer sequences of the parent B-cell |ineage. Alternatively, nucleic
acids of the 25 present invention can be expressed in a host cell by turning
on (by mani pulation) in a host cell that contains endogenous DNA encodi ng
an anti body of the present invention. Such nethods are well known in the
art, e.g., as described in US patent Nos. 5,580,734, 5,641,670, 5,733,746,
and 5,733,761, entirely incorporated herein by reference. 34 C oning of

ant i bodyHg#mke/si c DNA into an artificial vector is another nethod of
creating host cells capabl e of expressing antibodi es. However, expression of
monocl onal ant i bodiTeshdsetslls desaribadherein qorpmes kast ¢elie eavable o1 pleduditgances of

i denti fying..high: i | i al ni b i el.ds of

nmonocl onaspgcé%{]%:%ggﬁésg‘gﬂgaé&%? cl?ﬁ%)lifl aéisdwgﬁte?tﬁg th%%?/]gé\s{a%%gn@éa%gg%t %Prs%g uced in a
host cel lantibaisf ect oma using, for exanple, a conbination of reconbi nant DNA
t echni ques and gene transfection nmethods as is well known in the art (e.g.,
Morrison, S. (1985 nSd eost geri2® thall:26RInscrByes thenscohtonuank gerionge BN expr essi on of

| tide i iety of dif t host | | known. Suitabl
A g S e R

bacul ovi rsegarstydinahisgaumdint.r Bigginlag hpavarthsin gadks arifomiel. byManmal i an cel | i nes

available in the ar{_ for expression of .a heteraol ogous. pol ptide intact
gl ycosyl gﬁ@glbbl}a{}p%p{]@rqerggl}  SSEHIER'S ERFOAR ee"ra“(?}?}%l%’ ?]@E@%@ﬂné, HeLa cel s,

baby hawqbiafngggﬂteﬁéfaxﬁ 18gibRdfihe M@&dgwﬁ&tiaﬁdlﬁ@&maiﬁ%ﬁe% agd derived cell
lines, e.g. 2/ 0, YBZ/0 (ATC CRL-1662) rat nyel oma cells, human enbryonic
ki dnéy cdpmeedby jpipmEgywo penswperesHE; gesrfneodes thierVaregion aad the othepensedess, hop &
cells, BS$fs £l nAR hn FRGLTREY o Mad om for
exanpl e, %n%(rzl(rg%% T%"S%ﬁ;gﬂ“ﬁ ar gﬁﬁc%l ]thgtl on?_l%l\/rgﬁgicsogs, ll\H/glgj(?\)\%}\%\/.eat cc.org). A
common, peghenty (@etiraiest van ketwéend 005 and B000sp estimateNsnah g over 1080 Kluch as CHO

cell's, nygl | S; 2 ce S Eih!{)( | | , ATCC CRL-10),
nouse Ltk- e@%ﬁf%ﬁ&ggﬁ’ Kﬂ%n?rg ‘(L:Cgls s?ll%%\l}e Sé%%‘n S@W&Sﬁéﬁ%l y used for stable
expr essi cppokinmed e 8@l dpouhrgenese 1€al the nbues tsemmkis@©f Gosvariable

15  gene segments and four joining/constant (J/C) region gene segments. Formation of a

functional gene requires recombination between a V and a J/C element.

In the B-cell in which the antibody is naturally produced, control of
transcription of both rearranged heavy and kappa light chain genes depends both on the
activity of a tissue specific promoter upstream of the V region and a tissue specific

20 enhancer located in the J-C intron. These elements act synergistically. Also, a second
B-cell specific enhancer has been identified in the kappa light chain locus. This further
enhancer is located 9 kb downstream of Cyappe.  Thus, the hybridoma method of
immortalizing antibody expression genes relies on the endogenous promoter and
enhancer sequences of the parent B-cell lineage. Alternatively, nucleic acids of the

25  present invention can be expressed in a host cell by turning on (by manipulation) in a
host cell that contains endogenous DNA encoding an antibody of the present invention.
Such methods are well known in the art, e.g., as described in US patent Nos. 5,580,734,
5,641,670, 5,733,746, and 5,733,761, entirely incorporated herein by reference.
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(COs-1 ATCC CRL 1650; COs-7, ATCC CRL-1651) and HEK293 are routinely used
for transient expression of reconbinant proteins. Preferred manmal i an host
cells for expressing the reconbi nant 25 anti bodies of the invention include
nyel oma cells such as Sp2/0, YB2/0 (ATC CRL- 1662), NSO, and P3X63. Ag8. 653
(e.g. SP2/0-Agl4) because of their high rate of expression. In particular,
for use with NSO nyel oma cells, another preferred expression systemis the
OS gene expression system di sclosed in WO 87/04462, WO 89/01036 and 35 EP

338, 841. \When recorrbi@l_amhg%ﬁ@@@%amﬁﬁemmt@m@ﬁﬁagv@abfia@ﬁbth@enes are
i ntroduced into mral i an host cells, the, antibodi es_are produced by
cul turing t methedet creatimghastoglls capahls ofsypratsingiantbadifst | HQwever, E¥PTesiopqf f or

expressi on gfonbddéhabittibBAEYbdhthdlaGofPSbmoeeint: 22 the ¥RARePSRALLAMY, secretion
of the antibody into the culture nediumin which the 5 host cells are grown.

Ant i bodi es &h-Prrdupiag eelblined 2nq enigining highertiplds afapingelrra prfgpodiss.andar d protein
purificatio g -ed S0 : -B11 (G

Ur | aub, kil A%%&dg%fé’the%%&b%ggé Pﬁgltﬁie.d Aca%?ké@%égﬁggm%!&ﬁﬂ& 4220) are
used for hi gtenipdsy elcompinaticmi af rgpombinentiiiwA rebriqeee atdgenamhifédtiommietidof genes
of interest i|s_epabl ed. t he 10, ncorpo i\Qn. of : ctable, anplifiable
marker, DHFR ‘ﬁé*‘ieﬂ%n%%?n%%“ Eer%ﬁm&%%%t@ﬁa?&wméfﬁ?@?. Kaut man. 1990,

Met hods Enzynol . 185;,537-566). . DHFR CHO cell s .can..be successfully used to

roduce reconbi nant éﬁﬁgmg‘”§LWVIﬁm?8@%$$mnﬁi¢£9y3ﬁﬁgkl ava?%&ﬁge ant - MCP- 1

p y P

ant i bodi es diffetdaehdsatedis afe vBd khd@n§nitdkle hésebdls indludedasterid, nanmmabine t han 200 ny
ve been used to 1? obt ai n

106 cel]s' d : variety of pronmoters h .

expres sfl ®n 8%%Fé]a‘5ﬁéliy?ﬁ%ﬁ“ﬁ§a‘f VPH%%@"‘@F@‘@%?“IS%%“‘?%?nt%%ﬁ’}fnéﬁ the b-actin
pronoter, thenituren ciMiheVhailahle itDthe bxt fdrlaepréior iof b fietB@idgbud pHlldeptidenot er
(M.P), the RSV pronpter, and a nurine | eukema virus LTR._ A nunber of

vectors for1%@%gw@%ﬁk@@?ﬁﬁﬁn%@@P@%g@P%BéﬁnﬁﬁTfﬁé(pﬁﬁaﬁﬁbuFELQWm&hich the two
g chal ns apgyaankiselaRes dHOEHI NSDAuPLaRRLAISc Ly & badaRgRgen!

sel ectabl e/ anplifiabl e rmarker. ctors 20 containing one antibody chain,
e.g. the H eBabh/0,VEURATOCRLDEPR atmyedima ceHel hamap embtyania kisepy estlsi on

casset t £ W e k| fuNaPemtSdiEletE colfs EELAR b 62381 LBsESFL LA UP
CRL-26) and many others available from, for example, American Type Culture

Collection, Manassas, Va (www.atcc.org). A common, preferred bacterial host is E.

coli.

Mammalian cells such as CHO cells, myeloma cells, HEK293 cells,
20 BHK cells (BHK21, ATCC CRL-10), mouse Ltk— cells, and NIH3T3 cells have been
frequently used for stable expression of heterologous genes. Cell lines such as Cos
(COS-1 ATCC CRL 1650; COS-7, ATCC CRL-1651) and HEK293 are routinely used

for transient expression of recombinant proteins.

Preferred mammalian host cells for expressing the recombinant
25  antibodies of the invention include myeloma cells such as Sp2/0, YB2/0 (ATC CRL-
1662), NSO, and P3X63.Ag8.653 (e.g. SP2/0-Agl4) because of their high rate of
expression. In particular, for use with NSO myeloma cells, another preferred expression
system is the GS gene expression system disclosed in WO 87/04462, WO 89/01036 and
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t 0180 ng of a humanized mAb L-1 7 day i in spinner flasks. The nethods used
for initial selection and subsequent anplification can be varied and are
wel | known to those skilled in the art. In general, high-level mAb
expressi on can be obtained using the 25 followi ng steps: initial selection
and subsequent anplification of candi date clones, coselection (e.g., in
cases where both H chain and L-chain expression vectors carry DHFR
expression unit) and anplification, coanplification using different
anplifiable markers, and initial selection and a ification in mass

cul ture, BPGPFENe rmommn@@r?xplgwuV@ﬁpﬁ@n@&mg&éﬁ MEePSdFSi dual

hi gh- ex p'irﬁl%ahdég irft Ql@l%ﬁ}ahﬁﬂﬁﬁy&ﬁs e REbSHidsQRe FhdiREd kunuhﬁg idepge the
efficiency of Hchain and L-chain expression and overal| mAb expression, «
si ngl e vedisdprsa nesod olfiansudficient égelion iahex@restipreokthpantigodniaithe koghbr essi on units
are pl ac lect abl e mar ker
such as Eﬂlé o;n%éér@ﬁ@ %b&agﬁ%‘gﬂ?}é?g% %h%ggglgg'?‘g gmuﬁ%?lg%gg}%\%ﬂs%e Ganguly, S. .
and A& Sha&tzﬂhmre@me’s@bwes @y bt eosyererefinm thegnitwe lediufrNisingncycl opedi a of

Bi opr oce T o Fer ion, Biocatalysis, and Bi oseparation. 1999
by John 3@1"‘3 qu’y‘ﬁFa“ h et et Al (1990. Bi of Technol ogy 8, 662-667)
devel oped the GS evel D [, 85,0} qgous genes in
CHO cel | s. Transfet |on o %-n:lﬂ qgk{bef%ﬁrase])s %&oﬁﬁ\mﬁ%ﬁ on a| niiﬁ% a cDNA (under

t he tranghadipt P&M toccamt. mmhd.@bl.UkﬂaAhuwzmmp axte)usaj'fdrmgh‘sﬁavah ni gene (under

the control .of the Sv40 | ate praonoter) into IIs fol | oned by

sel ect i oR™§it WO?W“W?C&H%% arﬂ%?@é% ﬁenﬁéo{}ggﬁeﬁ S eﬂ}‘i%i ﬁq ones expressing
the anti h@dﬂp@ﬁn@fﬁoﬁarbalebﬂawemmpm&ﬁablemaﬂ@k cﬂmmr@agr@@lﬂeedr@gthat of the DHFR-
CHO systens. The GS systemis discussed in who in_connection with

t
15 Eur op8¥HAopaai M REYR JoKsufgap 4890. M?B‘@S@BW‘&nWSOSQ%%G@QQ@Bd Eur opean
Patent  ARR) Lpg bR shaess%ﬁgllﬁ@a%%dﬂceﬁé%uﬂl&nﬁ@mragam§51ebad the invention

in general terns, the enb nment s he I nvention w rther

di scl ose®HER (K may prodnasgnieM&Rpt ansibodinsmythiematy of 34=¢tt9 mepASHEHS SEPARATI ON OF
ANTI BODY §PE&1 xﬁif& r%@/a 1'8'5 EéTER%'a\gFI LEVE@{ 5@%&%&%&%& 6&@&@5 e beads

conj ugate amurensi s ‘agg
obtain expression of H— and L-chains in these CHO cells, for example, the b-actin

promoter, the human CMV MIE promoter, the Ad virus major late promoter (MLP), the
RSV promoter, and a murine leukemia virus LTR. A number of vectors for mAb
expression are described in the literature in which the two Ig chains are carried by two
different plasmids with an independent selectable/amplifiable marker. Vectors

20  containing one antibody chain, e.g. the H-chain, linked to a DHFR marker, and an L-
chain expression cassette with the Neo' marker or vice versa to can be used obtain up
t0180 mg of a humanized mAb L™ 7 day™ in spinner flasks. The methods used for
initial selection and subsequent amplification can be varied and are well known to those
skilled in the art. In general, high-level mADb expression can be obtained using the

25  following steps: initial selection and subsequent amplification of candidate clones,
coselection (e.g., in cases where both H-chain and L-chain expression vectors carry
DHFR expression unit) and amplification, coamplification using different amplifiable

markers, and initial selection and amplification in mass culture, followed by dilution
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WGA (Wheat Germ aggl utinin) were purchased fromeither Vector Labs or EY
Labs. The test antibody, Abl, is a fully human nonocl onal anti body t hat

bi nds human TNF. Abl (-1-10 ng) in 20 mM Tris-HCL buffer (pH 7.0)
containing 20 nM Cad 2 and 20 25 mM MyCl12 was fractionated on a MAA-agar ose
or WGA- agarose colum. Abl that bound to the MAA-agarose columm was el uted
wth 0.5%acetic acid, neutralized with 1M Tris-HCL(pH 7.0) and then

buf f er-exchanged into PBS. This material was termed Abl MAAB. 37 After

| oadi ng the Abl anti body sanple onto the WGA-agarose col umm, the nonbi ndi ng
(T, t hr odghing to idettifp mdiradnatio ph-expreseingplondsu Beeausetdgemtigeditdsmay PBS.  Thi s
mat eri al . . . . tal ni . was washed
wth t netieceBkiaRy bk RS SR B oL B b B DB Dok

r epr esensinglg veeak hyvebeboeraded iRwhichttker tdedy-chah expredsionwaiss goplhedt ed in | m

fractions whjl e_bei ng nonjtored . asur i at .28Q.nm .The el uted
mat eri al * eHhFE%SF-V g‘i@ﬁéh&&% %@Jﬁ“‘ﬁé@iﬁ%ﬁmﬁﬁﬁgﬁmu%&wﬁke Finally, the
mat erg al DHFRl dxpRedifitcabRitt. NBorGeéwidMse idaauly, e aNda NS g manaBxRéssibgd Wi th 200 v

G cNAc sqglution and_the sanpl e was buffer-exchanged into PBS. This materi al
was ter nﬁzﬁstmmmmhamle%{rrmwﬁﬁ%d@ﬁé§tqpm?§%srvclgrwéqu's%§m$@a%md that the

subl et s_glocAllybis dud pitdseston oty bpIdisyleySt sbic 1iacl O contents (see Tabl e
1), ranging froma high of 43% for Abl Btoalowof 29%for Ab 1 WGAT.

Anot her bai ch of uniidi &iaed1o8!i88cHARI0BAESRY- €7 BElclabeditls mobi i zed
wheat germ a%gl utinin ( ) lectin. The flowthrough fraction and a weakly

bound f r &t r Wgh devebiepeassivmeldicterolegons ainas RIMQ nellsa Tomsfeatioplobtred gl ycans,
res ti : r I - : Y&he AdnpAnot her
ant ﬁ?ﬁNFg’%%éSlxgg%tgmﬁiogﬁﬁ%{ nt gﬁfi@‘“@%&@%ﬁ%@é@ﬁ%n onﬁé was first
treat ed piohiotegpdndat@Smint ganes iielenthe comdropofahaB€4d latd promatendito€yICat ed mat eri al
prior t um, fractionation esul ti LN a,lar a nt of ;
Ab2- GT- Eé\gﬁa(ﬁog!oged Eﬁﬁﬁq‘r‘&la%’%?&@?“ %@BWWE Pb?ﬁée%gﬂﬂe en recogni zed by
Ab2 is t blensanpressing thauntidoditosf tikiAvendatlingiel@ioinphbletty pat ¢fald i - 1 d) anti body .
&Ez%-?loéﬁglﬂal\? édoi L %ng? ﬁlhg 8& Isy_/slte?nzi's disclzzligéel\épi% I\%Vh%le OEIEI%l(mEIngieclt\{gﬂNﬁL CATION OF

15  European Patent Nos. 0 216 846, 0 256 055, and 0 323 997 and European Patent

Application No. 89303964 4.

While having described the invention in general terms, the embodiments

of the invention will be further disclosed in the following examples.

EXAMPLE 1: LECTIN-BASED SEPARATION OF ANTIBODY SPECIES
20 WITH DIFFERENT LEVELS OF SIALIC ACID

Agarose beads conjugated to MAA (Maackia amurensis agglutinin) or
WGA (Wheat Germ agglutinin) were purchased from either Vector Labs or EY Labs.
The test antibody, Abl, is a fully human monoclonal antibody that binds human TNF.
Abl (~1-10 mg) in 20 mM Tris-HCI buffer (pH 7.0) containing 20 mM CaCl, and 20
25  mM MgCl; was fractionated on a MA A-agarose or WGA-agarose column. Abl that
bound to the MA A-agarose column was eluted with 0.5% acetic acid, neutralized with
IM Tris-HCl (pH 7.0) and then buffer-exchanged into PBS. This material was termed
Abl MAAB.
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SI ALYLATI ON OF ANTI BODI ES To gal actosyl ate purified anti body sanples via
enzymati c nethod, bovine (3-1,4-galactosyltransferase ((31,4GI) and UDP- Gal
obtained fromSigm 25 Chemical Co. (St. Louis, M) are added to the

anti body sanpl es. Reconbinant rat |iver a-2,3-sialyltransferase (a2, 3ST),
recombi nant a-1, 3-gal actosyltransferase (al,3GI) and CMP-Si a were obtai ned
from Cal bi ochem (San Di ego, CA). PNGase F was obtained from New Engl and

Bi ol abs (Beverly, MA) or from Prozyne (San 38 Leandro, CA) or from Selectin
Bi oSci ences (Pleasant Hill, CA. (3 Gal act osi dase and (3 gl ucosam ni dase

from Di pl ococcus pn%‘@%aéﬁg\fﬁrﬁbl | ned%éﬁg%% @g a?ozs¥ r from

Sel ectin Bi oSci ences e( act'osidad y an ’I ot her
enzynes wete nenmﬁthngﬂrdm@pﬂmnmas édilemcﬁmidemfﬁeneﬁhm@edﬁm@%s NAP- 5 and

HT 5 Ph (,Pi t , NJ). Al
olt h;?preag ?e\%@r\gé)s&%nq% vgg GQI[FOSJP% ‘.r‘mn%(’:fl’ grh “@aﬁ‘ IV?%S&?QF osyl a% ed

form (ter rmﬁth@m)m@ﬁufm ab d%bed&b@x&&h@dnﬁ&utﬁ@raﬂﬁbcﬁﬁ @preditibglveddy i body t hat
| acks Fc i mmu e effector function, This variant was prepared by taking Ab |

(-10 ng i n®Qung (Rurerdeplmsiensl yas cobigstednin NEKTachoR v hils bemgponigyeddig t r eat i ng
it with 100faddrigd OBNEBSE®n . Ghe ddted frﬁfen@l‘%valgguff&uex@ﬁﬁgg@ﬁlto #ig sgot of enzyme

was added and the i ncubation was conti nued an additional 24 hours. The

degl ycosy| &raed Abl Wies-Rp diinafly cbie matera sgll Wlmﬁiéfpﬂlplc@ltdémr@ftﬂ e wasngand
formul at edvdlg/gélﬂtef @ﬁh BO it eﬂcNdABcesoﬁﬂQn &Id%ﬁé)gaﬁ{pm n d dEJf’E{ﬁE ke by

MALDI - TOF- to conlrmthe cosylation nto the
| abor at oryPBﬁnThahateedl\Mstmpat’oatWGAB HRb Csnb nessspeetatmateylahglygs f f ering in

| f “hat | t |
compardd. T HINRDe A S Bf EOL AR D Pl B SR PR er T Tl Fom ¢ ne
original o} rax@mglﬁmhfaa}ulglexmmgﬁekbﬂ MAOAPBS lokwfanyd gEab hiv@aTonal Abs, Abl
d Ab3, h di f t.h t. of Fe
2|nal yl ati o;%?mt ﬁ%’%?cg %‘ﬁge%&t gga‘fv‘f’? I %glé € Pf!f’g?fr%‘g}??i’iszﬂwb%f)gg@ses used to

prepare t hegplgthid (vwmyiwe@d The floRethfoapk fradtios bnd £vkaldly Péind fhbgon e Vari ant s,

Abl -20 and Abl -29, contained 20% and 29%
determined to contain 29% and 41% S1a1y1ated glycans, respectively, and were termed

15  Abl-WGA-29 and Ab1-WGA-41.

Another anti-TNF Ab, Ab2, which contained about 5% Fc sialylation,
was first treated with galactosyltransferase to prepare fully galactosylated material prior
to WGA column fractionation, resulting in a large amount of Ab2-GT-WGA-5 and a
small amount of Ab2-GT-WGA-67. The antigen recognized by Ab2 is the same as that
20  for Abl, and an anti-idiotype (anti-Id) antibody recognized Ab2 is termed anti-Id2.

EXAMPLE 2: ENZYMATIC MODIFICATION OF GALACTOSYLATION AND
SIALYLATION OF ANTIBODIES

To galactosylate purified antibody samples via enzymatic method,
bovine p-1,4-galactosyltransferase (31,4GT) and UDP-Gal obtained from Sigma
25  Chemical Co. (St. Louis, MO) are added to the antibody samples. Recombinant rat
liver a-2,3-sialyltransferase (a.2,3ST), recombinant a-1,3-galactosyltransferase
(21,3GT) and CMP-Sia were obtained from Calbiochem (San Diego, CA). PNGase F
was obtained from New England Biolabs (Beverly, MA) or from Prozyme (San
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P

sialylated glycans, respectively, and Ab5 variants, Ab5-20 and Ab5- 26,
contained 0% and 26% si al yl ated gl ycans, respectively. OQherw se, nenbers
of each pair had the sanme am no acid sequences, the sane |evels of Fc
fucosyl ation and bi secting G cNAc 25 content (MALDI-TOF nmass spectronetry
anal yses), and the sane |low | evel of Ab aggregates (<I% by SEC- HPLC

anal yses). A summary of Ali and Fc-containing protein preparations used in
the various bioassays and the manner in which they were derived is
summarized in Table I. 39 Table 1. Summary list of test Fe-containing

Bt body SFERGY 6D B Fom ABieoth BIoSere= e Fats PRIeBot BB1 unimod 11 ed
29 in ori Gigﬂﬁbsaixﬁﬁiﬂ&kleEfFoirrPDipld%%cH.gﬁ;leuthe wérd oblaflell GroaCditlen@bznd Abl Gno

N. A. enzymatical ly deglycosylated AblPBS 29 unnodified, buffer-exchanged
into PBS pbifrer2§el2@inBivbeierces i falSrlactagidage framibavine kidbévmdBllgogebound 'to MAA

l ectin colum __Abl 32 und M@Q‘ eGcl.iH.colu yﬁﬁﬁ 40 retarded

by WGA | eCEPNE PG “EETWE%?W§§°%§%se e%ﬁ@%&%I“Véhquéégﬁ col thm

Abl - WBAR- Aibtefd Arceluame edrefyorv\E#ferinecis Bivtech [ RismatawAl | NIGAT-o2@r Aagpassed t hr ough

WGA | ectin c?qun.Api gﬁ 0 enzymatically nodified to full gal actosyl ation
of analytical grade.

were

An enzymatically deglycosylated form (termed Gno) of Ab1 was
prepared to serve as a control antibody that lacks Fc immune effector function. This
variant was prepared by taking Abl (~10 mg in 1.0 mL of buffer) in 100 mM MES

10 buffer (pH 7.0) and treating it with 1000 U of PNGase F at 37°C for 24 hours. Another
aliquot of enzyme was added and the incubation was continued for an additional 24
hours. The deglycosylated Abl was purified using a HiTrap Protein A column and
formulated into PBS, pH 7.0. The Gno glycoform was characterized by MALDI-TOF-
MS to confirm the deglycosylation.

15 In addition to the laboratory manipulated Ab preparations, Ab sublots
naturally differing in sialic acid content, referred to here as ‘natural variants,” were also
compared. The unmodified antibody was termed Abl PBS after material from the
original lot was buffer-exchanged into PBS. Human IgG1 monoclonal Abs, Abl and
Ab3, in which members of a pair differed in the extent of Fc sialylation, apparently due

20  to the different production processes used to prepare them (but produced by the same
host cell type). The Abl variants, Ab1-20 and Ab1-29, contained 20% and 29%
sialylated glycans, respectively, and AbS variants, Ab5-20 and Ab5-26, contained 0%
and 26% sialylated glycans, respectively. Otherwise, members of each pair had the
same amino acid sequences, the same levels of Fc fucosylation and bisecting GlcNAc

25  content (MALDI-TOF mass spectrometry analyses), and the same low level of Ab
aggregates (<1% by SEC-HPLC analyses).

A summary of Ab and Fc-containing protein preparations used in the

various bioassays and the manner in which they were derived is summarized in Table 1.

39



Abi &S2(hi) 95 enzymatically nodified to &S2 Abi &XS2(l10) 33 &S2 t hat

| ost nost of the sialic acid Ab 2 - - anti-TNF human 1gG | anti body Ab2
unnodi fied 5% unnodi fied used in FcyRI  binding, Fig. 6 Ab2 & 0% nodi fi ed;
used in nouse PK study, Fig. 8 Ab2 62S2 -90% nodi fi ed; used in nouse PK
study, Fig. 8 Ab2 Ala-Ala not nutant anti-TNF that |acks relevant affinity
for FcyR Ab2 GI-WGAT 5 passed through WGA lectin colum Ab2 GI-WGAR 67
gal act osyl ated and bound to a WGA | ectin colum Ab3 - - specific for a
cytolcine subunit 40 Ab3(lo) 2 natural sialic acid variant Ab3(hi) 42
natural sialic acid variant Ab4 Ab4 - nouse I1gd (lacks affinity for human
FcyR) Ab5 Ab5 Binds heterodineric cell surface receptor Ab5-0 O Natural

gl ycosyl at Tsple ¥.Fuindfidry 1P6F 126 F%f‘cohmrﬂﬁg'ibrogéwscmgmﬁbmgé_amh@m FcPl - -
Fc-contai ning, non-Ab protein_ FcPl _unnodified unnodi fied, for PK, Fig. 8

FcPl G&2S2 |- F8rembdi fi e SpecBzS@xiator| PK,%Fi g. Description
antibody sialylatio
n
Abl - - " anti-TNF human IgG1 antibody
Abl unmodified, 29 in original formulation, natural
Abl-29 sialic acid variant
Abl Gno N.A. enzymatically deglycosylated
AbIPBS 29 unmodified, buffer-exchanged
into PBS
Ab1-20 20 natural sialic acid variant
AbIMAAB 43 bound to MAA lectin column
AbIWGAB 32 bound to WGA lectin column
AbIWGAR 40 retarded by WGA lectin column
AbIWGAT 29 passed through WGA lectin
column
Abl-WGAR-41 41 retarded by WGA lectin column
Ab1-WGAT-29 29 passed through WGA lectin
column
Abl1 G2 0 enzymatically modified to full
galactosylation
Ab1 G282(hi) 95 enzymatically modified to G2S2
Abl G282(lo) 33 G252 that lost most of the sialic
acid
. Ab2 1 - - anti-TNF human IgG1 antibody
Ab2 unmodified 5% unmodified used in FcyRI
binding, Fig. 6
Ab2 G2 0% modified; used in mouse PK
study, Fig. 8
Ab2 G282 ~90% modified; used in mouse PK
study, Fig. 8
Ab2 AlaAla not mutant anti-TNF that lacks
relevant affinity for FcyR
Ab2 GT-WGAT 5 passed through WGA lectin
column
Ab2 GT-WGAR 67 galactosylated and bound to a
WGA lectin column
Ab3 - - specific for a cytokine subunit
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8 The test sanples all contain human 1gd@ hinge, CH2, and CH3 domai ns. Abl,
Ab2, Ab3, and Ab5 are nonoclonal 1gG Abs with human 1gG and kappa constant
regions. Ab 1 is a fully human Ab specific for human TNF and Ab2 is a 5
nmouse/ human chimeric Ab specific for human TNF. Ab3 is a fully human Ab
specific for one of the subunits of a heterodineric proinflammatory
cytokine. Al four Abs were expressed in transfected Sp2/0 nouse nyel ona
cells. Ab5 is a fully human antibody directed to a subunit of a

heterodi meric cell surface receptor FcP 1 |s a dineric fusion protein

conpri si ngrthe—human—tiegd THEEN g GAH II(QU %amlmy% ratnsT— Q2
g| ycof or s Lwere-pr-eparle Vi cnhl ect ng laG-s ac .1 n MNES ‘)uf fer (pH
7.0) (-10 hg in 1.0 m| OBk fer) th 50% |1} MY RIS FRYRT 5 | of

UDP- Gal , ahdA® nol of |MA&#2 at 37C for 24 hour@OusﬂﬁgﬁlhéPCkalafﬁqmoforof enzyme
and UDP-Ga| was added |and the m xture was inchaand@yBdr an additi opal 24
hours at 1b BWC. The riegelsact osyl at ed | gG sahpBiass weradinguit icdll sefadgSiing a

H Trap protein A colum. The oligosacchari desecemore rel eased by PNGEase F and

characteri ged by W\/ALIJ -Alggtcywb and by HIfJL(, as gmrgme@laa@i@wam The| XS2

| ycof or m was—rade—by—bt f rgG—fant es—t o) FICI H7.0
?-Ylo ny |VJ___ 0 gi hnué gr6\ gncjgnn I\IAE? co Natdﬁ{f}l}%gé l Y&l Pjyl 41 'Eﬁe )
manuf act ur erf€l suggestled pr ot ocol . To this s IE&‘?"BW‘I‘W@[@“‘ d’é%e”SO mlliunits
each of (B1, 4Gl and clcZBShmdificd pnol Seach| ofrupRi{ighifor PRMEgS a ( NANA
i somer), apd WMhCI2, The&cm &is2r e was i nogbat Edmadified 46.G288, T ler PRAFIHOUr S,
anot her al |quot of enzynes was added al ong wst h the nucl eoti de suégars and
the m xture i ncubated for an 5 additionar 24 hours at 37C. The &ZS2
gl ycoform of 1gG sanples were purified as described above. For one

particul ar Abl &S2 4rﬁ’ét\est hQin hubhAG I%(',?F}hﬁg% @PIQdaanﬁ-B do‘P{?a%lso” ginally

attached was subsequently ost uring stor possi b

cont am nat g, %2 Abdzané AbAraat yorerlabiged ishvath foumap IS@D/@IMkaPPPe Fc
ol i gosacchggi tsreglian A?Al £ ﬁﬁlcylh(a)naﬁ QR Bécﬁ?c%msﬁtellufncﬂ\?fgm aghgreas -95% of

ol i gosacchari
5  mouse/human chimeric Ab specific for human TNF. Ab3 is a fully human Ab specific

for one of the subunits of a heterodimeric proinflammatory cytokine. All four Abs
were expressed in transfected Sp2/0 mouse myeloma cells. AbS is a fully human
antibody directed to a subunit of a heterodimeric cell surface receptor. FcP1is a
dimeric fusion protein comprising the human the human IgG1 hinge, CH2 and CH3

10 domains.

G2 glycoforms were prepared by subjecting IgG samples in 100 mM
MES buffer (pH 7.0) (~10 mg in 1.0 mL of buffer) to 50 milliunits of B1,4GT, 5 pmol
of UDP-Gal, and 5 pmol of MnCl2 at 37°C for 24 hours. Another aliquot of enzyme
and UDP-Gal was added and the mixture was incubated for an additional 24 hours at
15  37°C. The regalactosylated IgG samples were purified using a HiTrap protein A
column. The oligosaccharides were released by PNGase F and characterized by
MALDI-TOF-MS and by HPLC as described below.

The G2S2 glycoform was made by bringing IgG samples into 100 mM
MES buffer (pH 7.0) (~10 mg in 1.0 mL of buffer) using NAP-5 columns according to
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10 &S2(hi) contained sialic acid, The glycan structures of the Ab
preparations were analyzed by various nethods. To perform MALDI - TOF- M5

anal ysis of intact 1gG Abs, 19gG sanples were brought into 10 mM Tri s- HCl
buffer, pH 7.0 and adjusted concentration to -1 ng/nL buffer. About 2 | of

| gG solution was m xed wth 2 sl of matrix solution (the matrix 15 solution
was prepared by dissolving 10 ng sinnapinic acid in 1.0 m of 50% ‘
acetonitrile in water containing 0.1 %¢trifluoroacetic acid) and 2 nl of f
this solution was | oaded onto the target and allowed to air dry i
MALDI - TCHe Wenyéetuege’q amgge%tedwptﬁ@olaw&wa@émomerq added Yhmptiurits @mhAp plied

Bi oSyst e ( | of rel eased
Fc gl yca@l’{%@@@%%qd@ "E‘?‘};%&%? lblvéreng a 1%%AN§ Imrziff&

gl ycosy|l BnCiyn The agktiengss invabaedlit GEE eﬂcftewz& Rour§Nsther afiqudt o0 MM Tri s- HC1
buffer (50 for 4 hour 37C. est.ion S stopped by
aci di fyi fﬂ}y’g‘ﬁ%wg F‘??}ﬂng(ﬁv it {}]‘F B“ﬁ?ﬁ(’?he W/SSQE&&]F@ @fednﬁuba@g?‘)r 4nd t hen |
passed t fidaughl ﬂ}feﬁi—sla@m"@quna@gsz gl@@df&ncmgma@aem&@ruhﬁgmr eviously (Papac |
et al. 1996; Papac et al 19 These sanpl es

cont ai ni fkgcabediaRevsr gobf’n%“ﬁéﬁaﬂ‘i\éf @I%i lﬁévﬁbﬂ QZS(%{I?@&@&@@%M et were anal yzed 1
by MALDI wlg):ngl}ﬁllb Qttgé?x@d Q’Qﬂuﬂe\ﬁ@entl?%t dﬂﬁ'ﬂl@tsfo}’a%e dﬂ)@Slﬂ?@ﬁ@ to £S descri bed i

el sewhere (Papac’ et ) 6;" Papae et u et al., 2000) using |
a Voyage¢0nmnnatsngrsuhém ﬁndmeﬂﬁi}@weéalamrd%@frﬂie(l*bmg@acch@ldey in CA). 42 HPLC

I t 50 10 mM
Tris” hor ARl ePE R YRR AR e SRR L B RSP R S5 P
Der invat i Gas2(bi caftaihéiksialelaedsed ol i gosaccharides with anthranilic acid

(2-am nobenzoic acid) was carried out as described (see Anunul a KR, Anal
Bi ochem 2000 Jul Bxek@c%s’:‘(uﬂn)neﬂfﬁs)kb pBrpamatibns, wae smdlyred by varfoud % sodi um

acetate' 3 s (Wlv) i th I s prepared first.
The deri {}lﬁl_%?‘}sa\% o‘%‘? ﬁg B@#&\?\g@}g% ]g'Flé\éviﬂn%?C{ %pg%};fr @E?W%Sg‘gﬁq ving -30 ny
of ant hr emuglt ¢nta¢¢) dM Al BffaH 7.8 @nd@lj@tedsotdadiuticano aaymbydr i de
(Aldrich) in 1. of _net hanol - sodi um acet at e-borate solution. 1gG derived

ol i gosackWHiri 6@%“(249 Omﬁﬁ soliiop aspixsd Wil 248 oEPptriespRiian Chemairikh 0.1 M of

the 15 solution was prepared by dissolving 10 mg sinnapinic acid in 1.0 ml of 50% acetonitrile
in water containing 0.1% trifluoroacetic acid) and 2 mi of this solution was loaded onto
the target and allowed to air dry. MALDI-TOF-MS was acquired using a Voyager DE
instrument from Applied BioSystems (Foster City, CA).

To perform MALDI-TOF-MS analysis of released Fc glycans, IgG

20  samples (~50 pg), before and after in vitro glycosylation reactions, were digested with
PNGase F in 10 mM Tris-HCI buffer (50 ul) pH 7.0 for 4 hours at 37°C. The digestion

was stopped by acidifying the reaction mixture with 50% acetic acid (~ 5 pl) and then
passed through a cation-exchange resin column as described previously (Papac et al.,

1996; Papac et al., 1998; Raju et al., 2000). These samples containing a mixture of

25  acidic and neutral oligosaccharides were analyzed by MALDI-TOF-MS in the positive
and negative ion modes, as described elsewhere (Papac et al., 1996; Papac et al., 1998;

Raju et al., 2000) using a Voyager DE instrument from Applied BioSystems (Foster
City, CA).
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10 anthranilic acid (AA) reagent solution in 1.6 m polypropyl ene screw cap
freeze vials wth' O rings (Signa) and capped tightly. The vials were
heated at 80C in an oven or heating block (Reacti-Therm Pierce) for 1-2
hours, After cooling the vials to room tenperature, the sanples were
diluted with water to bring the volune to -0.5 m. Derivatized

ol i gosacchari des were purified by using NAP-5 colums. 15 EXAMPLE 3: BI NDI NG
TO LOW AFFI NI TY CELLULAR FC RECEPTORS O the several types of Fe-receptors

on effector cells, Fcg,,,,m types Il and IIl are considered | ow or
intermedi ate affinijpy paracld G y be of too
|l ow an affinity to g ngﬁg Stl% %;ét versyx e%p(Pg f%fg F%?E)%g dm

mononeri ¢ Y& i mM”Fnys-H@l lﬁtfﬁpamﬁﬁ pﬂ)ygj& 0 WithiPNGase B atA 7€ fard-§ hctuns rreasur e.

These 20 r ce tor.s f hon t bi n whi.ch due to their
nul tival e g F‘ eh{f eﬁfﬁd 5?/1"’1 %néggu%tgﬁﬂ%w&ﬁé ($3mEno0eRaRot f rate of
t he conpl exid) wummmzamstrﬂmdtttaemmﬁm@mmﬁqm&ﬁe& 2s00tae only Fey
receptor, were used in two i ndi ng assays to test whether

T Sons SN IT ). ey utahEin of 4 SR ALt DR OHFY S bbITE me (o ¢ hi s

| ow-af f i nigey( Wm%ﬁ!ncﬁ%@?ﬁe dred ﬁr@t Oﬁfe%bﬁva%%tﬁﬂfrédggﬁt%k ity of binding
to FcyRII A, which has low affinit mononeric | gG inmmune conpl exes were

pr epar ed tyenatediby gisselying FRE mged ent BIIIWQIﬁ(Mdﬁﬁﬂ@h%ZQ ®g ofpdivmy a 2: 1 nol ar
ratio, @Eﬁoﬁﬁ}oﬂ%d\gﬁﬁﬁg@% 1%0%nl B Hanél%&ﬁﬂtnyac&tﬁt@%% ?@R‘t\ﬂfoﬁ Og fr ee 43 Ab

or free T on i mmine conpl exes was Tlustrate
radi ol abel@dveﬁbﬂlgedaodanmsr(aﬁ ngpol ip 20456 pﬂ(éﬁ&atcréms rmaed th Odenled thebl e at

concentrat]j g u t F.c exes i ficant

bi ndi 2% at™0 ﬂ‘ihca% n@“b‘g)d rmmlgﬁo%ﬁg' poéypfﬁ;r%penfs reoﬁa%l ge& %gapsf ormat. Two
sets of | oGt @f‘rung (Sipmp) em:e&ppﬁtghﬂpr @lmmﬂdwem hleﬁbdahte&ﬂ%cmmi @x%n opnt ai ni ng
the human | g3 .anti od. 't Iev sp co | exed to an anti-V
regi on speb(??tlntg(ﬁ?f%r& ; aﬂl‘?ﬁ“% §°° fe4°%onpl ex, a
chimeric rewmgshieRadhe é\tmptest»hertaatm&t@mm/wmegb@ﬁﬁ tkdetvblumérf&ﬂo skgG 1 and | i ght
chai n kappa constant gl ons was i.dinated using ICDOGEN reagent as 10

pr evi ous| YWH&aEsed gl %PSG pres weste nurified Byyepng NAabP-p golupgens nonoci onal Ab

specific for the
15 EXAMPLE 3: BINDING TO LOW-AFFINITY CELLULAR FC RECEPTORS

Of the several types of Fc-receptors on effector cells, Fcgamma types II

and 1II are considered low or intermediate affinity receptors. Generally, monomeric
binding may be of too low an affinity to be detected or at very low levels. For example,
monomeric IgG binding to Fegamma type I1A is more difficult to measure. These

20  receptors function to bind immune complexes, which due to their multivalent nature

bind more avidly, presumably due to a slow-off rate of the complex.

Human K562 cells, which express FcyRIIA as the only Fcy receptor,
were used in two types of binding assays to test whether variations in sialic acid content
in the Fc glycan affect binding to this low-affinity human Fcy receptor. To obtain

25  sufficient avidity of binding to FcyRIIA, which has low affinity for monomeric IgG,
immune complexes were prepared by mixing anti-TNF test Abs with homotrimeric

TNF in a 2:1 molar ratio, a ratio that was shown to result in only trace amounts of free
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V region idiotype of the hanmster-human chinera, was then mxed in a 1:1
nolar ratio in PBS for 30 mn to allow formati on of radiol abel ed i mune
conpl exes. The rat anti-ld was shown to not contribute to FcyRII A bi nding
directly as when conpl exes were nade w th the degl ycosyl ated hanst er - human
chinmera, little binding occurred; whereas, 15 conplexes with unnodified
chinmeric At showed high levels of binding (data not shown). In addition,
there was no detectable cross-reactivity between the agents used to nake

t he separate i mune conplexes whi ch m ght indicate that one i mmune conpl ex

m ght bind,to.th ne col | ex For the test

conpl exes%bs(i zgreF?Ngcﬁg \c}?ﬂﬁ IEBII&B’I& é\gslgxwgggg V%mc}waﬁl hunman TNF
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t enper at uMB ‘:fbl‘g/@’é)%”t conp e"ﬁﬁ@h‘%‘@BS‘@F‘ ‘é%(“b V‘F‘Wﬁﬁ{\gbz %{H‘E ®es of Abl
natural vapiggks) W th 20 and 29 percent sialic acid were conpared to each
other. In a second set of experinents, Abl - 29: TNF conpl ex was conpared to

the legtin colum @;m;%ﬁén Bfn%ﬁ%rf&&ﬂa@”rvﬁmets G GARMMNE c6RPRk& werkn both
cases, the control conplex was F where the antibody has been
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r adi ol abel corrp ex was yi ng anounts o? t he test
ant i body d¢lnipbaed amplmea clumbmesdnmlonahduwthtlmntswe\kﬁe@ns edth|lwmgach t hat

cach ve | JESLANSE OB SRR AL S0l U DR EBREY, ! ooy
unbound Alpravmmsi\yeidschyed/\ﬁ@hgm gt 3., 1998 Awatt IgGlzathbhoc'ﬁﬁfaFBB,spemfnb fohte nunber of

5 counts und t erm ned using, a ga Resul t s.

| ncr easi ng’ BEGHA %tyBefOfﬁ'ﬁ‘f %%Feé (e da qh?ﬂlﬂ‘é%?pfg S‘“ 0P easi ngl y

i nhi bi t ed pESoi I(gmhb’totaﬂlerf@x‘ihaﬂb@bﬂa&t@labﬂmliﬁ@n@ﬁfl’:BiIl@PéxesThﬂleSrhtaénth aci d
variants, unnodified Abl (29% si al yl ated) and Abl MAAB (43% si al yI at ed)
showed t M S te Rtossibyiertn FeyRdlAvbipding Higaetly as Whenqompiaresersaaide equi r ed at
5 to 10- fﬁxk Abfh 9&% Iye ésgrla‘%&ﬁﬁﬁﬂét %hﬁﬂsckﬁrﬂéw HRE GRIR R¥cuMelD wWhlfead, €S5S

sialylate to pro uce
15 complexes W1th unmodified chimeric Ab showed high levels of binding (data not

shown). In addition, there was no detectable cross-reactivity between the agents used to
make the separate immune complexes which might indicate that one immune complex

might bind to the other immune complex (data not shown).

For the test complexes, sialic acid variants of Abl were mixed with

20 human TNF homotrimer at a 2:1 molar ratio (shown by light scattering analysis to result

in the very little unbound Ab plus unbound TNF) in PBS at room temperature for 30

minutes. In one set of experiments, complexes of Abl natural variants with 20 and 29

percent sialic acid were compared to each other. In a second set of experiments, Abl -

29:'TNF complex was compared to the lectin column enhanced preparation Abl —43:

25  TNF complex. In both cases, the control complex was Abl-Gno:TNF where the
antibody has been enzymatically stripped of glycan.

Human K562 cells were seeded at 3 X 10° cells/well in 96-well plates in
IMDM, 5% FBS. A fixed amount of the radiolabeled antibody complex was added to
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sanme extent of binding to FcyRII (Fig. 4A). For the natural variants of Ab 1
differing by 9%sialic acid content (20 v 29), the difference was about
4-fold higher avidity for the less sialylated preparation (not shown).

Thus, the presence of the NGNA i soner formof sialic acid, as a result of
reconbi nant expression in a nurine nmyeloma host cell, 15 on this human | gG
reduced the avidity of the i mmune conpl exes for human FcyRII. Binding of

i mmune conplexes to the K562 cells. Abl test sanples were mxed with
1251 -1 abel ed human TNT in a fixed 2:1 nolar ratio, and then varying anounts
of the restyingiepguptiatithe t@baqﬁibedy codéed and t® cxmb'@sd K&62added td the KA6a 96- wel |

b1 20° OB firh B TROLER A0n gl it EDLePARL D) EREL B BRI 1

si al yl at edtitddy chmpks. iHehplate h/efeeﬁlsmﬁteﬂdﬂof W 6-184 Holnrst fted’nj, ghéxywmb]al yl at ed

vari ant bej ng,required fold hi an e

asi al yl at“B%O“gdolﬁ%qrr‘?fnof’%i g’éﬁ’l g\'f"ég ?ﬁ@%é{‘gﬁgm 33331%]{;5‘ 3&5% Q? 4B). These
resuld s icoghtciugd toas cdlib etemasaneRg@fcatnif O, | soner of sialic acid,
introduced by in vitro enzymatic m)dlflcatlons reduced the avidity of t he

25 antibody for hmmtfﬁwﬁlaémg\mh&mmwba&i@)ﬁﬁpremlaﬂtnahmﬁcb Rxéseduction in
binding affinity to the targ (TNF), thereby causing the Kb TNF conpl exes

to be |es%cresaﬁla$wénhﬂag¢d blfnélﬂ’tgchYﬁ]& ragiglabgled iRy §pruplee E}éﬁ%‘thér‘i‘ﬁldr egion for the
Fe- r ecepty@fiantOfinRifled AP (%A,Qaawiat&g ah@AEPMM&IﬁQMBMa{eﬁ) shb@e@nal yze Ab

binding to FcyRIIla on natural | er cel himan” PBMCs were i sol at ed
as descrlﬂnﬁéﬁleampléx with dhetrhere hlghl& sm@éatp@Ab\g/ia@rqqglmdaqtédo 10-6nd MBMTs by magneti c
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Do s oy Dy e AE Ty 28 e Slterttd e o SR e oy o i xed vt
varyi ng angesdtilydhedibmibaion thdt EREY.1 TIRls, B picbentdVBivhe N@%AFﬁ&nand the Ab
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i odi nat edors siabie peid, aga result of fepripiizang erpagssigETin puris Ryedorahipst ¢88n “unbound |1 gG
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Binding of immune complexes to the K562 cells. Abl test samples were

mixed with '2°I-labeled human TNF in a fixed 2:1 molar ratio, and then varying
amounts of the resulting immune complex added to 3 X 10° K562 cells in a 96-well
culture plate. A comparison of Abl G2:TNF complexes (non-sialylated Ab) vs Abl

20  G2852(hi):TNF complexes (fully sialylated Ab) showed that the fully sialylated Ab
bound with much less avidity, with the highly sialylated variant being required at 10-
fold higher concentrations than the asialylated variant to achieve the same degree of
binding (Fig. 4B). These results indicate that the presence of the NANA isomer of
sialic acid, introduced by in vitro enzymatic modifications, reduced the avidity of the

25  antibody for human FcyRII which could be attributable to a reduction in binding affinity
to the target (TNF), thereby causing the Ab:TNF complexes to be less stable, by

reducing the affinity of the constant region for the Fc-receptor, or both.
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U- 937 cells (not pre-treated to enhance FcyR expression) that had been
cultured in RPM 1640 nmedi um suppl enented with 2 nM L-glutam ne, | nM sodi um
pyruvate, and 10% FBS (U 937 nedium) were seeded into 96-well plates to have
3 X 15 105 cells per well in 50 I of U937 nmedium Ab2 (human 1gd) was

| abel ed with 1251 to a specific activity of 17 G/g. The iodinated Ab2 Ab
was pre-m xed with varying anounts of unl abel ed conpetitor Ab2 sanples in
U-937 nmedium 50 1 of the Ab mx was then added to the 501 of U937 cells
to have a final concentration of 0.2 sglm of iodinated Ab3 in all wells.

CoL s ere L OR 16 Selil RORUER, 38 ReARpegle Hhe GF Vel Y
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h t b 2
g‘;ﬁ f 08;32 g y2 t@%@ggglg&efﬁmrﬁdg@b WA 1§03k Wifhe2% ﬁﬁh‘ésfo%o %
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cells, beia@led ROME NEUcoRE fd}afmlaﬂcdﬂb@ﬁ%orpmng/ﬁﬁtdm&dtm Ak w28 to achi eve
the 5 sanme degree of bhinding (Fig. 5A). There was a sinmlar difference with

t he nadfur alncu%ﬁi.aéﬁtfé fQsf16 A and fhen anbeynd 3655 Faeoved Guivesking £ OOVl hi gher
concent r at pRASTRNRIMAPSF EPME Boua@ Emﬁ& EeIR9AS PSR 38 al@mbiQosfd® extent

(Fig. 5B). Simlar results were obtained in each experinment when using NK

cells fromat |east I}ye\%) &EIEF g}eot?éiteqqg% nce(g taeé{?petﬁ?lgﬂer 1h65%¥5 I'la

al l otype not determn results |'evel s of
si al yl ati oeultoeed in M’Mewn@]@edmfn supplymémged witly RiniVid.-ginthmitd) drmeMosodiumal nost

AR L Y T
15  10° cells per well in 50 pl of U-937 medium. Ab2 (human IgG1) was labeled with '’
to a specific activity of 17 nCi/pg. The iodinated Ab2 Ab was pre-mixed with varying
amounts of unlabeled competitor Ab2 samples in U-937 medium. 50 pl of the Ab mix
was then added to the 50pl of U-937 cells to have a final concentration of 0.2 pg/ml of
iodinated Ab3 in all wells. Cells were incubated at 4°C for 16 hrs and the unbound Ab
20  was removed by washing three times with U-937 medium. The number of CPMs bound

to the cells was determined using a gamma counter.

To test whether Ab variants show differential affinity for FcyRIIla,
freshly-isolated NK cells were isolated from healthy human donors and used in
competition binding experiments involving radiolabeled mAb 3G8, an anti-FcyRIIla Ab

25  that competes for binding with Fc, and unlabeled Abs as competitors. Free,
uncomplexed Abs were used instead of immune complexes (which generally show

much greater binding to FcyRIIla) so that the results would not be confounded by
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by lectin fractionation, however, the higher sialylated variants were seen
to bind FcyRIlIla just as well, and perhaps slightly better, than the |ess
sialylated variants 15 (Figures 5C and 5D). The reasons for the different
results with the two pairs of natural variants and two pairs of

| ectin-derived variants is not known, but a good possibility is that there
are differences in the locations of the sialic acid residues that are
present. EXAMPLE 4: In vitro ADCC assays The target cells for the anti-TNF
Ab conmprised an Sp2/0 nouse nyeloma cell 20 line that stably expresses on
its surf differenesantstabdity offiulmeasoldbN-irtunae cenm¢xes themsealves, vansgneabbane f or m due

ot al, 15uoyed R FarieRulPathl B PRl S b e g hoat

i nact i vahigterkBS/latedMthralO¥auihd6f A®1, Ab1ndd, etk taugrafivatyefor BeyRIMAdON- essent i al
am no acids, and MAX. Culture nedia and suppl enents were purchased from

G bco 25the VK pellsdsing requmestjas -fRld Bigherconeratiatons thay dyby-29.13 aghigie then t he day of
the assaymeKs |$f5bm&iﬁ%gFig.e§‘AI' &H&@%aéquimah&fkegﬂ&ewwtﬂe Blgq Cell's were
adjusted to about | x 1 cells/m wth the culture medi umand 15

m crol i t eargnigfof BAT.DMher¢ 4bP-86 wasmeqvizadek bigjd higheremgeantrations thval 46580 EUTDA

Cyt ot oxi g Reagss ] r.Kin- [ dsl f B SCHABNCRS): to 5 m of
cells (B olré%nrg g% %asf !ﬁl,h&b18§g)t.% tgee%lggv%tr%}ét &ﬁgu‘%@t egﬁ%gﬁgﬁl@ﬂ% es at 37C,
t hen wasblgaineédincechnwexperiiBBS vaten bEOH NKpeells Fromi an leastriwe dilat blopd dodaws t 0 i Xi ng
wth PBMG ef fector cel]s, rgets cells were centrifuge .rresuspended at
> X105 Gt Seims PR shEVE TRl dR Gl i g s SRR BRIBRT oot or el |
ver e d soleatieer fidipatiditaah e Qeoiini8f fofFoyRAld £@! thB@ford)laRRskt bdagipepari ni zed
vacutainers, and diluting two-fold with PBS. Thirty mis of diluted blood
was | ayef@grityteditp hewbsersedipdugtiorin APEC pedlyite ( Amer sham Uppsal a, Sweden) in
a 50 m conical tube and centrifuged at 1500 rpm 30 min at room 10
tenperature (RT). When thesang experippnifyag doag with theapairaiofiivaiganepianyedvas col | ect ed
and was WM W P el t ' RT. Cells '
were r egﬁg%:tgﬁ‘dgﬁzn%&fﬁg,c g%%gp &ggﬁghégggﬁﬁﬁné%%hgg? fe%gcttg} @/%‘% ed FBS, 2 nM
L- gl ut anfeyRlila Justrids swoddl wmi perhapsasléghdn detler] thui therese ssayibted| vasmtno aci ds.
PBM:J:.SS V\Bgﬁgu?gstgél g‘r}desq)). The reasons for the different results with the two pairs of natural
variants and two pairs of lectin-derived variants is not known, but a good possibility is

that there are differences in the locations of the sialic acid residues that are present.

EXAMPLE 4: In vitro ADCC assays

The target cells for the anti-TNF Ab comprised an Sp2/0 mouse myeloma cell
20  line that stably expresses on its surface recombinant human TNF that remains in a
transmembrane form due to the introduction of a deletion of amino acids 1-12 of mature
TNF (Perez et al., 1990). K2 cells were cultured in Iscove’s media containing heat
inactivated FBS, 2mM L-glutamine, 1 mM sodium pyruvate, 0.1 mM non-essential
amino acids, and MHX. Culture media and supplements were purchased from Gibco
25  (Invitrogen). Cells were passaged 1:5 every 2-3 days. On the day of the assay, K2 cells
were centrifuged and washed once with PBS. Cells were adjusted to about 1 x 10°
cells/ml with the culture medium and 15 microliters of BATDA fluorescent labeling
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for approximately 4 hours at 37C, 5% CO2 by incubating on 100 nmtissue
culture 15 dishes (Com ng) that had been coated with OKT3 (10 ug/m in PBS,
Otho Pharnmaceutical) overnight at 4C and rinsed with PBS. PBMCs were

col |l ected, washed once with Iscove's nedia containing 1% BSA; counted and
resuspended to approximately 1 x 107 cells/m . Abl's test sanples,

i ncludi ng the negative control variant Abl Gro, 20 were diluted serially in
| scove's - 1% BSA nedia. Fifty mcroliters of target cells (-10,000) and
100 microl irb@bﬁt (of DAfid EWToYy CyestexidgdaedgdnoKi, Peokindlinedt IifaS Xmcew as pl at e

added b ¢ rigeedfe s eripsoeBlomarey & dSeaS Cen A mufete et 10565l or 5

RT. The ratj7ec Qﬁen&alhmwlcewﬁuﬁfﬂs/atﬁoodmnhowelvermme%ﬁatélypﬁé;r t6 @iiEihg mes used.
For background fluorescence, wells 25 were_ incubated with ef fegtor cells,

target cel I'éithFRMEmsfeeior qells. tarasts ?F@F“F’Felﬁﬁ?té‘g%ﬁéﬁé@ resupendet AT t®rs of Iysis

sol utiop (fdeomPalifdode’FhERA cEMthiRingXbeBEN. kit) was added to background
wel I's. For the ADCC assay, cells were incubated at 37C, 5% CQ2, for

approxi mately 2 hOUfFBM%Oeff&&fQélls%Ee’isd?éte@ﬂ&ﬁ'h@ﬁ&@%n&@%ér"c@l‘ﬂe’%ﬁﬁg red to a 96
wel |l flat 48 bottomplate (Comng). 200 microliters of Europium solution
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! fidy
spont aneous TR E X1 rmm SPontaneons fel ease 3 100. The
initial evabashdd tafs vnfh RBﬂeaxﬂfcfeﬂnﬁ@e@ﬁt lQD@li'pm; laaiin Kbotdeavesn in vitro ADCC

activity of t irs of r.al 20 were

i ncubat ed lﬁﬁusvaa%%)ﬂggc%%%lélﬁql? 8?#3?%@ atéﬁarcgﬁ?tffi’xﬁlgéﬁgloﬁg &alm‘é%(presa ng
target cel Ilsmlv%dﬂlﬁl;syh@m alna oﬁlxgw:@)n@esenﬁdlemwmms apBMeERfwedd {ctiestence in
cytotoxic activity, Elg;(;her | evel s of Fc sialylation,

was requi r &gt %Ppr%ﬁmlxﬁﬁﬁvrélayﬁﬂfM@%.bgﬁwb 188 AR &0 M sSRRCHHEn Abl - 20 i n

order tg t rdl&@@(Coﬁﬁhé) tha¥ ﬁh&béeﬁ‘ cbdi&l V@ﬁ{@K?ﬂﬁfﬁg/nﬂTlﬁ?BrSe@HM s showed that the
Abl subl ot that was enriched for sialylated cof orns, Abl MAAB,

Pharmaceutical) overnight at 4°C and rinsed with PBS. PBMCs were 'collected, washed

once with Iscove’s media containing 1% BSA; counted and resuspended to

approximately 1 x 107 cells/ml.

Ab1’s test samples, including the negative contro] variant Abl Gno,

20 were diluted serially in Iscove’s - 1% BSA media. Fifty microliters of target cells
(~10,000) and 100 microliters of antibody were added to a round bottom 96 well plate
(Corning). Fifty (50) microliters of effector cells (~500,000 cells) were added to the
mixture, and the plate was centrifuged at 1000 rpm for Smin, RT. The ratio of E:T was
usually 50:1, however, 35:1 was sometimes used. For background fluorescence, wells

25  were incubated with effector cells, target cells and media. For maximal fluorescence,
10 microliters of lysis solution (from Delfia EuTDA Cytotoxicity kit) was added to
background wells. For the ADCC assay, cells were incubated at 37°C, 5% CO,, for

approximately 2 hours. 20 microliters of supernatant was transferred to a 96 well flat
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was | ess potent than the unnodified Abl PBS. Approximately 3 tinmes as nuch
of the 15 Abl MAAB-43% material was required to achieve the sane anount of
|l ysis as the Abl PBS-29% sanpl e. Experinents with Ag5-expressing target
cells showed the sane pattern for the pair of Ab2 natural variants. In
order to achieve the sane degree of cell Ilysis as the Ab2-0 variant with no
detectable sialic acid, an approxinmately 6-fold higher concentration of
Ab2-26 was required (as shown in Figure 6B). Thus, the effect of 20 natural
gl ycosyl at ib@nompratea(tjommgqnzmdﬁ@rdmaswmmﬁimﬂmﬁidxs(mma AT t ar get
specific. n a represent xperiment to conpare the ADCC activity of
subl ot s oféyf%@‘C%EétSWﬁ a‘@?# tﬁ? aFH@isPu"s‘inaﬂﬁﬁ?fgg@g(ﬁr f%%ﬁ’ﬁ@ﬁ*&l 8§ | owi ng a

| ecti n- basedr. friasktdcata wa®measuflin MeABe(rdd el ifRbMRteE dIn VElSn oiRAmed to the
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sialylated) were conpared to each other. The results of the assay al so
denonst r at eelaasersmatas@ous ellasé] siimbtipubetiese i spgitaiepes ralepsd)Fo@lent and pot ency
in the ADCC assay regardl ess of the manner in which 49 the Ab was prepared
(Fig 6C). That is, Abhe MBAT fzvahtaitioirs ciotht ffeds abeialic adié foamel ommund of sialic

d t d t he: t,, Vi th fied Abl.
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varying anﬁ&?ﬁegtr%‘fonﬁﬂ]?? &41 -4 imprder toﬁgﬂggfr@ y3if {0 the Fal!illlq gxtent. o Theesid osy | at ed

and si al yl at&Md thrthéRB1 s@lot tﬁﬁt\b’d?,eenﬂ@ﬁeﬁf}&dslalgﬁﬁétg'l%gfoﬁﬁé‘%&' MARB K2 cells
expressing surface bound reconbi nant human TNF were used as the targets by

| abel i ng wivtas lgzg ot thasf the pgnodifiereAb h BB e dhpprokineateli B dimed e ehuckh of the PBMC/ Ab
m X, gnt rAbeWBa&"/l%ggrlElRms rgd’uu%d [H AHieGe th@@;gné %5&?5?@51@%5 ¢ gbfl or 4

hour s.
PBS-29% sample. Experiments with Ag5-expressing target cells showed the same

pattern for the pair of Ab2 natural variants. In order to achieve the same degree of cell
lysis as the Ab2-0 variant with no detectable sialic acid, an approximately 6-fold higher
concentration of Ab2-26 was required (as shown in Figure 6B). Thus, the effect of

20  natural glycosylation variation on this measure of ADCC is not Ab or target specific.

In a representative experiment to compare the ADCC activity of sublots
of the Abl that differ in their sialic acid content following a lectin-based fractionation,
Abl MAAB (43% sialylated) was compared to the unmodified Abl lot from which it
was derived (Abl PBS). In a second experiment to compare Ab1 sublots that differed
25  insialic acid content, Abl WGAT (29% sialylated), Abl WGAR (40% sialylated), and
Abl WGAB (32% sialylated) were compared to each other.

The results of the assay also demonstrate an inverse relationship between

sialic acid content and potency in the ADCC assay regardless of the manner in which
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i ncubation time (4 hours) is known to reveal primarily cell lysis induced by
NK cells 15 (within the popul ation of PBMC cells), which express FcyRIIIA,
rat her than by macrophages, which generally express FcyRl (CD64), FcyRIIA
(CD32A), and FcyRIIIA (CD16A). The nunber of radioactivity in the cel
supernatants was then determ ned using Topcount. The results shown (Fig.

6D) are representative of two i ndependent experinents done using PBMCs from
di fferent donors and show nore than 10-fold 20 change in potency of cel

lysis between Ab that is fully sialylated and one that is al nost

desi al yl a[ﬁgﬁb%ﬂﬁgeﬁ)g t(ﬁé%b APhaP{se r?/@Aclmw chc S‘tals ed %‘b%q in the ADCC

assay. ‘prepare rom’g osy g wer e eval uat ed
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| yl at ed t ti th 4-fold
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acid cont eétﬁdécﬁl%nvg?l@ 6%).. By conparison, the WGA lectin fractions made from
Abl showed the 41% sialylated variant needing to be at approxinately 6-fold

hi gher sconcentrati ongadt &g8ritbe twd¥nplalwithah&e prodsundiffdrércaciishie 50 the
sane degree of cell lysis. These resultsdbéor all three Abs tested

consi st ent P4 CHRtRREHEE HS‘F‘P?fF% [yafymafigajlymaodyiiedpAb 15(13%1((}% siglylafpdinapd Alsoci at ed
Wi th T educedsARPE @ef gmgtaaé@ AL PBOAC Ao oGHRAAbY baliy Eentliigailn er ences

bet ween the magnitud e in ADCC activity ahd in stalic acid content
of the Ab PicelpBaquei 610" Qaslmyolan@@ﬁé@%mbwcrepeekla@ub@tvdlfmp within the

gl i, 2t A LSy MGl Rkt WG ITAE ! GUREE g 2 "o
Abl - WBA 41ga1acrtcesl|a®dtai1d/e'hlylatemh er Ab% vh isstype-ntatchbd nkgative porftiohAb. Kas al so
confirnmed ed Ab ar at.i ons tain C [ ecies with
varying | e%/gl? EXPI > acg'g) Pl\lﬂdtrg fnafltshufﬁnn ewor P%e%f ﬁlaqargetsﬁ t he
exception hﬁelﬁlg&lfh 240th@h32'26, T]hd”lebeﬂ/exalrclemwaead&eﬁyae;d PW@’Abtn&m,ded not to

Spon 9L LRGeS THR i bt LD R B, aRee L1t 5, T e
cells, theind@atlon Rk Y4 Kdhad) is mafeezﬁe@&véammﬁﬁﬁyeéu:le/s@indab@il yaNIaeél® i n
15  (within the population of PBMC cells), which express FcyRIIIA, rather than by
macrophages, which generally express FcyRI (CD64), FcyRIIA (CD32A), and FcyRIIIA
(CD16A). The number of radioactivity in the cell supernatants was then determined
using Topcount. The results shown (Fig. 6D) are representative of two independent
experiments done using PBMCs from different donors and show more than 10-fold
20  change in potency of cell lysis between Ab that is fully sialylated and one that is almost
desialylated.

Other pairs of Ab preparation were also compared in the ADCC assay.

WGA lectin fractions prepared from galactosylated Ab2 were evaluated in ADCC
assays using Ag2-expressing target cells. Again, the higher sialylated material was less

25  active, although there was only a 4-fold difference in their ECsy values despite their
dramatic difference in sialic acid content (5% vs 67%). By comparison, the WGA

lectin fractions made from Abl showed the 41% sialylated variant needing to be at

approximately 6-fold higher concentrations than the 29% sialylated variant to achieve
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t he Fe ol igosaccharide enhances binding to FcyRI, its presence significantly
di m nishes 15 binding to FcyRI 11 A. EXAVPLE 5: BINDI NG TO H GH AFFI NI TY
CELLULAR FC RECEPTOR Binding of test Abs that differed in sialic acid
content to high-affinity human Fe receptor, FcyR (CD64), was neasured
using a conpetition binding format on U937 cells, a human nonocytic cell
line. U937 cells were cultured in RPM 1640 20 mediumwith 2 nM

L-glutam ne, 1 nM sodium pyruvate, and 10% FBS in T flasks and maintai ned
in an incubator with 5% C02 at 37C. Ab2, a nouse/ human 1gd@ chinmeric Ab,
was i odi ntiesameddsmg of aiidysen pr ecoat ed |od| nati on tubes to a specific
activity of 17.2 nG/nmg. U937 cells were resuspended at 6 x 106 cells/m
with fresh cul tur eThW@cﬁeaﬂtS domlali Haee Sbe thsigd icanvstontlyl showee ﬂgiﬁh‘l/@bll tissue

cul ture pfe%l?%f‘ﬁ‘c sﬁ’athfc' & Ahodh (%SW ﬁ@éc}]’cé/d ggg:& ew CRlotgP Bbt Vel | . The

cells were not ed to |n uce essi on” lodi nated Ab2
was pre- rrquaatitawvet, hhevdiffynen@s deoweat ﬁlecrhagmnthab@‘haagh MBADcha‘qmetty tod in( t he test

| 1 Th
LBy MR ot B PR s e 2 B Rt S P iR Pishig B 1
i odi nat edpanéb(ﬁ fGQlelﬂWdh@ﬁih Qﬂhdiiff the EZ:5JT@ﬂLl’€fS Weﬁetlyi)lﬁalllyE(F ] ng/iﬁﬂm hgﬁﬂ{@gt ed at :1C
nd aspirating

for 16 hours, Unboun gG was. re vmth m

three ti n%%%s?q‘?g 18 H%F’ét for\4klrdPa SA‘\)i’%Iz@mAbﬁh‘éﬁ eran@)f Wh%%ﬁound to the
cel I's wasegebavdN. gt UShRgwah the SRMAMRaGRMO LR -coffilied tRatSHAVRIl NG . conpar ed
to Abl & (no sialic acid), Abl &S2(hi) (-95%sialylated) bound to the

hi gh- aff|Pﬁelt)%iatFD@R09@984?019??14}59@765@@1"-}! garyingHewly of AYICG etiyithii ghéy affinity,
€. 10Ab JotGPardihth eguL tarar 0 ftdv iR rh‘ﬁ t
1 t
concercl)tratl on té/ g% vﬁlﬁ}?tﬁee%a n%gegr‘%g@o di'ﬁﬁ d|tﬂ§o\r’1 of g J}'%égt%dé Ab?2
bi ndi ng. &bded@@t tbGhew dikksttnpes lmémmamlleledélfﬁéfssm@e‘fqdom untreated Abl (data

not shown), the latter being a heterogeneous m xture of different
gl ycof or ns, nost oﬁlnmhimwnetbm@ﬁmabmﬁéw&@ﬁb@ewI(rheaﬂlmeélﬁ@dw gl ycof or ns)

t han t he sappl Fi 7B shaows erent.l.ots of Ab3
i {1 er ngt TRIEROSHBUSK <51+ e e SRRV apdy hertet e Sl i€ e T
aci d- cont gkt aggo%mmrﬁﬁ)enhéaeéswldmgtb @tyRE%sQfreseR® significantly diminishes

15  binding to FeyRIIIA.

EXAMPLE §: BINDING TO HIGH-AFFINITY CELLULAR FC RECEPTOR

Binding of test Abs that differed in sialic acid content to high-affinity

human Fc receptor, FcyRI (CD64), was measured using a competition binding format
on U-937 cells, a human monocytic cell line. U-937 cells were cultured in RPMI 1640

20  medium with 2 mM L-glutamine, 1 mM sodium pyruvate, and 10% FBS in T flasks and
maintained in an incubator with 5% CO2 at 37°C. Ab2, a mouse/human IgG1 chimeric
Ab, was iodinated using IODO-Gen precoated iodination tubes to a specific activity of
17.2 mCi/mg. U-937 cells were resuspended at 6 x 10° cells/ml with fresh culture
media, and then seeded into Millipore 96-well tissue culture plates with filters at a

25  density of 3 X 10° cells per well, The cells were not pre-treated to induce higher FcyR
expression. Jodinated Ab2 was pre-mixed with varying amounts of unlabeled Mab

competitor (the test samples) using culture medium as diluent, in a volume of 50 pl.
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15 total oligosaccharide or 42% simlarly show that the |ot characterized
as having higher sialic acid content has higher affinity for FcyRI . After
observing the reduced binding to NK cell FcyRIlla by antibody preparations
with higher sialic acid content for two pairs of natural glycosylation

vari ants of Abl and Ab5 (Exanple 3, Fig. 5A and B), the possibility that the
effect was 20 due to sinple electrostatic repul sion between the

negativel y-charged sialic acid and the negatively-charged cell surface was
consi dered. However, the inverse effect of sialic acid content on binding
affinity ThymixheeFegriRthen eddedttoa Sopl dultnmmo! U-BB3 teltetolgivedi fthahiotlinated! | ow t he

sane patt for 50 t he dat a not own)- .. | houl d be noted that,
wher eas t%é? ERME A 10%81%?8%/“& é%%rvsﬁf%t higcuhe egtﬁ‘%l%fgf E)‘?lg%ué?‘lce of the NANA
form of sUabduad & das fehRvEd®, vRBIng athInestiva Sddepirame thréctimebivsingfa i N the
amount of the NGNA formof sialic acid (produced in nmouse host cells). 52
EXAMVPLE 6PlafGrAGupEsysiRm. dhe smwoﬁmm@wgi tpdhegsls yredstsyminsd ¥5BE R an

Fc- cont ai pirda Edtmiepn protein conprising an Nterminal peptide fused to an
anti body vari abl e regi on sequence and a human 1gd hinge, CH2 and CH3

domai ns expressed i, ARUSEwWEMS! af%'tl&%}’m (hé ﬁ?llticea@icf)PAtﬁlo('?@Sﬁhﬁ he fully

sialylated (&S2) form Normal fe rat's per “treatnment group) were

gi ven an {~fpVepiedyleted tonpdietthohighaflinity ek (GIPf) amboth7rdebawitop ta BF- t he FcP1,
which co i Ol 4 % 9% 4 ited .or the fully
si al yl at egjtlc\g}élggél;gﬁﬁm?’-lgeg%s@i a yFﬂﬁ%)rE%%%ﬁlnﬁe%{ée@@éﬁggktﬁ e t{/“9i nto groups
of fenal ecadBdntrativsto givetthaiseareaisgiey of iBhibbidn whwdipeted b2 bthding. il G- or bi t al
bl ee at .1 _hour ho 24. hours, hours, 7 4.days, and 21
ey o 2, PG SedarieBisn e U Rt A S CealOn: Shoafo B et Dt ur o
f r om CO2- hai@sgdnedusatigtuddo ditiGernd gl ydafirnasd moSieif wiichasntpind¢a galdctoder om t he bl ood
sanpl es and the ncentration of n Fc, in the serum neasured using a
col ori net E?é%_np%&g(igro ‘Ef‘ﬂ/t?‘arg&i\ﬁg?@éf“ﬂp fates were first coated with
R I L Rl e
Unbound peigk gk ]i¥6acohidvpekiétysialiede t-dtatairitspB el ) CheltigBher2%, dethect ed usi ng
enzyme- conj ugat ed goat anti-hunman |g ) ) ,

15  total oligosaccharide or 42%, similarly show that the lot characterized as having higher

sialic acid content has higher affinity for FeyRI.

After observing the reduced binding to NK cell FcyRlIIla by antibody
preparations with higher sialic acid content for two pairs of natural glycosylation
variants of Abl and Ab5 (Example 3, Fig. SA and B), the possibility that the effect was

20 due to simple electrostatic repulsion between the negatively-charged sialic acid and the
negatively-charged cell surface was considered. However, the inverse effect of sialic
acid content on binding affinity for the FcyRI receptor on human U-937 cells did not
follow the same pattern for AbS or other Abs (data not shown).

It should be noted that, whereas the two Abl samples differ in the
25  absence/presence of the NANA form of sialic acid, the two Ab3 samples are believed to

differ in the amount of the NGNA form of sialic acid (produced in mouse host cells).
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anti bodies, followed by the appropriate col or substrates. The results of the
study are shown in Fig. 8. The cal cul ated area under the curve (AUC) was 95
1.6 day-ng/m X 10"3 for the unnodified anti body and 48 20 1.9 dayng/m X
10-3. This showed that a higher degree of sialylation in the Fe

ol i gosaccharide was associated with a faster rate of clearance in nornmal
rats. In a second experinent, nornal mce were injected wwth a single 3
ng/ kg dose of Ab2 enzymatically nodified to be either fully asialylated
(&) or fully 25 sialylated (&S2). Human Fe in the serumwas nonitored and

measur ed usi ng DQQF Etﬁgppﬁg Fpe results of this
experinent are sh;ﬁv\)ﬁ{#{gihé Mﬁéé ﬁﬁﬁg%{aﬁrl 0 apprOX| mat el y one week,
the Ab2 &S2 began hthyesﬂne'ewample roFecantgiing fpsion protdiheorg@isinpaof t he mice
and by 20 ﬁ%éﬁur%aﬂieﬁtb‘?%ﬁlgd%o ah & '{1’}'/ gn a rt%@%l s%é;uen [ 8 WenafR X' mat el y

1000-fol d 1T ess conéent earance sialic acid
vari ant s fhingy 6H2txhCH3 domaitd aipr@sbdummu&enyehm dets wds treaodd taﬁas;ur enent of

t he effect uantitating the rate of

cl ear ance ?Eﬁuﬁaﬁ age&g(ﬁzgwo sﬁq%’?r?m@??ng%eé?témf(gé’m t§e€}"'ﬁ‘?ﬂt 5‘%’? r"ECinj ecti on
of a sanpl gvenQatdiaténdas agéaﬁbxedsma&w&mﬁedxﬂddrf@nmftgé Feranwhigeci es attached to
an Abl. The sane_het erogeneously gl écotsj%éat ed repar ation_of Abl was injected

i . p. into PEAHNST Raplisosactrpridesioaorae paIskhdated @é hg fully spdlatedyersign ny/ kg. Bl ood

was  col | eched sJafy%d(};w@}e%%e&@d %Xra{ély 1%%(%%5 offel&PNattay 14, and the final
6 mce on day 10 . Serum was prepared from each blood sa Ie and Ab |

re-purifi e\atf#vmﬁﬁserh8@&%00@@4@&?’?%{3@ bpedxat il Apwsy, Thurmad BYBsi fic for
Abl V,pegi-pig, sT‘V'SEa LU é” pH%L h&d ﬁ{%n a%rbﬁﬁéf'ﬁloﬁ{ cc;llla?(rorn%vag'tgkjexfxl ed Abl

sanpl es were t aI yz anal yses and relative proportion of
vari ous gIl;bmfdmcmanje‘sénomﬁ@dara%sthd%dmmuOprde)vi’&)u%rwnhespneparedt was found

i nt ai ms UG O Siohp SyE e LT B LR G PR Bt hATECE, wher eas
t he Ab gl ycalainmsicEiliSAL Briey,FoyweanBlAplites Wers ifist b@at@lmnm G2l and t he
glycofor msgoat anti-human Fc antibodies. Varying dilutions of the serum samples were incubated
15  in the wells for 1 hour at room temperature. Unbound protein was removed by
washing, and bound human Fc detected using enzyme-conjugated goat anti-human IgG

antibodies, followed by the appropriate color substrates.

The results of the study are shown in Fig. 8. The calculated area under
the curve (AUC) was 95 + 1.6 day-ng/ml X 107 for the unmodified antibody and 48 +
20 1.9 day'ng/ml X
107, This showed that a higher degree of sialylation in the Fc oligosaccharide was

associated with a faster rate of clearance in normal rats.

In a second experiment, normal mice were injected with a single 3 mg/kg
dose of Ab2 enzymatically modified to be either fully asialylated (G2) or fully
25  sialylated (G2S2). Human Fc in the serum was monitored and measured using
colorimetric ELISA as described above. The results of this experiment are shown in
Fig. 9. After a period of approximately one week, the Ab2 G2S2 began to be cleared
more rapidly from the serum of the mice and by 20 days the Ab2 G252 remaining in the
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with 2 sialic acids (&S2) cleared at a faster rate. Thus, fully sialylated
Fc-containing proteins have a shorter serumhalf- life than asialylated or
partially sialylated conpositions. 20 EXAMPLE 7: Sl ALI C ACI D CONTENT AND
ANTI BODY AVI DI TY The results described herein support the theory that the
change in sialic acid content of the Fc-glycan of the Fe-domain (dinerized
hi nge- CH2-CH3) will inpact the entire protein. Wth respect to the

bi val ency of antibodies and fusion proteins conprising a glycosylated Fc,
the effects may be nmanifested in the avidity of 25 die protein for a

speci fi ¢ sanmetas affvexismiphr 0@ fdld lessitharhihs cencampition weAB2-0&r f or med to t est
this theory and, further dennnstrate the speC|f|c effect of sialic acid
content on target h : agid vararfy % are. anti gen. The
d ADCC assays were

sane Ag-e 1 bove- des
used in b?‘%ﬂf?‘ng 33 fngrBe‘t Qgthef’ Ctétfflfl& a@rflaggtem erlgadsfggl ic acid variants
in their godntigeing thensle ofcl@yindé andWﬁiaa)g@cwemoﬁepa‘cme rﬁ’edx sremnﬁaftecorrpeti tion
format, in.which one %{ t he raqlolabeled Abs i ther .. or Ab5), 5

kept R a WL oL TEBIR R ning 3 O%GPROBE)%’%E}“? g]fﬁ’catnf%e%‘bgagﬁ %?sr ng cells in
the presegnggiof varying anounts of unlabeled test Abs. |odinated Abs,
prepared by the |odogen nethod, were generally at a specific activity of 10

uG /ug. The surfacerhENEn&xd¥es b&@ly@fabé}ytét@d&eﬁﬁﬁ@%ft«m%srt@éctedtI ssue
culture plates at 50,000 cel per wel I, 2-expressing cells at

180, 000 c&P4igtog@morgly 8- 1Q‘ﬁeek}?@ﬂ lﬁmnﬁ%ﬁtaﬁpw qfﬁggmg/k%§ loodwasappr opri at e
125 - | abel ol A 0 AIET Uarh Wi 8L B, ARG A6f 648! ot and ¢ he

m xture added to the appropri’ate Ag-expressi ng I's. The plafes were
i ncubldt ed2&t SEREMWHS p@pﬁe@frgmte@cldmmamnleemhdub ge-p@fieﬁém@ethﬁ gerwfhe cells

were t henygshiod 11664 IRA WA Id APM SRS 19, LAIRYS yaRound Ab, and

t he nunber coun rmned using a ganma counter. 15

For Ab5 vg}yr::arstoﬁ the Agyburified rAdd samplecebre wmndymdédéﬂhqangﬁsmhd thiei ssue

1551 | aboFLHABBPOTIE oAt BHIA PRErat] g shBetr e I B0 Ab and 50 | of

the mxture added tI?was t%und that the galactosylated glycoform that lacks sialic acid

15  (G2S0) maintains its relative abundance over the 4 week period in the mice, whereas
the Ab glycoforms containing glycans with 1 sialic acid (G2S1) and the glycoforms

with 2 sialic acids (G2S2) cleared at a faster rate.

Thus, fully sialylated Fc-containing proteins have a shorter serum half-

life than asialylated or partially sialylated compositions.

20 EXAMPLE 7: SIALIC ACID CONTENT AND ANTIBODY AVIDITY
The results described herein support the theory that the change in sialic
acid content of the Fc-glycan of the Fc-domain (dimerized hinge-CH2-CH3) will
impact the entire protein. With respect to the bivalency of antibodies and fusion
proteins comprising a glycosylated Fc, the effects may be manifested in the avidity of
25  the protein for a specific target. The experiments in this example were performed to test
this theory and, further, demonstrate the specific effect of sialic acid content on target

binding affinity.
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Ag-expressing cells. The plates were incubated at 4C for 16 hours to allow
Ab binding to the antigen on the cells. The cells were then washed three
times with DVEM 10% 20 FBS to renove unbound Ab, and the nunmber of counts
bound to the cells determ ned using a gama counter. Sanples were tested in
duplicates or quadruplicates, and results shown are representative of 3 or
4 i ndependent experinents. The difference in binding between these test
sanpl es was significant (P < 0.0001 for graphs a, ¢, and d) as determ' ned
by extra sum of squares F-test. 25 The results are shown in Fig. 10A-D

BlnrglbglgegyALIadlno![ abgl 8 Aplcel alrfaégéntl gf(%g§%Qgg%§éﬁe§5ﬂr‘§2§eﬁ]n§e?g§aence Of

r adi ol abelmdleAbﬁve'edrscA@Ed am&gmysgvemalsbdslmmndlt@aspa}esemefoo&ffemnttmbel ed Ab5
natural variants e in oI bel ed Abl 55
Lo Ag - ex irisBe P’ Saf PARRK it E® bt mubnBvil o e et AT ey 1 veo

vari ants aSmpammebmﬁaD,ns wHttlgoneld¥@)e rabiiointieleg Alby (élaﬂr abababE dr Ale) to

Ag3- expressin in the. presenc bel ed Ab3.l ect ] rived

TOrT ok S SR B R oo By PORESD T A 6 BRI Ak TGand

Reconbi nanfessitle Welvar Xgﬁﬂ:arﬁbuxﬁd?&ﬂ url4béled Resads C Aadife P A bE! Aefikadt B5they addi ng 50
| of Ag or anti-Id at 1 in PBS to each well and incubating the

pl at es at Iq@gm@ﬁﬁhpgwfereawérauéptlasspvséﬁ%a%%@ﬁl%{b/ughen pre- treated with 50
| of 1% BSA, O. 125%ge|at|n in PBS for 1 hour at RT to m nimze
non-speci fic bi ndi nfhe syige THBexpessmg|celby Warpspeded e Peay AU BSUR I Weeni xed wi th

Li trati ng ol AR0BbD00LISSRSEN ¥R A&%xgﬁ@s&é SARTAY 5005 billsl M1 5 FBS,  and

50 | of tHe m xture tothe t oat e final
conceh? r at!M&M ghedign ivathablé| . Afshwa@rqmme ndflmbelqdnAbIWaSvmmnged Wid pl at es

were i ncubabeg, Aol {0 2ARlOMASHd Bl QAR DA GiAG . ALBEERRLEd tar gets.

Wells were to reno oun unt s~ bound
det erm necl:ehl&'ﬁhg paitega*rmamcuhamlet RT Bir2diong toéllqw Abbim:lb@ttedleAbEs tlhesol ubl e

anti gen. wel | ate re.l5 co i jalic acid.var ts .of AM or
A3 and ¢ el The Baciied i i SRE SHD i oEmPE SRl AR RaD! & At gen
as fol | owshe fumjbebofwdung bodndriadieeblshRlefdinedldity £gahgha tqantepl at e- coat ed Abl
natural variants, (b) binding of radiol abel ed soluble Agl to plate-

15 For AbS variants, AgS-expressing cells were seeded in 96-well tissue
culture plates at 186,000 cells per well in 50 pl of DMEM, 10% FBS. ’I-labeled Ab2
was premixed with titrating amounts of test Ab and 50 pl of the mixture added to the
Ag-expressing cells. The plates were incubated at 4°C for 16 hours to allow Ab binding
to the antigen on the cells. The cells were then washed three times with DMEM, 10%

20 FBS to remove unbound Ab, and the number of counts bound to the cells determined
using a gamma counter. Samples were tested in duplicates or quadruplicates, and
results shown are representative of 3 or 4 independent experiments. The difference in
binding between these test samples was significant (£ < 0.0001 for graphs a, ¢, and d)

as determined by extra swin of squares F-test.

25 The results are shown in Fig. 10A-D: binding by radiolabeled Abl to
Agl-expressing cells in the presence of unlabeled Abl natural variants as competitors
(Fig. 10A); binding by radiolabeled AbS to AgS-expressing cells in the presence of
unlabeled AbS natural variants as competitors (Fig. 10B); binding by radiolabeled Abl
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coated Abl lectin-fractionated variants, and (c) binding of radi ol abel ed
soluble Ag3 to plate-coated Ab3 lectin-fractionated variants. Parall el

i ncubations with radiol abel ed Ag 20 and 100-fol d excess unl abel ed Ag were
done to determ ne nonspecific binding. Sanples were tested in triplicates.
Ab2 variants were not analyzed due to unavailability of soluble Ag2.
Statistical analyses. A difference in potency between antibody variants was
anal yzed by conparison of the curves using sinultaneous 4-paraneter |ogistic
25 regressions with a common m ni rum maxi nrum and sl ope follow ng a
prellmnar s for sl ope and r e I ay for zero
concent rat%/o é(p ressmg ?e\%g)}%%he rsegeﬁ‘lgengpw 1??16(1)%1t R?mgﬁ}gae%%?o&rjﬁ%ﬁts' ottont for

i ncreasi ngompeftums (Hugdl@@)immtmﬁgow tadiolabelled rAddstonfygenpraasing clilgin thecance

t est d th t t i in GraphPad Pri
va. A'B varesEespr s Nip T et et B erge T anal yobs on CPM

were wei ghted inver y .oy CP ecase, t iation, CPM
i ncreases proporti &M—F‘%ﬁ@%@—g@ﬁ@oﬁ?&%ﬁﬁﬁéggﬁ?% @Wfﬁ%f
vari atg on,wa&¥odtéd oniIASI1ALLS) 4d@ink 36 %or aatie ! a& $ p%mm igeBshd afhng

experi nents perfor nmed in a conpetition Tormat with same Ag- expressing
targets cefellsang frpubaiisgdhe plaigs Ptrf’f CroserniBic Biesws)ls wm@wp%ﬂ@dql then 9kowed Abl - 29
to consis i .l d affinity
than Aol - S5 P et i, B DAL Ty P T bR o KPR s 10
i ndi sti ngtnmﬁ-b;ﬁfbif& Hmidﬁnig A‘B?o-m)e(eﬁmgmllc@l?)sl-lawed AMaapahymlneﬁﬁmged with the

two pairs of t|n derived variants sh | ar. ults to the Abl
nat ur al vé‘ﬂoﬁlﬁf 8 refpeétlve testtﬁg PRGPgTREpnsdfL Wﬁﬁgéeﬁ f: %m@&@a}%@ww red at 4

to 6-fel d ah&l&h@&h&@fﬁéﬁ&ﬁak@twalﬂs Thk AR &B@en'tr@t%o’iﬁéf rﬁdh@ia}déléd Rﬂ wWRITOYGA- 29 to
achi eve the sane ree of conpetitive binding (Fi . and the higher

si al yl at ede/Agdn é’r -'Bire Rietes Werg dfickbatedaat RAT fop 2 Goyrs tcf élﬂczfv ﬁb@ﬁ@pﬂg to
concentr atthé)%tetdhﬁ&eltshewleﬂss wefe %b@kd’ kA teichvBRp Gotig Ve vand (ihd ﬁumﬁer QP)

I nterestingly, sanme pattern decreased bi ndi ng by Ab
vari ants wpmﬁslmugﬁéﬁemmslmsmg@fgamlcy\mmn on was al so observed in experl ment s

anal yzi ng

Binding of plate-coated Abs to soluble antigen. 96-well plates were

15  coated with sialic acid variants of Abl or Ab3 and then incubated with varying amounts
of radiolabeled soluble antigen as follows: (a) binding of radiolabeled soluble Agl to
plate-coated Ab1 natural variants, (b) binding of radiolabeled soluble Agl to plate-
coated Ab1 lectin-fractionated variants, and (c) binding of radiolabeled soluble Ag3 to
plate-coated Ab3 lectin-fractionated variants. Parallel incubations with radiolabeled Ag

20  and 100-fold excess unlabeled Ag were done to determine nonspecific binding,

Samples were tested in triplicates. Ab2 variants were not analyzed due to unavailability
of soluble Ag2.

Statistical analyses. A difference in potency between antibody variants

was analyzed by comparison of the curves using simultaneous 4-parameter logistic
25  regressions with a common minimum, maximum and slope following a preliminary test
for slope and range given a common plateau for a zero concentration (i.e., always
assuming without testing a common "bottom" for increasing curves and common top for

decreasing curves). Significance testing was done with the extra sum of squares F-test
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binding to targets (soluble reconbinant antigen or anti-ld Ab) that were

i mobilized on 96-well EIA plates (Fig. 11A and B). These results showed
that differences in the 20 extent of Fc sialylation nay inpact binding to
antigen as well as to FcyRII1 A, but that the extent of sialylation does not
i npact antigen binding of all Abs. Fromthe data on i mmobilized target
binding, it is believed that increased Fc sialylation nay serve to reduce
Ab hinge region flexibility. In the case of Abl and Ab2 binding to

cell -surface antigen, reduced hinge flexibility could |lead to nore 25
nonoval entin GirapiiPadyPrdsna v4.eAs” wilueadf erft 0 wasglonsidereti toybk signifitamtg Analysest | gen

d di f t t rt |
ur ace, FRECHInyaShEaran Bl eY TP RREIN Satdiin AR ba PR , " oit

flexibili tﬂycréﬁéys pRbotiensgedels frein (i, SthACEMN coaffidieal of Raudtizh) CWi di ng t o
AgS. 57 In ordey to dlfferentlate bet ween whether the Ab flexibility effects
or intri ﬁ@feéaB{tH 1 ini ty changes were affected by Fe sialylation, the
bi nding of Ab to soI uble ligand was tested as a nmeasure of purely

nmonovaf ent bi ndi ng &ﬁ%ﬂ—ﬁl ty. The results indeed showed that for the three

pairs of sialic acid variants that showed 5 differences in binding to
cell -surface anti geﬁntlgqaéa@lwsewn&é{eéfemu@aapmpw@ﬁé@?at BHREieved bet ween

pairs of wghi %&p‘ré&sﬁ@%r@etp'caﬁ' RSk meagwm fhel RDBLL Sishys! Lglexp;e%t%dlc}) Taken
together, these results denonstrated that differences i'n bindin

i mobi | | zelowedaAble2S tq @@lsustegtmlfla@eelloﬁurfp@aqn@g@bmtbaf,»our\érfeldri@qs aﬂimtyt 0

di fferenc i fi Y eq fﬁ“gtpd arget.

Ther ef oreeiﬁtnheowdr%Or ép%nglggx)bepim%ezr? Bﬁ St g%gda 2 siali cﬂagg’r% vari ants
in théebr bndistinggishabld frombAbS-¢ g tl@B)ge"flm samedemelysem pltrfbfrmdethbiehel two t he extent
of bival ent opgctl e%rﬁ'zg%l] Qgrslﬁl?slpslhg eci gl{né 2 res gt% t§ If.heaxxxb ta{]ba%raom’e”“ on can be

practiced Rtherw'se escri be regdl ng
descri pti ahe hxgHerewdyﬂpﬂeés&blNNGﬁrﬁums mquhrefdl atait looth@ldmcghmacanaanmnmsof t he

present inyen n are i I Lght of t abov 15 teachi ngs and,
Pher of or o Bt edrisht bR RRFR/ 20 e el puntie 0P oas OrSBTRERI®I 5 TO B
CLAI MED:  binding (Fig. 10C), and the higher sialylated Ab2-GT-WGA-67 was required at 4 to 6-

15  fold higher concentrations than the lesser sialylated Ab2-GT-WGA-5 (Fig. 10D).

Interestingly, the same pattern of decreased binding by Abl and Ab2
variants with higher amounts of sialylation was also observed in experiments analyzing
binding to targets (soluble recombinant antigen or anti-Id Ab) that were immobilized on
96-well EIA plates (Fig. 11A and B). These results showed that differences in the

20  extent of Fc sialylation may impact binding to antigen as well as to FcyRIIIA, but that

the extent of sialylation does not impact antigen binding of all Abs.

From the data on immobilized target binding, it is believed that increased
Fc sialylation may serve to reduce Ab hinge region flexibility. In the case of Abl and
Ab2 binding to cell-surface antigen, reduced hinge flexibility could lead to more
25  monovalent binding and less bivalent (high avidity) binding to antigen depending on the
spacing of antigen epitopes on the solid support or cell surface. The hinge region of
Ab5 may also have reduced flexibility, but flexibility may not be needed for this Ab to

achieve maximal binding to Ag5.
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L A nmethod for controlling the properties of an Fe-containing nol ecul e,
conprising altering the sialylation of the oligosaccharides in the Fe
region. 2. fhe nethod of claiml, wherein the sialylation is increased in
the Fe region. 3. The nethod of claim1l, wherein the properties controlled
are selected fromthe group consisting ofallinity for one or nore ofthe
Fe7Rl, FcyRI JA, and FcyRll 1A receptors, ADCC activity, macrophage or
nonocyte activation, scrumhalf-life, and avidity. 4. "1 he nmethod of claim
1, wherein the sialylation is altered fromthe wild type Fe region by at
| east one met hod selnexdado differentidiebaywernpvhethes ths tAbrilpxdbfilits sifeateari ¢ tr eat nent,
enzymati c ; L catl | ! I t he

nol ecul e, ' eg’%llE hﬁ&%%?%nng Sgrg%%%rggtﬂfc?eﬁib? 3;@ g%}}g%g?’geggg%ﬁl&,gg?éﬁfmexchange
chr omat ogrsajuble,lighnydwasp batddsi a5 a meaatiee afipuraynmohevaivat bigdiag hffinitgi e excl usi on

chr omat ogr a changi ng, t el line used f.or .expression of the protein,
cul turing rﬁ%@%/mé%ﬁgl Sg&‘ﬁ%cgtaattqgr tﬁ?‘ th‘ﬁelﬁ(?élr? ?%‘ME‘E -a%‘g H?%?“Fﬁpthﬁ SB?%%ei nin sertn,
\fmd eXQOSL@geFrmceg Ribnding ta cM&lﬁdrﬁdT @fdﬁ&[}ﬂie&g@ﬁg!ﬂb det‘getaﬁb@ifﬂéﬁhm;lf of ]gl aim1,
erein the Fe-containing nolecule has a binding domajn specific for a
target, sdAPEFYSIGEICRBHFPLAATANB HielribReing tg sofuble tasgetsiig Hdv-hdd o[ claim I,

wher ei n t heEeroEaRd: dthEde REuIDAS Ak et ¥ Rat AifRIrdHILI 1A bEHATRItH im®BSIGsddl C Tor a
target, said target being is expressed on the surface of a cell 7. The

net hod of ergptar{cell-spiace oF Blaterroatrd-wanratidis toglifigpreces indnirigsigaffiiy i body. 8. A
met hod f orycak EQk IFH " [t £ FEref QU b Bk AL herapeutic
protein char a{l:'t e%ipgegrr%%%hg%/ﬁ%g 'tﬂglseg}dr{?é;%lﬁgrreg&gl ?ﬂggsrg%gﬁa?i de coval ently
att ached tAb2sieligepd vampntecin theirdiinfiing tb smmbleligeit2rgetaradve ¢ dilffaienees dfomai n of sai d
protein, | Sl rti e-cont ai ni ng therapeutic protein not of
the 62S2 gﬁ{/@é{tﬁfng%)fnl(g}'aﬁl%lg\égﬁ}nggﬁhgc@ggbchari de being substantially of the (S2

sialylated gl yeof Orﬂ\wilﬁge aear-[ﬂ?tl{yﬁ\ngt%r?cfa{lﬁé ﬁag?ic% AELEL tﬂar?gsi d

Fe-contai ning protein'has one or nore o0 roger I'es selected fromthe
group congiagticulagy déscriedlic éd fadefoimg degeripion Bod/&lainfleantiufesol$ | | A,  reduced

activity in M el | - pedi at ed assays,. enhanc affini for FcyRl,
orhancen  HedticefiS plEiOR o e ERn R to TR B0 Baith i bl o7 e as
c?)rrpa%ed tteachings SdMerefore, QEEitHimihe gcdpb of Mp ependedulgingi N not of the &S2
gl ycof orm
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10. The nmethod of claim@8, wherein the converting step conprises at | east
one of enzymatically engineering a reconbi nantly expressed nonocl onal
anti body, using chromatography to enrich particular glycofornms, using
sialyltranslcrases to add sialie acid residues, and changing the cell line
used for expression ofthe protein. 11. The nethod of claim 10, wherein the
chromat ography conprises lectin affinity chronmatography, ion-exchange
chr omat og , i nteraction chromat ography, or size-exclusion
chronatogﬁgﬁﬁ¥lsTéq&Tﬁggﬂ%EHod of claim 11, wherein the genetic engi neering
i ncorporates glycosyllransferases 13. A nethod for controlllng t he
properties of an Fe- contalnb t herap eut4 rote|n @ cterized as having
t he blanténnar@‘wﬁp Yo heWHAH NG EhePErpaTtER Pl AP TR e PYe é@B@?ﬁﬁ1nc
resi due inidr@ ke skdationprnealiigbbdnarigdiping Fefegfal d protein, conprising
converting an Fe- containing therapeutic protein of the Gl-S2 gl ycoforminto
an ol i gosaccharide being substantially of the &, G, or § non-sialylaled
gl yeof ormg, La;, JhengehAdmaf whbdhThedury s gln@reﬁg%h% FETEARaH. N g prot ei n
has one or nore o properties select romthe group consisting of
enhanced affinity for FcyRII A and FcyRII1 A, enhanced activity in NK
fgl la;:':r?\c/“at tee(roB.@IR( 1thO(§ola¥§u’ndl quc%thsper?pc@luﬁx )1%1%"’11.(3? G% SL]LL[L(?P()]% dedo ?Elel Ista)r/re
Fe- contammhngngMenmeUbt@wpnom&unt&uthhﬁbﬂahLynmfcﬂhﬂmsmabmhahémCGQSZ
glycol) m 15. An Fc-containin ng. poteinlﬁrﬁgpﬁﬁd g{ @ltered by the net hod of
any of oI AP maeRoPRagpr pronogyI el vitioRe s R-FiRe pETYc protein
characterized as having the blantennary oIigosaccharlde co%al cntly attached
to an asparagine residue in the 0112 i munogl obul i dormain of said protein
bei ng sub$t ant il & M§thed O&%mézs@egﬁ"a‘ihszr'a'twelamglsyeaf%rrﬁsﬂ thhereivae E4i d Fe-
cont ai ni NG ALK aNIRAINE KEMEEIRTLIFIN the LRU ¥R A RAL ¥ Rlehihfnt, r educed
activity in NK° cell-nedi ated ADCC assays, enhanced affinity for Fc yRi.
enhanced abiviatiympgifigetonphths makselcoghelireganinudios Rbthe erolesaleukstiial £- 11 fe

d t ' oD Qb SRR ; t t
conpar ed {.0.,R.RLAPR. a0 engE ARG AREHbGE Protein
substantlalfyd@% Pﬂé ngn?LS|gdy?g ed colic gﬂJ t&?q;P } | ﬁ?s_‘ 17. The
prot ei n ofntghadionchemainapky. 8iz¢- h@lm~w®t01mmhbwllaﬂwgth¢ gféltlnmlﬂw tag domai n
of the expression of the protein. culturing host cells used to produce the Fe-containing protein in

serum, and exposing protein to a varied pH environment.

5. The method of ¢laim 1, wherein the Fe-containing molecule has a binding domain

specific for a target, said target being an immobilized target.

0. The method of claim 1, wherein the Fe-containing molecule has a binding domain

specific for a target, said target being is expressed on the surface of a cell
7. The method of claim 1, wherein the Fe-containing molecule is an antibody.

8. A method for controlling the properties of an Fe-containing therapeutic protein
characterized as having the biantennary oligosaccharide covalently attached to an asparagine
residue in the CH2 immunoglobulin domain of said protein, comprising

converting an Fe-containing therapeutic protein not of the G252 glycotorm into an

oligosaccharide being substantially of the G2S2 sialylated glycoform.
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protein is an imobilized target. 18. The protein of claim 16, wherein the
target bound by the binding domain of the protein is expressed on the
surface of a cell. 19. The protein of any one of clains 16-18, wherein the
protein is indicated for the treatnment of oncol ogy-rel ated disorders,
chroni c di seases, or infectious diseases. 20. the protein ofclaima19.
wherein the infectious diseases involve | cR nediated clearance of anti
body- opsi ni zed eII& ﬁ gart cl es. col r|3|n one or both of V|ru§es and
bacteria and tH8° BRPSHPETHMS eé§8r§m Ui ‘dl "SRRI CESATIERT P21, (he

protei n ofprapkdicmcldicdwhal @i glot.heod@rsmﬁ@muﬁ;omtnﬁl@smal Jﬂmnbidr}ammnm expressed
nonocl onal antlbodY t he antlboqrénn ified enzymati cal |
y

si al yl t raf&ierdasaely RAVS riy-mpited Ut ér"*“dlyiré‘éfaa?%t“é‘“éﬁrff” 1&@!81 ugl?‘wguh ectin

affinity ghmlgrmtlggm@pﬂxmp@ﬁgebam 0 rieF @hing hALli@ as L&FpLURS tleaRyed usi ng
si al i dases protein of claim16, wherein the protein is a

reconblnaﬁ@ﬂ?“@Kﬁ%&@S@ﬁinﬁ%del@ﬁ%%Q%ﬁ%$héﬂympur|f|ed usi ng one or nore of
affinity chromatograpy, ion- exchange chronmatography, hydrophobic

i nteraction chromat ography, and size-exclusion chromatography. 23. | he
protein oﬂ(claﬂhwmﬁmomhéﬂehﬁ%mheemﬂhdﬂmtvﬁmhﬂﬂnnmmg&aph¢dﬁ9n¢c&tin affinity
chronatogra t.he protein is a

monocl onal® n%{)llbaqla (.n%mccrméa rudgm )manlpy L\chsscg{rqolmct?3naMn§1rbo(ﬁyéds1h%st cel | havi ng
enhanced kﬁ%&h&@ﬂ@hﬁkﬁhyéwﬁdmiu@ﬁEB&M&h%laﬁﬂﬂmﬂﬂnmﬁﬁhmﬂﬁ%¢ﬁmkmb©ﬂmbs 25. An
Fe-containin theg&peutl pgf@ejn aracterlzef as having the biantennary

ol i gosacchatfige RbPATEnd iy Cdt Pchetiof o PSS A BEAPABIHAS residue in the CH2

i mmunogl ohul i n donaln ofsaid proteln bei ng substantially in the

non-si al yl at ed_GO, colornms, wherein said Fe-containing protein
has enhandéd aflh§ WFWa f)fcfrld'rﬁcvw eI iy REYRIZRDY CUppsRe et Tl ty in NK

cel | - medi @El%%aﬁ%ﬂ%ﬂ)&%hdll%@QHQI%QOQ:{{}EHyUh)tdYoﬁchQ!;lc Rl Gon raﬁr@Hﬁﬁ)%rapﬁP'o“ ty to
activate macrophages, and prol onged scrumhall=life conpared to the sane

Fc- contaﬁﬁrnghbhéﬁéﬁéuwnﬁﬂﬁroteln which is substantlally in the 62S2
gl ycof orm

12. The method of claim 11, wherein the genetic engineering incorporates

glycosyltransterases.

13. A method for controlling the properties of an Fc-containing therapeutic protein
characterized as having the biantennary oligosaccharide covalently attached to an asparagine
residue in the CH2 immunoglobulin domain of said protein, comprising converting an Fc-
containing therapeutic protein of the (G2S2 glycoform into an oligosaccharide being

substantially of the G2, G, or G) non-sialylated glycoforms.

14. The method of claim 13, wherein said Fc-containing protein has one or more of the
properties sclected from the group consisting of enhanced affinity for FcyRITA and FeyRIIIA,
enhanced activity in NK cell-mediated ADCC assays, reduced affinity for FeyRI, reduceded
ability to activate macrophages, and longer serum half-life as compared to the same Fe-

containing therapeutic protein substantially of the sialylated G2S2 glycotorm.

[5. An Fe-containing protein produced or altered by the method ot any of claims 1-14.
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26. The protein of claim25, which is indicated for the treatnent of

oncol ogy- related indications and conditions. 27. The protein of claim 25,
wherein the oncol ogy-rel ated indication is Non- Hodgkins Lynphoma. 28. The
protein of claim?25, wherein the protein is a reconbinantly expressed
nonocl onal anti body nodified enzymatically using sialyltransterases or

si ahdases. 29. The protein of claim25, wherein the proteinis a

reconbi nantly expressed. nonocl onal antibody purified using one or nore of
LTty dhr ondt Sgrangnmedrerey SR et Sisshi R efRon: o

i nteracti ongRucRIRE g adphy attaRell Biad @spaginusds@ne inah¢ onat.aguapyhuliz0. The
protein of claim?29, wherein the affinity chr tography is lectin affinity
chr omat ogHYpHY Of B P"P‘Flné’cﬁlﬂdt‘%*?aﬁ“gb/ i R 3g T\ et it e “f?r‘fdt"eﬁawrh% a
nmonocl onabofdibih PN iEXRF&RS&Ch HiMnaor R9RIIAGRN IFcganat iaaldiycengiinegr ed to have
enhanced | evels of sialylated or asialylated oligosaccharides. 62 32. The
protei n ofclemadisged D6 DgrysiaBedrtiHE Br GirBl snhagc b8y BB YSm t he group
consi st i ngy, ook, afPor@BrunalMScomaredAo FBEPAG st (R @RRNMLNYg a batch of

t herapeutic reconbi nant Fc-containing protein characterized as conprising
an i nmunoginebuhg melageutic potigip subdentdl by 1o fhe apn-|seddatedORl Gheor egiommrma (@ H2,
and a CH3 domain, wherein the nethod conprises treating the batch with an
enzynme to add or renove sugar residues fromthe pol ysacchari de chains
attached ta sallt prpeotedichim 34, whargphte megebdiind &b tleampadiitdipnioconpsiitsi ng a
protein progyced bﬁ thfngIhqd of claim 33 in conbination with a

phar maceuf &4 FY" 40PN 461 UE¢arrier. 35. A method of using a protein
produced by the nethod of claim34 for treatnent or diagnosis of a disease
or conditi

n. 36. The nmet hod of claim 35, wherein sajd protein is used to
treat a négpl azlﬂ‘i Rogingd gapn ?%é‘fh&ﬁ‘b ef*‘f%ﬁ?‘t“ﬁg béf‘lﬁd‘ﬁ“&&%@i“’ﬂ'l ‘?fdh‘“of a
car ci nomaproeil ¥ FRHONBI orfth ANf0FBEa @Nd a nyel oma.

19. The protein of any one ot claims 16-18, wherein the protein is indicated for the

treatment of oncology-related disorders, chronic diseases, or infectious diseases.

20. The protein of claim 19, wherein the infectious diseases involve FeR mediated
clearance of antibody-opsinized cells or particles comprising one or both of viruses and

bacteria and the chronic diseases requiring long term treatment.

21. The protein of claim 16, wherein the protein comprises a recombinantly expressed
monoclonal antibody, the antibody modified enzymatically using sialyltransterases, having
particular glycoforms enriched using lectin aftinity chromatography, or having sialic acid

residues removed using sialidases.

22, The protein of claim 10, wherein the protein is a recombinantly expressed
monoclonal antibody purified using one or more of aftinity chromatograpy, 1on- exchange
chromatography, hydrophobic interaction chromatography, and size-exclusion

chromatography.

23, The protein of claim 22, wherein the atfinity chromatography is lectin aftinity

chromatography.
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37. the nethod of claim35, wherein said protein is used to treat an
inflammatory disorder selected fromthe group consisting of psoriasis,
rheumatoid arthritis, ulcerative colitis, inflammtory bowel disease,
Crohn's di sease, and system c |upus crythematosus. 38. The nethod ofclaim
35, wherein the protein is used to treat disorders involving corneal or
reti nal neovascul arization. 39. A nethod for controlling a binding affinity
for a target of an Fc-containing nolecule having a binding domain specific
for the target, conmprising altering the sialylation of the oligosaccharides
in the Fc24egi dhe prd@in oTkhaimed.hvadraf ¢k aromiBdB a mvreclend abtiledgbglryskatinan 1 s
increased in.the Fe region a the avidity is . decreased. 63 41 The net hod
of Ccla; m SoTug R Rt s e el eEu SR S REE% ogi on and the
avidity i siohtgsrasrdodid?2. The nmethod of claim 39, wherein the sialylation is
altered fromthe wild type Fe region by at |east one nethod selected | om
the group consisting of enzymatic treatnent, enzynmatic nodification of the
nol ecul e, xgenehh ¢cBRhRMLMIMRuR prd bR ARhAGHULE as hLRL:I R bishERARE Ogr aphy.
affinity chromatography, ion exchange chromat ography, hydrophobic

i Nt er act i ORZGMICBITRE HrapHy ataspebloar etrasizions Ehfsratisdraphynuegloiging the cel |
l'i ne usedd&ggin opgglmﬁﬁl%InQQiansulgsrh%liB[ﬂB%{erh’on-%lé‘ﬁz“%, GLE @9%F(:§‘§lyL§10H§§d to
produce the Fc-containing protein I'n serum "and exposing protein to a

vari ed pHwésavinsedrerspntaddBig piien et dabehced aftihay tor 4R IherddicmRtie enzymati c
Lot AR S SRR D LB RS B8] e 44, e
met hod of a@ligittnua@@ate wherophdpet, hed pratogadd sesinebabk B&secpand tdwe sanidfface of a cel

46. The net hod ofcl aim 39. wherei.n the Fc-containi | ecule is an
anti body. P A HUBATI Gh GEDr buer s BT Ce fTedlorms

26. The protein of claim 25, which is indicated for the treatment of oncology- related

indications and conditions.

27. The protein of claim 25, wherein the oncology-related indication is Non- Hodgkins

L.ymphoma.

28. The protein of claim 25, wherein the protein is a recombinantly expressed
monoclonal antibody modified enzymatically using sialyltransferases or sialidases.
29. The protein of claim 25, wherein the protein is a recombinantly expressed

monoclonal antibody purified using one or more of affinity chromatograpy, ion- exchange
chromatography, hydrophobic interaction chromatography, and size-exclision

chromatography.

30. The protein of claim 29, wherein the affinity chromatography is lectin affinity

chromatography.

31 The protein of claim 29, wherein the protein is a monoclonal antibody expressed in a
host cell genetically engineered to have enhanced levels ot sialylated or

asialylated oligosaccharides.
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consisting of Abl, Ab2, Ab3, or AbS.

The protein of claim 16 or 29, wherein the protein is selected from the group

33. A method for preparing a batch of therapeutic recombinant Fe-contaming protein
characterized as comprising an immunoglobulin 1gG isotype domain of at least a hinge
region, a CH2, and a CH3 domain, wherein the method comprises treating the batch with an
enzyme to add or remove sugar residues from the polysaccharide chains attached to said

protein,

34. A pharmaceutical composition comprising a protein produced by the method of claim

33 in combination with a pharmaceutically acceptable carrier.

35. A method of using a protein produced by the method of claim 34 for treatment or

diagnosis of a disease or condition.

30. The method of claim 35, wherein said protein is used to treat a neoplastic disease

selected from the group consisting of a carcinoma, a lymphoma, a sarcoma, and a mycloma.

37. The method of claim 35, wherein said protein is used to treat an inflammatory
disorder selected from the group consisting of psoriasis, rheumatoid arthritis, ulcerative

colitts, inflammatory bowel disease, Crohn's disease, and systemic lupus erythematosus.

38. The method of claim 35, wherein the protein is uscd to treat disorders involving

corneal or retinal neovascularization.
39. A method for controlling a binding affinity for a target of an Fe-containing molecule
having a binding domain specitic for the target, comprising altering the sialylation of the

oligosaccharides in the Fe region.

40. The method ot claim 39, wherein the sialylation is increased in the Fe region and the

avidity 1s decreased.
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41. The method of claim 39, wherein the sialylation is decreased in the Fc region

and the avidity is increased.

42. The method of claim 39, wherein the sialylation 1s altered from the wild type F¢
region by at least one method selected from the group consisting ot enzymaltic treatment,
enzymatic modification of the molecule, genetic manipulation of the molecule. lectin
chromatography, affinity chromatography, ion exchange chromatography. hydrophobic
interaction chromatography, size-exclusion chromatography, changing the celt line used for
expression of the protein, culturing host cells used to produce the Fe-contaiing protein in

serum, and exposing protein to a varied pH environment.

43, The method of claim 42, wherein the enzymatic treatment comprises treating with

sialidase or sialyltransferase.

44, The method of claim 39, wherein the target is an immobilized target.
45. The method of claim 39, wherein the target is expressed on the surface ot a cell

O

46. The method of claim 39, wherein the Fe-containing molecule is an antibody.

47, Any nvention described herem.
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