METHODS FOR MODULATING MANNOSE CONTENT OF RECOMBINANT PROTEINS Background
of the Invention [0001]Higher eukaryotes perform a variety of post-translational modifications,
including methylation, saltation, phosphorylation, lipid addition and glycosylation. Such modifications
may be of critical importance to the function of a protein. Secreted proteins, membrane proteins, and
proteins targeted to vesicles or certain intracellular organdies are likely to be glycosylated.
[0002]N-linked glycosylation is a form of glycosylation involving addition of oligosaccharides M an
asparagine residue found in recognition sequences (e.g., Asn-XSer/Thr) in proteins. N-linked
glyemproteins contain standard branched structures, which are composed of mannose (Man),
galactose, N-acetylglucosamine (GMNACc) and neuramic acids. Protein N-glycosylation typically
originates in the endoplasmic reticulum (ER), where an N-Jinked oligosaccharide (e.g., G1c3 Man9
GlcblAc2) assembled on dolichol (a lipid carrier intermediate) is transferred to the appropriate
Aspatagine (Asn) of a nascenhraigiB DEIBis MbSIEDE soRT WMot kasyotiedlinked
glycoproteins. There are two major types@¥f tdicked Brcsharid8€y higihtsnannose oligosaccharides,
and complex ollgosaccharldes [0003]H|gh mannose oligosaccharides typically include two
N-acetylglucosarHisazygith i ahenayaRBes residues (e.g., greater than 4) Complex oligosaccharides
are so named bega]mg they cangﬁemalmahm%ﬁmymmﬁ@y@ffmtetthm&ﬁyp@ abgieetiankdes,
including more than, e QUGG NsaERIH AHGOSAMINGS,, Fﬂg@aem&@ama@ deosikggd duboth types

of oligosaccharides on different portions of the protein. Whet eran o acch ide Is, high-mannose
or complex is tholGAt T HeBRA S RE%E&W?’W%%% and ‘éor%%g@fﬁtgmﬁro &R ﬁe Bdgi
apparatus If the sacoharideisteaintrdipririsiosdgsiitd, tht veilltso st krehnsepinlineo Agitns sigiemannose
form. If itis acceaai@i%m,%rgmgg;mgathat many of the mannose residues will be cleaved off and the
saccharide will beb bEBeT MO S RAAIan O gﬁéo%t,%%aﬁn%&giggaﬁﬁ%%rﬁppve

igosa

[0004]After an ol charide c aln n added t to ofein, the three glucose and one mannose

residues are remGbéﬁFW%ﬁ?éésdﬁ@}é?ﬂ%W%%%eafoﬁ’%gd’b’ﬁi’@@‘l‘}ﬁ% 5?\98?&"85&%33’ M HEER and is a
signal that the pré&teifTicaun ipectedmns Pértad«bailyecGotginforchirihetaprootssingeA fendheeprabessirg in

the ER, the high- %&V&%zﬁ@@@@ﬁﬁﬁh%JQ%{B%JQ@@&;}@&&%%QH@@ﬁ%é?ﬂﬁu@ﬁ@ﬁ%one
specific alpha-4,2-li QB rggagrﬁg EfyggSSI e a fp txéglrfgf%\fxeg b% s%etglﬂ Bn%)g?o%gca% Q%)lcNAcz e

alpha-1,2- -mannoéidase IR ore oligosacchari ucture

protein with this cﬁ%fgwé%&ﬂ%ﬁm@%%%ﬁérﬁ%@ =t@1mé‘/@]&QléﬁﬁéPh?ﬁ%eWﬂéﬁi@ﬁf@%ﬂﬁ’éﬁ%féty

undergoes varioussmaedifieatiafis:=)00 Bailsfananisat appegis; tthesmodification)affthe:sugapelam

proceeds via 3 d'*fﬁ(?@aﬂ%%W@é@ﬁl?&%%@u%ﬁQ@a%%%@b@ﬁ towhichyitis addedhe three
oe

different pathways are I%the core sugar chain S not chan the core sugar chain is changed
by adding the N- é&?f/l&‘% BEKrHiFRSSBHESH AERE TSRS (5 hapdes, 196 EPRES etyl glucosamine
(UDP-GloNAc) toolheessbaititss: of mannose in the core sugar chain, followed by removing the GleNAc
moiety to form ang@mjdjc suganghrimindhe glyeepiaiain: ortidheicaiastgar clainis.tsshiaaryerted

into Maus GIGNAG by ISMovInaL3, a0 g es@&‘&%h‘é‘ﬁtﬁ Mapky §§e9%ﬁgoga%’éﬁgéd%]a%\'ﬁq?aﬁeéu”her

modified by adding Glc cNAC an removing ore mannos residues, followed by sequentially adding

GleNAc, galactos@f@’ﬁﬁﬂ‘ﬁﬁ&%&8@%%\%&%%?&%8%&1@8‘83% %‘Fftogé?&%ﬁ@ﬁﬁﬂﬁﬁjﬁq%rm
various hybrid or complexr sugaiztidine (RastayideleandnSs. Kbuitald cAnre Reve Bietldémbsid: 631-664

(1985); Chiba at @lxed. B0 6081263 02 628826394 dkA98)k protein. Whether an oligosaccharide is

high-mannose or complex is thought to depend on its accessibility to saccharide-modifying

proteins in the Golgi apparatus If the saccharide is relatively inaccessible, it will most likely
stay in its original high-mannose fonon. I it is accessible, then it is likely that many of the
mannose residues will be cleaved off and the saccharide will be further modified by the
addition of other types of group as discussed above.

(60041 After an oligosaccharide chain has been added to a protein, the three glucose
and one mannose residues are removed by three different enzymes in a fixed order. This
event occurs in the ER and is a signal that the protein can be transported to the Golgi for
further processing. After the processing in the ER, the high-mannose type oligosaccharide is

formed, The three glucose residues and one specific alpha-1,2-linked mannose residue are



[0006]The oligosaccharide content of recombinant proteins can affect the safety and efficacy of
therapeutic glycoproteins. Accordingly, methods for controlling the oligosacchatide content, particularly
the mannose content, of such glycoproteins would be beneficial. [0007]The high mannose content of
glycoprotein compositions, particularly therapeutic antibodies, can significantly affect the safety and
efficacy of such proteins during therapeutic use. Without being bound by a particular theory, evidence
suggests that highmannose glycoproteins are cleared from circulation faster than their low mannose
counterparts due to, for example, mannose receptors on macrophages and dendritic cells.
Additionally, high maxmose glyeoproteins are expected to be more immunogenic. Accordingly, it is
desirable to produce therapeutic glycoproteins such as, for example, therapeutic antibodies, having
low mannose content. [0008]The present inventors solves this need in the art by providing methods for
modulating (e.g., controlling or reducing) the mannose content of recombinantly produced proteins and

peptides. -3 Summatry of (e |avenlian[A0091T e, iR m&%@m&p@%ﬁm@mnmt on the
dlscovery of factors that a ect mannose content an articular, annose content of
gFTeRE e
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e prgsenfunven’uon
provides a methadspheddulht Sipltiernannescheor o firanae urreigosaveirmdecdifieatngn) of a

recombinant glygggyptein pragdueeshiniapanmaliasuinaticelbbniapipulatingsbeacli calture
conditions such tpfat the g{{}/copr tein roduc;rgd bXtthe cell h@g\!‘%\{\éhrqg 8§gdc%geme@§w§%gthereln

the term "low- mannggfépcorﬁeﬁi refer nl%éflyco rotein cor positions wherein less than about 10%, or

less than aboutr@Jsvaysass (et thap, ARBORRADS IS 5 I0TE SRRt P TSRS
composition have maie; thamikagineseaesiclgshékghparasipaciCsdiiv3-6) greatedl-Astybed herein,

the term "low-m %ﬂé&ﬁ%ﬁ%r&%ﬁéi%ﬁz&%i%%ﬁ@@b&ﬁ?f&&@lﬂl&mﬁlﬁmwﬁ@g@eﬂﬁﬁsmm@@out 10%,
less than about %, less than about FM, less than abou%?% less than aggét 6%, less th%r} f%bout 5%,

b
less than about 205 SRR SIS SO TEEE I0ER AhaTTiSon s, ess & about Pre, or any
between any ofatresegarebethiigfraheey earbiiindpsdplsNAcs by removing 3 mannose residues with
mannogidase I; Mans GlcNAc, is further modified by adding GleNAc and removing 2 more

mannose residues, followed by sequentially adding GleNAc, galactose (Gal), and N-
acetylneuraminic acid (also called sialic acid (NeulNAc)) to form various hybrid or complex
sugar chains (R. Komfeld and 8. Kornfeld, Ann. Rev, Biochem. 54: 631-664 (1985); Chiba
et al., J. Biol. Chern. 273: 26298-26304 (1998)).

[0006] The oligosaccharide content of recombinant proteins can affect the safety and
efficacy of therapedtic glycoproteins. Accordingly, methods for controlling the
oligosaccharide content, particularly the mannose content, of such glycoproteins would be
beneficial. '

[Q007] The high mannose content of glycoprotein compositions, particularly
therapeutic antibodies, can significantly affect the safety and efficacy of such proteins during
therapeutic use. Without being bound by a particular theory, evidence suggests that high-
mannose glycoproteins are cleared from circulation faster than their low mannose
counterparts due to, for example, mannose receptors on macrophages and dendritic cells.
Additionally, high mannose glycoproteins are expected to be more immunogenic.
Accordingly, it is desirable to produce therapeutic glycoproteins such as, for example,
therapeutic antibodies, having low mannose content.

[0008] The present inventors solves this need in the art by providing methods for
modulating (e.g., controlling or reducing) the mannose content of recombinantly produced

proteins and peptides.



[0011]In one embodiment of the invention, low-mannose content is achieved by maintaining the cell
culture environment at low osmolality (e.g., less than about 600 mOsm/Kg, or less than about 500
mOsm/Kg, or less than about 400 mOsm/Kg, e.g., between about 380 to 250 mOsm/Kg). This
enriches the cell culture for glycoproteins having low mannose-content i.e., having 4 or fewer matmose
residues on the oligosaccharide side chains of the glycoprotein. Accordingly, in a particular
embodiment, the invention provides a method for producing a recombinant glycoprotein having
low-mannose content comprising culturing a mammalian host-cell (e.g., in an expansion or production
phase of the culture) which expresses the glycoprotein in a medium having an osmolality of about 690
mOsm/Kg or less (e.g., between a range of about 200 and 600 mOsm/Kg, e.g., about 250 and 550
mOsm/Kg, about 250 and 500 mOsm/Kg, about 250 ar_lq 450 mOsm/Kg, about 250 and 400
mOsm/Kg, about 250 and 380 mOsm/Kg, or about 250 and 350 mOsm/Kg). [0012]The foregoing

osmolality rangggmc%rgrbeo ﬁp‘jq}{gg‘ml{nanipulaﬂng a number of cell culture parameters including, but

not limited to, € one or more of salts, vitamins, sugars, peptones andaming.acids in
the cell culture HEHLm. Acég?ﬁmﬁ‘ff/?‘iﬁ“&eﬁg?ﬁéﬁ?aarseedm%oﬁiﬁ%len ,a?heo ?r%geen]t?g%vﬁ%slides a method of

producing a recgfatimantaly comrotaindhinat ol nRaHaaresn teRtBY elAtEPME R HESEERIAS ich
expresses the gjy&g%@ggjg] in a medium containing potassium at a concentration of about 70 mM or
less (e.g., about 10 mM to ahout 50 mM,: and/or ' C el abeil.dQ@ mM or less
(e.g., about 50 FRRA% about f)??rr%f\}g%r%orrﬁ%l% glér%%g%? %@tn%g‘;}la%%g%%ﬁéugp cultur%at atbout 600
mOsm/Kg or Iewmgﬂ%ﬁ}ﬁm%ﬁ@@ﬁ%ﬁcﬁwﬁﬁ?ﬂ{ég‘i’ﬁ??‘é‘i}?ﬁﬂﬁep”)l%?/f 88k method of producing a
recombinant glygopgiaiinavingdow-mannossaodnis sebycuitaiinde Anache-edl Wiieh ERpYESSes the
glycoprotein in g mediumavichissubstantiabnfree ehons afmasermanpaatidsselectediiom the
group consisting of alanine, arginine, aspatic.acid and glut Enic acid, . Nt asmolality of
the cell culture g‘t"atﬁﬁﬂt Eﬁﬁrﬁ?%“sorﬁ%ngfl ieg%%ﬁgolﬁ%%‘%ﬁﬁt%ﬁﬁ# %ﬁﬁ%%t%%%n%%ﬁ%%m, the
medium can inclGtfe eriesetharorboviAHies lseldete 4778 Tl Routr VB ASRIHGEOY Bibth, D-calcium
pantothenate, chghipgrellatidemtodisngeidriminesiohoniatinahidenyicodesicl apysigeiane MIC1,
riboflavin, thamine HE1 angd cyanaconalamil, Al L RGRBLAIRRAF HRLIERQ0095 @frseabout 0.9 g/l
In yet another eml%&lme'nt, the' medium includeségl cose ata conggyﬁlrasgi%n of.about,1 mM,iq,about

% 0, & i

90 MM In a furtifeFERTHIEMTEIRFCR T St AIRE s ShE Bt Thore peptones : selectod from the group
consisting of yeasteavadtsyeastdhwdt s kts, ey veptdiie sy RydRsy stk [vhasr septbAg and wheat
hydrolysate, at 8.coRGaRNAIYOT b a1kl @/ L) abaytate/hef00tHhy yetesturthedembodiment of
the present invention, the cell (Eulture medium can include one or more osmoprotectants in an amount

necessary to mafEiit ?ﬁgvggr%(ﬁ%ﬁﬁy at a desired level, e.g., about 600 mOsm{K}S tIaggg.bSuitable

\ Kq ar.
osmoprotectant§08id known i e SHORATHLIAEY ooy IR BRHAIRE G cine, %’ﬁreonlﬁ'e and
L-proline, and desivatiessthereof suloivasyiormeanmplexgtyoinkbistdire. die Betapr0d8hyde. In a

particular embogiment the osmapEoleslaRbiebshatalne) dsnrasanir aranpenltgtios.of about 20

mM or greater in the cell culture medium,.In pari ar embo [ d ) roleriani(e.o.,
betaine) is preséfit %% &%%ér%ﬁ’é?i%%‘%f]g %E?%Bt'm 6 a %ﬁ% ;%%3 ér% Mm(%%?%}ggg{n go mM {0 about 30

mM. [0016]Addifieriakdett oeinmeseaaitm s HARASF BavebMPBRSEE 'SHABFABAY S C

side chains of the glycoprotein. Accordingly, in a particular embodiment, the invention
provides a method for producing a recombinant glycoprotein having low-mannose content
comprising culturing a mammatian host-cell (e.g-, in an expansion or pr:aduction phase of the
calture) which expresses the glycoprotein in a medium having an osmolality of about 600
mOsm/Kg or less (e.g., between a range of about 200 and 600 mOsm/Kg, ¢.g., about 250 and
550 mOsm/Kg, about 250 and 500 mOsm/Kg, about 250 and 450 mOsm/Kg, about 250 and
400 mOsm/Kg, about 250 and 380 mOsm/Kg, or about 250 and 330 mOsm/Kg).

[0012] The foregoing osmolality ranges can be achieved by manipulating a number
of cell culture parameters including, but not limited to, concentrations of one or more of
salts, vitamins, sugars, peptones and amino acids in the cell culture medium. Accordingly,

in a particelar embodiment, the invention provides a method of producing a recombinant

glycoprotein having low-mannose content by culturing a host-cell which expresses the



combination with one or more of the parameters described herein include, for example, temperature
and duration of time which the cells are cultured for. in certain embodiments, a host-cell expressing a
recombinant glycoprotein is cultured at a temperature of about 31C to about 38C. In certain other
embodiments, a host cell expressing a recombinant glycoprotein is cultured for a period ranging from
about 5 days to about 14 days. [0017]Suitable host cells for expressing recombinant glycoproteins
according to the present invention are well known in the art and include any of those described herein,
such as CHO cells, lymphocytic cells (e.g., NSO cells) and a variety of other mammalian cells.
[0018]The present invention can be employed to product a wide variety of glycoproteins having
Low-mannose content as described herein. In a particular embodiment, the invention is used to
produce a recombinant monoclonal antibody or an antigen-binding fragment thereof having
low-mannose content. Suitable antibodies can include, fot-example, murine, chimeric, humanized and
fully human antibp(!j:ioe%talsn \{\]/Jeall as Pthecroamiblodé fé)arlns kqgwn in tpe art. In another particular
embodiment, th& antthody binds T e R L R S AR Yo iRt QB bRE Stfis closed in
U.S. Publication{#: 2bef3 Conidda 2pewifie midinmasyporedeus refarembntivarefiatiouits @htitdtys In
another particuldesetazodirenty therantibody: (0 anfullydamaanmenosionalantipodyrhai hipdsdL-15
having a light chaig,yarile.Feaian,coRuRtising the amino acid sequence set forth in SEQ ID NO:4
and/or a heavy il&ﬂg variable region comprising the amino acid sequence set forth in SEQ ID NO:2,
as well as homoldgous sequEhTEEARARI BRRPHTEEH EG M HAINYBAYIHES AcRF2ed GE AR BRabout 80,
85, 90, 95% or grézriieriraiiyior SEQOMHYIND o W-or8EQ tDnNG b2, cdspagtivedy)-ciil afirther particular
ehm boo:c i r?] ent, the@%bmw%@&}?ﬂ?@fh %QHQ%RMB@;&}Q&Q%éﬁé@m@&l@nﬁ@ﬂ%%ﬁé@mi&% éﬁﬁﬂx@ ent
thereof, having a li rigble region comprising ane or more complementayrity determjning
regions (CDRS)QS%%%?&;%%EgE&QL 5] ﬁl%]%_):g?fél,%gg\ﬁﬁq a%ﬁ?b?nr%%a%’uaépseqﬁ%cﬁ%& R Aa e -15
(e.g., having anfifoBRRfAERESeesiaityaf 6 c8% cogrosyshenypeamePrefitytirsny of SEQ ID
NOS: 8-10, resdéetitiely), anth addgavy cheill variableregioneohphisitgranandnNAke.Go BHementarity

determining regiana(RRSSPAAAILSERRNGS 5rfasvislbasanaladaus seguspges which
bind IL-15 (e.g.,c%\éigg %ng;réoi Cii_qﬂ seqyences of about 80, 8% ﬁo, 95% or g%eate,r identity to any of
SEQ ID NOS: 5-7, respectivelyy. in a partcarar Shisotiient & rudh fidtodondPaftisedy that binds
IL-15 or an anti PR ShGARAGHerAprEwe, relaersmarigh ehainw A0S whitnbompdsifig all three
CDRs set forth itz SEenéhdNOsh8dt@pantha-heivy ehhinsafialle regiomcomprising ahthiegneDRs set
forth in SEQ ID N@s5ueob.ALLORSSRINS ARG A6 S hsiititions, thereof. (001NN yet another
aspect, the presS%{étcgtnX%ntlle fProwdes recomblfnant glycoproteins having Tow-mariose content
produced by the methods descrBed Kerain Yo g SutH Y SRUBRGRM S MESFIRE8®any of the
aforementionedtitiEpayseisiv biycomiotsinsd stohtdsantivodiess horeonaihreriapmed). pefitives and
other glycoprotedns:: §0@20]Also encompassed by the present invention are compositions comprising
any of the aforem@tjoned QIX%PE%@%@%‘@Q%A%"HE nose ¢ ntger%ign %Qg&r[icukar embc?_diment, the
composition is a pharmaceutical composition that iIncludes an 15olated giycoprotein te.g.. an isolated
human monoclSHAIMEHEEERT ATPBmALTPRINSIAR STy ERCH RS Ay Rentimeriss ety
low-mannose cehiatssagid ey Phagn aesttichl p GoodpgablesarsisaiR0R M Aecoxdinglyrd Rustillanother
as_;;}ect, the pres%h&mn?gm&gq&ﬁm@ﬁ@gﬁ,gfﬁggﬁ{@gﬂ%pgglygr&g@gdq,gigﬁ%%dt@#ﬁ@ﬁoIcli_atlesd
with an overex uman, IL-15 and/or in whic ownregulation or inhibition of human IL-
induced effectspci%%%%ﬁ%‘%gf’i?j 6%\%5% @9"’& en%ﬁ?sl éc’"r?ﬁ% ggtiémscuef?j%ll&f’ ah i%‘o‘fé%g&q‘@f’ﬁ antibody
having low-marfiges@ite e BSRARRERAaIE@Ih e H RIS et breersntivnitatbrookeiset Rlis soriasis,
multiple sclerosis grimsemiatoid-al thitiss: mfidimmdiopurhiove] ditease:(es ghdroipseisease. gl celiac
disease), allograétaiigstionsgia ¥erausnast Hiseass: T-aallBRRamA.RRd, Treallleskena,
[0022]Accordingg;é,u;:rggtinlklﬁnother aspect, the present invention provides a method .

[0016] Additional cell culture parameters that may be controlled, either alone or in
combination with one or more of the parameters described herein include, for example,
temperature and duration of time which the cells are cultured for. In certain embodiments, a
host-cell expressing a recombinant glycoprotein is cultured at a temperature of about 31°C to
about 38°C. In certain other embodiments, a host cell expressing a recombinant

glycoprotein is enltured for a peried ranging from about 5 days to about 14 days.



of treating or preventing a disorder that is associated with an overexpression of human IL-1 5 and/or in
which a downregulation or inhibition of human IL-15 induced effects is beneficial is provided, by
administering to a subject an isolated IL-15 antibody having low-mannose content. Exemplary
disorders include, but are not limited to, arthritides, connective tissue disorders, ophthalmological
disorders, neurological disorders, gastrointestinal and hepatic disorders, allergic disorders,
hematologic disorders, skin disorders, pulmonary disorders, malignancies, transplantation-derived
disorders, endocrinologic disorders, vascular disorders, gynecological disorders and infectious
diseases. Brief Description of the Drawinvs [0023]Figure 1 is a graph depicting the correlation between
osmolality and high- matmose content of a fully human monoclonal antibody that binds IL-15 produced
by culturing cells expressing the antibody in shaker control (50 rnL) and bioreactors (150 L and 500L),
[0024]Figure 2 is a graph depicting the correlation betweeh addition of an osmoprotectant, betaine,

and high mannqggyoprient S ulbean s sianakaolsedy st o diad 2. d00GalRGe 3 1s 2

graph depicting orrelation between osmo + concentration of culture, me

[0026]Figure 4 KEGHAPYEESEng é‘W@ﬁﬁbﬁ?ﬁé&@é@ﬂ%ﬁWﬁﬁﬁhﬁ@ﬁWW?ﬁﬁW}human
monoclonal antisdtijGhatibihasyHodysaerdloengalBIR9, dsiisteitd Bngroaiiofvharedivmiicontailsing either

15 mM or 45 deﬁ@ﬂ [002 fidgren inraiaphisakranseseatatinonbthecaralationbetween the K+
concentration and h ma nose content, showin tg tthat (fr%pgrl?al cor&ﬁentr%ﬂon of Kggo Ié%eplng the
out 7

high-mannose é’b’r’ﬁ B&8W iﬁg/c)?gb% Ween apo ure IS a graph

representing th éheow&f&tmsa@ﬁﬁé@ﬁrﬁﬂam%ﬁé@ﬁﬁm@hwﬂ@ﬂlﬁﬁ&ﬁﬁ%er@@rﬂ%ﬁt&eﬂsﬁmﬁm@ that the
optimal concentrajitiekidado hkesping thedhigh-coanmno Seitantentibelitw &% itbetiveernablut 0 mM

and about 200 %M’ine, chimeric, humanized and fully human antibodies, as well as other antibody forms
known in the art. In another particular embodiment, the antibody binds IL-15, which
includes but are not limited to the antibodies disclosed m U.8. Publication No.: 2003-
0138421, which is incorporated by reference herein in its enfirety. In another particular
embodiment, the antibody is a fully human monoclonal antibody that binds IL-15 having a
light chain variable region comprising the amino acid sequence set forth in SEQ ID NO:4
and/or a heavy chain variable region comprising the amino acid sequence set forth in SEQ
ID NO:2, as well as homologous sequences which bind IL-15 (e.g., having amino acid
sequences of about 80, 85, 90, 95% or greater identity to SEQ ID NO: 4 or SEQ ID NO: 2,
respectively). In a further particular embodiment, the antibody is a human antibody that
binds [L.-15, or an antigen-binding fragment thereof, having a light chain variable region
comprising one or more complementarity determining regions (CDRs) set forth in SEQ 1D
NOs:8-10, as well as homologous sequences which bind IL-15 {e.g., having amino acid
sequences of about 80, 85, 90, 95% or greater identity to any of SEQ 1D NOS: 8-10,
respectively), and a heavy chain variable region comprising one or more complementarity
determining regions (CDRs) set forth in SEQ ID NOs:5-7 as well as homologous sequences
which bind IL-15 (e £., having amino acid sequences of about 80, 85, 90, 95% or greater
identity to any of SEQ D NOS: 5-7, respectively), In a particular embodiment, a human
monoclonal antibody that binds IL-15 or an anﬁgembindiné fragment thereof, includes a
light chatn variable region comprising all three CDRs set forth in BEQ ID NOs:8-10,and a
heavy chain variable region comprising all three CDRs set forth in SEQ ID NOs: 5-7, or
conservative amino acid substitutions thersof,
[0019] In yet another aspect, the present invention provides recombinant
glycoproteins having low-mannose content produced by the methods described herein.
Accordingly, such glycoproteins may inclhide any of the aforementioned therapeutic

glycoproteins, such as antibodies, hormones, enzymes, peptides and other glycoproteins.



[0029]Figure 7 is a graph depicting the correlation between amino acid concentration and
high-mannose content. [0030]Figure 8 is a graph depicting the correlation between the type of feed
medium used and high-mannose content. Detailed Description of the Invention [0031]Accordingly, it is
desirable to produce therapeutic glycoproteins such as, for example, therapeutic antibodies, having
low-mannose content. [0032]In order that the present disclosure may be more readily understood,
certain terms are first defined. Additional definitions are set forth throughout the detailed description.
|.Definitions [0033]Carbohydrate moieties are described herein with reference to commonly used
nomenclature for oligosaccharides. A review of carbohydrate chemistry which uses this nomenclature
can be found, for example, in Hubbard and Ivatt , Ann. Rev. Biochem. 50:555- 583 (1981). This
nomenclature includes, for instance, Man, which represents mannose; GleNAc, which represents
2-N-acetylglucosamine; Gal which represents galactose; and Glc, which represents glucose. Sialic

acids are descripgdanith refesence to-ihesshasthand.aeiatiaRNerNAGLap SssasetyipatanaRic acid,

and NeuNGc forfSe&I)%gol Ineuramjnic acid.e[i00%4 Thq term "osmolal'&%" S use‘]g. hgrein, refers to a
ol t premenlione COPTOLIEINS g 1oW-Inannose cozlient. in 4 parlichiar

measure of the osmotic pressure ofdissoned’ss ufegpartlc €s In an aqueous B3iition. The solute

particles includenbbedimart.dhelnsmqsiizel piamestod rronansitisehstdwdedraanieletAcentration of
osmotically actiye/pastietes (@.2,,msmakes hdissohesbinchdgroftediubantihdnDsmikgabl 26kigen

binding fragment thereof) having low-mannose content and a pharmaceutically acceptable
carrier,

F0021] Accordingly, in still another aspect, the present invention provides a method
of treating or preventing a disorder that is associated with an overexpression of human IL-13
and/or in which a downregulation or inhibition of human IL~15 induced effects is beneficial
is provided, by administering to a subject an isolated IL-15 antibody having low-mannose
content. Exemplary disorders include, but are not limited to, vasculiitis, psoriasis, multiple
sclerosis, theumatoid arthritis, inflammatory bowel disease (e.g., Crohn’s disease or celiac
disease), allograft rejection, graft versus host disease, T-cell lymphoma, and T-cell leukemia.
[0022] Accordingly, in still another aspect, the present invention provides a method
of treating or preventing a disorder that is associated with an overexpression of human IL-15
and/or in which a downregulation or inhibition of human IL-15 induced effects is beneficial
ig provided, by administering to a subject an isolated IL-15 antibody having low-mannose
content. Exemplary disorders include, but are not limited to, arthritides, connective tissue
disorders, ophthalmological disorders, neurclogical disorders, gastrointestinal and hepatic
disorders, allergic disorders, hematologic disorders, skin disorders, pulmonary disorders,
malignancies, transplantation-derived disorders, endocrinologic disorders, vascular

disorders, gynecological disorders and infectious diseases.

Brief Description of the Drawines

{0023] Figure 1 is a graph depicting the correlation between osmolality and high-
mannose content of a fully human monoclonal antibody that binds IL-15 produced by
culturing cells expressing the antibody in shaker control (50 mL) and bioreactors (150 L and
500 L).

[0024] Figure 2 is a graph depicting the correlation between addition of an
osmoprotectant, betaine, and high mannose content of a fully human monoclonal antibody
that binds IL-135.

[0025] Figure 3 is a graph depicting the correlation between osmolality and K+

conceniration of culture medium,



38C is equivalent to an osmotic pressure of 19 mm Hg). As used herein, the abbreviation "mOsm"
means "milliosmoles/kg solution." In exemplary embodiments, osmolality of the cell culture medium is
maintained at about 600 mOsm/Kg or less, or at about 550 mOsm/Kg or less, or at about 500
mOsinfKg or less, or at about 450 mOsm/Kg or less, or at about 400 mOsm/Kg or less, or at about 380
mOsm/Kg or less, or between at about 200 mOsm/ICg and about 600 mOsmfKg, or between at about
250 mOsm/Kg and about 550 mOsm/Kg, or between at about 250 mOs-m/Kg and about 500
mOsm/Kg, or between at about 250 mOsm/Kg and about 450 mOsm/Kg, or between at about 250
mOsm/Kg and about 400 mOsm/Kg, or between at about 250 mOsm/Kg and about 380 mOsm/Kg, or
between at about 250 mOsm/Kg and about 350 mOsm/Kg. [0035]As used herein, the term
"glycoprotein” refers to peptides and proteins, including antibodies, having at least one oligosaccharide
side chain including mannose residues. Glycoproteins may be homologous to the host cell, or may be
heterologous, i. ign, tothe hqst cell being utili suc for example, a human glycoprotein
produced by a gﬁ?r%fe hamgttlgrLl %e\?ralrsya(gfﬁ—% gﬁ’égﬁlﬁé .‘*§8‘€ﬁ aﬁ%olg)g%'ﬁécﬁ}n%%rémgarelﬁg’r@a ?/g%?te#{ad to as
"recombinant gl$dBRYJiERE TPPEERaHh BBHT9 %:1ﬁ%‘f’éI%’%Efca)ﬁP@Fﬁﬂﬁ%‘@ﬁﬁ?ﬁé%’e‘d‘%‘&ﬁé&%ﬂﬁé%ﬂ are
directly secretednatniiecmeidingeiExanipids ef4naviiadian glyeoproteins include the following
molecules and agbadies agaipsitharato.giok E&é&ﬂaﬁ%%ﬁh@%ﬁ%ﬁ%@\%@ﬁ%%@mOki”es,

S

such as TNF, TECK, and their receptors, e.gc., TN F%h CCR9; growth hormone, including human
growth hormone” BRA BERE S Stk RBHRSHE Bt HIR GRS %‘f’é’ggiﬁlgc?ggf’(‘j'ﬁaﬁg%‘fﬂgﬁi’rﬂrhormone;
thyroid stimulatiiegpioetesieslipopretadrortsiralar dAtitiy psimermstiing endirpoinsilim8-chain;
proinsulin; folliclstgnulatingigiraenes gaisitesirititeipizin gohermen e:Gluergen coltingdactors such
as factor VLLLO, fa¢lon ¥, iz gl Ansven ilebiands Jadlaranii slading faclars syeh as

Protein C; atrial natriuretic factor; lung surfactant; plasminogen activator, such as uro cinase or human
urine or tissue-t%@"ﬁ?ﬁgﬂ?ﬁ?ﬁé‘ﬁ'ﬁaﬁ‘é‘f’owfﬁI%B?%ﬁﬁ‘?t?@gﬁﬁ{{ﬂ%ﬁbﬂ'ﬁbﬁéﬁgﬁé‘%ﬁc growth factor;
enkephalinase; RANTES (refidated or actizatipivirar thakyTelestiepressechardsdcreted); human
macrophage inflameaatansPrateinidindsaliphak: serum albumin such as human serum albumin;

mullriarinhibitag.gbstance lasin Acchialy, relan B chall, PIUSIBXN MUSE, o0 pogiom
gonadotropin-associated peptide; a microbial proteirt, such as etalactamase- DNase: mnipin: activin;
vascular endoth&ifs GroiaR faeter BT receptors for hormones or growth factors; integrin; protein

A or D; rheumatoid factors; a neurotrophic factor such as bone-derived neurotrophic factor (BDNF),

neurotrophin-3, 0. 58 M\ida N diNIzaoR NT-6), or a nerve growth factor such as NGF-beta;
platelet-derived rovi/i acto[sz ), JIbro ast growth f%ctor such as aII:GF and bFGF; epidermal
growth factor (X3P} transforing Gr6Wth f%c%}r?g'[éff’)l’srﬁc 8 ST EE SRR AR FEEBR A5 Ruding

TGFbetal , TGFebatage. Ferisete3 FBrige iy ingr lrOmaserss cimseifn-like growth factor-1 and -1l (IGF-I
and IGF-11); deg(d33)- 1GF-I bsaie: G4t 1)e Hrscdindikea grovtinfactalcbindingyndeins o Reprateins such
as CD-3, CD-4, GP:8, and CRA9,: envibrenaiclin-aaigoindustve fagtars: immungigrps: bone
morphogenetic protein (BMP); interferons such as interferon-alpha, - beta, and -gamma; colony
stimulating factSt&{E8EY). e.g., M-CSF, GM-CSF, and G-CSF; interleukins (ILs), e.g., IL-1 to IL-15;
superoxide dismutase; T-cell receptors; surface membrane proteins; decay accelerating factor; viral
antigen such as, for exampley, a ponienu@idhe AIDS envelope; transport proteins; homing receptors;

and regulatory pigjgins. 0038l Hsedhareln. e ems. cell el mediu andmilyee, medium'
refer to a nutrienit solution used for growing mammalian cells that typlcaﬁ y provides at least one
component fronT GRE GG B oTERRSTEN -cAteyyieel el wlaigsrenines irtmsraitise form of a
carbohydrate sushngs¢lfrrexanmipidoglicosex2h@acoHnbredehd|l essehtial RaniBioakids, SQrfd sually

the baséc selt of mmaami@ﬁ@ﬁwl?ea&@ﬁy%m&' 's%giﬁ%@am,%@%%&m@%&@m&ﬁgm?&ynds

required at low ntrations; 4) free fafty acids; and b) trace elements, where trace elements are
eined o Inor A T B R o L e AT a2 Qlvery ow
concentrations, tgiskirgareisEsalerefoRiriantds Td rattedtsBiuatreniaiedptistraipre wisis mented
with additional aéenporefis3oeptimize:graivih ofcals JOOSTL e snayaoidtian cetheudtide of the
present inventiop s ireparectin amediumsuisable for.the partisular celhbeing sHiwigthsuitable cell

culture media that may be used for culturing a particular cell type would be apparept to one of ordinary
oKill n the art. EXETPTR) COMMVETETN BVARIE AT UEE 6 ARG PP SIS CEIGMA),
Minimal Essentiztthviegiand(WERnZrd malycresNRIBaBl{S|E MMsartkDUherss Y RsaHifiéd Eagle's
Medium (DMEMsSHaMBY 24N phthase(ns. pihabsyiiablel e dia mayrhelsipp{emertet eigmeaessary
with hormones and/or other growth factors (such as insulin, transferrin, or epidermal growth factor),
salts (such as sodium chloride, calcium, magnesium, and phosphate), buffers (such as HEPES),
nucleosides (such as adenosine and thymidine), antibiotics (such as GentamyeinTm), trace elements
(defined as inorganic compounds usually present at final concentrations in the micromolar range) lipids
(such as linoleic or other fatty acids) and their suitable carriers, and glucose or an equivalent energy

source, and/or - 10 - modified as described herein to facilitate production of recombinant glycoproteins
havina low-mannnce content In 2 nartictilar embodiment the call criltrire meditim ie cariim-free



cell growth (i.e., the log phase) where the cells are generally rapidly dividing. Cells are maintained at
the growth phase for a period of about one day, or about two days, or about three days, or about four
days, or longer than four days. The duration of time for which the cells are maintained at growth phase
will vary based on the cell-type and rate of growth of cells and the culture conditions, for example.
[0040]The term "transition phase" refers to a period of time between the growth phase and the
production phase. Generally, transition phase is the time during which culture conditions may be
controlled to support a shift from growth phase to production phase. Various cell culture parameters
which may be controlled include but are not limited to, one or more of, temperature, osmolality,
vitamins, amino acids, sugars, peptones, ammonium and salts. [0041jThe term "production phase" of
a cell culture refers to the period of time where the cell growth has plateaued. The logarithmic cell
growth typically ends before or during this phase and pfdgtéin production takes over. It is desirable to

supplement the selbqulie medlym S0.asi0,aelieys e dasiied Rieih predugtion gl siage.

[0042]The terms "mammalian hast cell,” "host-cell," gni[d "mammalian cell" refer to cell lines derived

from mammals tHA?HPe BEHE0IR Y Gt e Wikhval s P s i Emsainssnslai E ¥ ire or in
suspension culteed mlgmmediivmcentairrnpthe dpptopiai®@nuiientdandgroabtivfastors)shyfigally,

such cells ari cap@m,eaefa@a%ﬁ%@ga@e&mcgﬂm &@%%@%H%&?ﬁ@i@ﬁii%@%ﬂ%@@mm of
interest into the culture.medium. Exa itable mammaljan host cells | ut.are not
limited to, Chine%l(é{! né%%tcér %S\?h%'/actéﬁo%%%—?ﬂﬁ% r a%graﬁsg’eﬁ%%?ﬁ? r%tcgbﬁlu;{%.%klé%%? C|.gff§iA,

77:4216 (1980) pHap1E IO wefiss @ P Snyous)iny ey e apd sheetrafsréirmdlishy3Vv40 (ATCC
CRL 1651); hunanwesnaryboie didneyin® 203 fre20300elo shbtlpadtfosgravytivin ispension

certol Gells (T e B R e e (T COL 10y
sertoli cells er, Bibl. Repraod., 23:243- : monkey kidney cells ;
African green m8 d?fe%?ﬁ? (%éﬁﬁt?é? @%&W—%f%ﬁ%%%%ﬁ%?ﬂﬁgma cells
(HeLa) (ATCC @oui2)s tafien/kie aed abolis IMEICKOMEETCC CCL 34); buffalo rat liver cells (BRL 3A)
(ATCC CRL 1448)3uman lung.eellaé, 38) A EQvedplobhy; hismman Pygitglisdlbep:08 HB 8065);
mouse mammagy s (AT, 069562, ATEG GCbLR1LM 65l Mg S AlyAnRals LY - Acad. Sc.
383:44-68 (1982)); MRC 5 ce Is; FS4 c%ﬁs; and a human hepatorna line (Hen 02), [0043]The term
"recombinant hGEtEHr GRERmIFRIRECRIPealors RéhsiRoTs SHletrdBaM e R A 8PReIf fito which a
recombinant exfressior Vectorthvall been ihitiodu eed, 4. Shoetdrniideu n densto gt thatosuc ptahmsiare
intended to refepnetanly:ta:.thapasisHiaesidniesh:cell betdp thedreaeny-of such.acel.Bacause
certain modificagions may oceur iq_o uccee il‘cl: ganngﬁrl%tigpsegtlée ﬁoceitiho rirgugcatggsr; (%Irbenv}ilr%gmental
influences, such Iber(:(()}grgneny m >7n5)t, n ?abt, e identical to Arent cel T butare st inctidéd within the
scope of the terf§¥aesticetlyasuesd Rer din fodumyTReterlpsolonpiuasion slvesprsess dpdexpresses”
generally refer tehériiseriptianiandd anslatitadiecursing withio, ahosheelk o e leveliofi expression of
gene product ina Aqst cell may-hewdetermined prdhedeasis.of aither e amppntEeqriespgnding

raRNA that is present in the ce|l or the amount of the protein encoded by the gene. For example,
in.RNA transcrilEd bR T predaedy Eﬂﬁﬁfb%%ﬁﬁ‘gf&t%‘aeb%}%ﬂﬂa?ﬁ?yﬁﬁg%%ﬁz &S fHbrook et at,
Molecular Clonihggrvicaistrstogyiavianiat appradhyossne SiorSgitig MetitphdraisomitngpPieiss; (1989)).
A protein encodggray a.genesabelguanitaieh.aithes-by-assaving.for theihinlagieatiagtivity of the
protein or by erpiaying assays ik aigpRBERARNLLESD ACHIDnaHED 35, [RrexBMAlgwester

blotting analysis_or radioimtnunoassay usmg{antibo les that are capable of reacting with the protein.

(Sambrook et af*HA5iEedEFERHRTGA FabdrHidyMaReas spt r Haslaaoes P S B g A rfor
Laboratory Presgr{alag9¥rdicsorer dmigodifacnts, therewgst' extprassion!! dexpriessiandtiexpresses”

are used in refereReetaaecpnpiRantraie s havingraw-FaaneaserRsht REpRYsREbyawmethod of
the invention. -

iactor; enkephalinase; RANTES (regulated on activation norméliy T-cell expressed and
secreted); human macrophage inflammatory protein (MIP-1-alpha}; serum albumin such as
humarn serum albumin; mullerian-inhibiting substance; relaxin A-chain; relaxin B-chain;
prorelaxin; mouse gonadotropin-associated peptide; 2 microbial protein, such as beta-
lactamase; DNase; inhibin; activin; vascular endothelial growth factor (VEGE); receptors for
hermones or growth factors; integrin; protein A or I); rheumatoid factors; a neurotrophic

factor such as bone-derived neurotrophic factor (BDNF), neurotrophin-3, -4, -5, or -6 (NT-3,



[0045]The terms "low-mannose" and "low-mannose content," as used herein, refer to a glycoprotein
composition, where no more than about 10% of the composition comprises - 12 - glycoproteins having
more than 4 mannose residues, i.e., species M5 or greater. Conversely, "high-mannose content”
refers to a glycoprotein composition where more than about 10% of the composition comprises
glycoproteins having more than 4 mannose residues, The terms "low mannose" and "low mannose
content,” are also used in reference to a glycoprotein composition including greater than about 90%, or
greater than about 95% of the composition having glycoproteins including 4 or fewer than 4 mannose
residues. [0046]The term "a glycoprotein having low-mannose content” is used in reference to a
recombinant glycoprotein composition, which when produced by culturing a host-cell, includes, but are
not limited thereto, no more than about 4%, no more than about 5%, no more than between about 4%
and about 5%, no more than about 6%, no more than between about 5% and 6%, no more than about
7%, no more th e na 6% and 7%. na.more than a %, no. mere.than ut.7% and
8%, no more th?r?%b%%"%ﬁ %?ﬁ%b‘r%%ﬁan T:)%t[c\}\‘/]ge%nr%ﬁgtc% Sauhgg %%l}g%n%grgq t tﬁ)ﬁt"g%%%lﬁdi%g/ﬁgr no more
than between af6tRr 8RR ThrPhrtsEryTcBat iR th AR TerbsSilorritsrmy grasiergicn 4
marmose residd&sfiesasgeviesg\diurigiaate (L FRocort ing G Ead ey anda Gy deproteindiay iNGr-
Iovlv-m_annoEe C‘B@I@Lﬂﬁ'“di{ﬁ%&%aﬁ?’?dﬁ%[’ﬁ'ﬁi@@ﬁﬂéﬁg%%@f@@ﬁ%%%ﬁﬁ&g%%ﬁ(@oﬁm%ﬂQ@ by _
culturing a host-cell, Jnc reat out regter than a 0, of the glycoproteins
in the compositigﬁy%"i\?ﬁ}%%ﬁédv%éﬁf%%%f %%?ﬁar%s‘}ég ?3@1%‘2%5‘ pae gﬁwr‘%;gﬁﬁgsgl?gg}%@e%s h r[f)FEM?]The
high-mannose doRtentearir gidddvredby. Srie-brpidrehthodywelrtirhewasipivsevarfadisrinstance,
as described in ibretrint {olourabod gehranmadegiapiviPR Meak825:kd4dn b3 t2bbpanchdell et al.
(Science vol. 291:2351-2356). b ase descibRAL ST ndydinaclr esaresle, feieagica

method for N-Glycan m,ap%ngg of gI)(coIProtelns Briefly, N-glycans are removed enzymatically from the
Te

recombinant glySSPISTER stlefr s Pe CoribimaHP HEHECISAT AR R B! KRePIRBRREHREfh a
fluorescent tag (2emhtino pergamidisrarthdaetiosirgasviidustizhesfidorestent Mbplgcapry e
separated by hightpdanivenexepangs e matagirnhyidE RAGRG) s and detestad psiag.dfluorescence
detection. Sepafgtion of the peutral,N- ns.is generally based.on.the increasing complexity in the
N-glycan struc?tﬁ?gs. eparaﬁgﬁl %?tﬁg%ﬁ{’;t%(fgﬁ?gfﬁaﬁgﬁ bnallseal%n%trﬁile %‘fjﬁrr%enr%%lu tyﬁ%%(eéf sialic
acid, sulfate, or ‘SthETHREHRREHRINS T SSe RO RE MATCPA LR RS AL e barf HéTge AVERF PR se glycan

profiles of test samptesareoconmparedoviseiity follawiap promiate:standardri@ 648 Ehestitihimdrmose
content can als.pg sreasadssiegammetind iasianthdiscospdhEsrainr-a high:threnabpytomethod
for detecting ang/%rsqa%%r‘lltiga%@%}t GQQ@QET@”OSF content %f aiglsycopr.oteian, irtlcludin ut not limited
to, antibody or frglgrﬁen S %ereiof; e.g.%ﬁﬁﬂémeﬁ S, usﬁﬁsper%lfél svégrﬁl%ﬁ?ismgo e Fégments
and peptibody \PFEsHiecprassEdsirretikalpbiftvosceririony tth Sgraty gridsapd Ve te sl e Mitinked
glycan on the FetegioncEeantise 6f the partathshutedeirboidie afthergiyomanitigeiteneanly partially

processed, _resucﬁi{a%ﬁﬁf&ﬁﬁﬁt&gt}e@gmqﬁommmgﬁ%?as&iw sRlaation.Jmvtation gf,gells or
other genetic mané%llg ion, or cell culture ma%é]atlon can alter the types of gpé(%ans produced by the

u !
cells. Large nuriBBFE bIoCS M ToRsrRERE AR BEBRETST TGS PSHEFGIeRH TRBRRFE &R AReF Eiring

screening. Trad#tionil effiyedn mapping is slow and labor intensive, requiring multiple days. The
high-mannoseihgbsi glycanassaymahinprasentinyentionpievMdasiatios elghiean-ty pasiiich faster
with much less qResalareffer. /0l PALiGHAH.- 1S 'SYRILIeNAr QUdeS R MEMAdY slaieding and/or

for culturing a particunlar cell type would be apparent to one of ordinary skill in the ast,

Exemplary commercially available media include, for example, Ham's F10 (SIGMA),

Minimal Essential Medium (MEM, SIGMA), RPMI-1640 (SIGMA), and Dulbecee's

Modified Eagle's Medium (DMEM, SIGMA). Any of these or other suitable media may be

supplemented as necessary with hormones and/or other growth factors (such as insulin,

transferrin, or epidermal growth factor), salts (such as sodium chloride, caicitm, magnesium,

and phesphate), buffers (such as HEPES), micleosides (such as adenosine and thymidine),

antibiotics (such as Gentamyein ™), trace elements (defined as inorganic compounds usually

present at {inal concentrations in the micromolar range) lipids {such as linoleic or other fatty

acids) and their suitable carriers, and glucose or an equivalent energy source, and/or



guantitating the high-mannose content of a glycoprotein in a sample or a composition comprising said
glycoprotein, said method comprises subjecting the sample or the composition comprising the
glycoprotein to an endoglycosidase digestion, reducing the digested glycoproteins using a reducing
agent (if required), and separating the digested glycoproteins by denature electrophoresis whereby the
ratio of high-mannose/hybrid type glycan is determined by subtracting the fraction of non-glycosylated
heavy chain (peak fraction without endogiycosidase treatment) from the fraction of de-glycosylated
heavy chain (peak following endoglycosidase digestion). The non-glycosylated heavy chain fraction or
the peak fraction without endoglycosidase treatment is generated by subjecting the same sample or
composition to the same digestion condition except that no endoglycosidase is present therein. This
step can be carried out concurrently with or separately from the endoglycosidase digestion step.
[0050]Any endoglycosidases that selectively cleave highithannosc and hybrid glycans between
GIcNAct and GleNAcR on the ¢ lycan (ar generating short ans on the protein), while leaving
complex N-linke g ﬁﬁslﬂ?gﬁ BEuse ‘fﬁﬁ%ﬂmﬁéﬁﬂ%ogﬁ‘ﬁ?@ﬁ@h@a?ﬂﬂ%&tﬁs having
endoglycosidaséatiusernospechidivhiiing pruastitesn Finknspecific ctindition focoandngautitbe

endoglycosidaseadiggstion, inglugdiag, the-cancemniration &ﬁﬁh@ ﬁ@&é{{xﬂ% H%%ﬁﬂ%b@@'%t&%&ﬁfﬁéwe and

digestion time, depends an the type of endo cosujiase us les of endoglycosidases related
to this mvennondélicludeut()ﬁ are not limiet ém 0gIyeoS ase %{P?g’ RO %gé‘f B s one

embodiment of tFf! GPEREs i TesRiBRdie ﬁﬁﬁ%@@tﬁtﬁ@?ﬁ@W@QWﬁwn@ﬂsﬂ%a@dwth
Endoglycosidas€BatcB Aadforabbid 2 dibuns;aeducaduithntdmmercap@ethangl,.and subjected to

CE-SDS analysemwﬁmsnu%e@mmmﬁﬁ spoaraling. e delyspsylated dlycoproteins,
e.g., de- glycosylated antibody, fro the lated glycoproteins, e. g( glycosylate antibody,
include but are not MKEd (0. %é &% 5\%’%9 af% %> salls, sugafy, el Eah JEr e eR]
conditions. The Giy¢daiaaret @Wé@@r%ﬁﬂ%@%@ﬁﬁm@@dpﬂsrﬁmhﬂm gitteBBSampaseducing
agent and the hegwdathaic=lINGriherchwthdaglyean is separated from the cleaved HC
(de-glycosylateqdieayby Capiian. Flectiophaicals-SPS (FERPSLAD slactopheraaram s generated

of the UV S|gnal?ﬁ'll'£e areaﬁ under the peaks are prop ortlona 10 the re atlve Bmounts Jherefore the

amount of High- 8 ;?bﬁﬂ%ﬁ&%ﬂéﬁ%?éﬁ@?ﬁtﬁfé‘a ‘fFBﬁ?’t‘?‘néeﬂea‘éﬂéfﬁa@fﬂﬂh‘éj aiHe edifare

deglycosylated Freipasitbt. BirmevthepBinNne BEcbefigratesanitly, de ayhycasylated, iGhthe %

de-glycosylated e faaps, andﬁﬁdig@&ta%@adl‘lmﬁgtﬁ auatfaﬁtegytrompaeraeako@ttﬁlgigﬁatﬁq}ﬁamp'e to

T o AR AR, SRR ORISR S0 MIMes, feRenalg o e carmiouration
XN

2) Microfluidic-based CE- co roteln is deratured a separa 24 lab on a
chip” |nstrumenﬁgﬁéﬁ%@?ﬁélﬁwwtéﬁfﬂéf S¥pERame principle is used in the assay and the

separation, though4@¥luorescent tdye T usediobietsotthe proteincSeparaticentianeis sesiueed to about
30 seconds per @ﬁ%@)ﬁm@la59@&&1%@?{&9&6%@%1@%&(9&&%@1@&?tsla%ﬁgluE%éﬂgkbﬁ@hoéu%Qrese”t

invention as descrlged above can be Be formed on Q f{ |eoLProte|n but also on_crude cell culture

samples. With récombinant ARaGo 18 SRS & SHORG R FRTGH MRAT eSS Erequired.
[0053]In certam\é%ﬁaeaﬁ%?ﬁémwéma%smamwﬁmmmmmm Fesiduesiindliodene

glycoproteins havimgrb ¢d S:manaose sesidilis, (HexmaReaiandaHM Bu A hptanishingdekgabound by a
particular theoryQngiQf ordinary skill in the art will understand that a glycoprotein composition

expressed by a ell inclydes rotelns with varying number of mannose residues. For
example, the Imﬁ5 Bﬁgﬁnose g 3gcop86}tg’£ FAE B8P Feler THARHYrdniss faermied @ §m0-4

mannose residUE&y et e SArgHinanpeseusse Specraiihvive gl eatetitiancdlin ambidséoresidues (e.g.,
M5 species or highie)id@addtrnipastien poembogdimens-air the inyantion. 18 alyseRIgiein: kaying low-
mannose contepl;is.2 Fecemplaant antbody,er &Q:%@t}t)‘?o o-binding fragment thereof. In another

particular embo nt of the invention, a recombinan ycoproteln aving | ovﬁnannose content is a

human monoclcﬁ%gﬂ1 tibody TR fifen- iRt g sHEmatiap el refer to

cell lines derived from mammals that are capable of growth and survival when placed in
either monolayer culture or in suspension culture in a medium containing the appropriate
nutrients and growth factors. Typically, such cells are capable of expressing and secreting
large quantities of a particular glycoprotein of interest inte the culture medium. Examples of
suitable mammealian host eells include, but ars not limited to, Chinese hamster ovary cells/-

DHFR (Urlaub and Chasin, Proc. Natl. Acad. Sci. USA, 77:4216 (1980)); dp12CHO cells



- 15 - [0055]The term "substantially free," as used herein, generally refers to preparations of a cell
culture medium which is free or has a reduced amount (i.e., relative to unmodified culture medium) of
certain components. For example, in one embodiment, the culture medium used for producing
recombinant glycoproteins having low mannose content is substantially free of certain amino acids
(e.g., one or more amino acids selected from the group consisting of alanine, arginine, aspartic acid
and glutamic acid). In some embodiments, a culture medium substantially free of one or more
components is modified to include leis than about 1%, or less than about 3%, or less than about 5%,
or less than about 10% of one or more such components relative to the unmodified culture medium.
[0056]The terms "IL-15," "IL-15 antigen" and interleukin 15" are used interchangeably herein, and
include any variants or isoforms which are naturally expressed by cells. [0057]The term "antibody" as
referred to herein includes whole antibodies and any antitjen binding fragment (i.e., "antigen-binding

portion™) or singl in thereof. An "antibady" refers to a glyco i n least two heavy
(H) chains and t\%([)g Egﬂﬁ%% C Oé]#]e r}ﬁ;eel}?%(?rﬁlxelé ggr W%@%ﬁﬁg %E)Pég jq‘gr%a?r%g 5#.3%%}%%%&‘3 portion.
thereof Each he&W)eRaimlisentisn s oF 2 Hesly #&*Wﬁﬁ%@bi&fw&@%rein as VH)

and a heavy chainraipnstant.régim. ine heavy claain)constantregibidisicempisedotttraexiomains,
CHI, CH2 and CH3, Each.fidhehainds samprisesl ofadiahtshain yeviabieseeiondahbigyiatas herein

as VL) and a light chain constant region. The light chain constant region is comprised of one domain,
CL. The VH andTGedions nf He-Hi FEPSIB RS S O FQer ARt SoFned
complementarityrdeterenivica) setyionsd COHRJHriter 6 EfLe 8 WitR regivrskidatasel M@ EBnserved,
termed framewarkiregions.(F43) viagh Myvianddik (sreompasertof tnee LBRs.and favr kRs, arranged
from amino-termj = inus in the follow;} ; CDR1,.ER2. CDR2, ER3, CDR3,
Fra, The varabi Lo S b B e e L e e ol M Bece it an
antigen. The co PaERAs oF tite ofey ridy Hatiene’ tle HRETRG of thedniftindGidHih to host
tissues or factorg, Seiy iy \Varo s Kellselt thedintimune Isysteme (kog (Heffe@R0r cells) and the first

componegt EjClqk?@aiﬁe C|aSS:ﬁ% m@mﬁﬂﬁﬁyﬁ?@ce[ﬁ%‘é%%?;ﬁ%«t%gﬁ&mi%d@ﬁQM%Pf@ftiOn" and
"antigen-binding. fra t" of an antjbo r simply “anti ortion"), as used herein, refer to one or
more fragmentsg,Jl 3%%@ ?fr? if)(gary ?haa(fcé%fgé}%/%ﬁ/%tﬁﬁ%%%%ﬁag% geﬁsileo.%.‘,)dﬁ%i%.seﬁ fas’ egtﬁc:%%own that

the antigen-bindihgeuiiciorrétaivethtbitr imerpertnid biefragrh ents tefberarisHgtirditibody.
Examples of antigi¢ b indirg:foagments:eng ostip degeckevithimntectbrimtiantigan-diading portion” of an

antibody include,(D.g.f3k fagment a.nnayrlenidagneent annsising QhthaMavh] {fdpaRpd CHI
domains; (i) a F 623')2 fraﬁrpetn% %(Plvale%t f{agment cg rtlsm%}%ﬁ/o ﬁa%glg‘gmertlts linked py a disulfide
bridge at the hin’é‘El rBYrSR: R B EPTHEEIR RshEish g@hﬁ‘é" a5d’ SHRAfIFSIRRT &' FF fragment
consisting of thetay Frgoelldemasddertesingle arm of an antibody, (v) a dAb fragment (Ward at at,
Nature 341:544{546441989)), mibichwonsisisaba Vi pemsatniantdv:an isalaied egenplementarity
determining region, (CRR).of (i) Agambination of v 95599&%1!?_%&%9&QE&WQSC[Q%%@%QUO”E"'y be

joined by a synthetic linker, Furthermore, although the two domains of the Pi, fragment, VL and VH,
arc coded for byP&&pitdte faries! imay e tETomtan faigTeebrbmant Hant el sy srsyinetic linker
that enables themRis b &:m adeasntisifiglecprotdin ahaintief Wisiptrthie dcind WHbregiionsHpair to form
EnonO\)/aIerg mol@@ﬂ@ﬁegl&ﬁmﬂ @ﬁxﬁ&ﬂg@ 3@@&&5&&@6@&@% 8<huBifthalbialyJelenss 242:423-426
1988); and Hust t al. Prog, Natl. Ac i ,US :5879-5883(1988). Such sin in
antibodies are 3‘ o?ﬁ%@%}fgd {8 e% Igﬁlég?naéé%s%g G\I/]v%hlnat Ig%égm%géﬁ?%rgr@ﬁﬂué?hﬁpﬁ%%ﬁoh' and
"antigen-bindingd TXGTRERE O A AAHBBETY Fresd \aatbodyaigimeredsiPy Biaiie 8289hg conventional
techniques knownattitited eitvithbgldabsayitkgfar thaho tixcitagtihéntsiahe sereenedforutitijynipn the same
manner as are iniaskaniiaedias.10QRAI breuter R moneciphakantinadye, arused:neigin.1atgrs to an
antibody which g)irslglclalgﬁ a %in [S% binsdlin aﬁgggg{ici gg g;fin{%%rrsa t?nrti(\:alrﬂﬁrt eﬁpig_g%eIi Accordingly, the
term "human monocionar anti ogy'pre 1S 10 an anti oc?y WhIC isp aysga smélle |nd|ﬁg specificity and
which has variaferapig o stant raefehs deninedromterivgenting ifrdninddiebldinrsEguences. In
one embodimentiafumasbaaanncheasl (AntihodiRsare proddeeshiayirehyhiidama-pdialr inglhrdes a B cell

obtained from a jransgenic.0on-human, animal, 8 Oy -8 JARSIENSMAUSE ARG EROME GAMPrising

a human heavy chgln transgene and a. tight chain transgene fused to an immortalized cell.
produced by & method of the mvention.

[0045] The terms “low-mannose” and “low-mannose content,” as used herein, refer

to a glycoprotein composition, where no more than about 10% of the composition comprises



[0060]The term "recombinant human antibody," as used herein, includes all human antibodies that are
prepared, expressed, created or isolated by recombinant means, such as (a) antibodies isolated from
an animal (e.g., a mouse) that is transgenic or transchromosomal for human immunoglobulin genes or
a hybridoma prepared therefrom, (b) antibodies isolated from a host cell transformed to express the
antibody, e.g., from a transfectonaa, (c) antibodies isolated from a recombinant, combinatorial human
antibody library, and (d) antibodies prepared, expressed, created or isolated by any other means that
involve splicing of human - 17 - immunoglobulin gene sequences to other DNA sequences. Such
recombinant human antibodies have variable and constant regions derived from human gennline
immunoglobulin sequences. In certain embodiments, however, such recombinant human antibodies
can be subjected to in vitro mutagenesis (or, when an animal transgenic for human Ig sequences is
used, in vivo somatic mutagenesis) and thus the aminoacid sequences of the VIl and VL regions of
the recombinant aniiedies.aie sequsnses at,unlle detived from,and related to uman gerpline VH
and VL sequences, may not naturally exist within the uman anﬁbgopy germﬂngrepertowe in Vivo.
[0061]As used hetERTH AR FOTIGHUEEHt BOd VRO PR EomTetis T erhe et tietdfhafman
organism producirgsupbsaivantippdyes Bysdemmrialrigitg aramtibodynhavinganiaminthaeie:sequence
or an encoding nygleisasid seadenss saresRending ta.thatdound:inan.aroanism nebransisting of the

transgenic non-human imacli nd en?ralp/ from a species other than that of the transgenic
non-human anini S TB0RS AR KPR B LR 8RS T e PRI EABIEAS VAR B TR
substantially freédfiegtereantitseioraadiedinmddirferer thanibameeperifiditrss (e.g, an isolated antibody
that specifically piodsjto IL-15is ssthstantiplbpfsesnofanihodias that spegifiealyhindmaetigens other

than IL-15). An isolaied aptRaC LAk SRRFUIGAN IO .10, 81.RIBRACLIS S MEY, oneyer have

cross-reactivity to qther related c nes or to other [L-15 proteins from different species. However,

the antibody pret&FASFaTAyE i tscHhrReRy A Brfiban s 24h fodRasdbariber S fé-ppically
substantially freengfeoitrrhstlatarhvatetiakahdiorchiémicalsrd thanpdrtic i smbaodithentetyveen
combination of “isiated smosmaclenabantihediesaying dierent Uab&spssiiclies.amcombined in a
well defined composition. [0063]As used herein, " ific.hipding,* "selective binding" and 'selectively
binds," refer to rgﬁoe{%tl 0 DS‘? g/tf’r’anggmmeorf? t %?goﬁubﬁﬁ/giné! %)E}g %?géndpé?etﬁlr%?ngg uatgtl)fjegr?.%%%gmple, in

one embodimenP tR&fiHARY Dhde Witk Lrramhity (R0 Porasirs sy reasbraife mddath as
approximately les&tithatyddp=@dits inGhOchnpodiBed M-angpyentiowen whanrdetersimed by, syetaae

plasmon resonangedSRRLIECRBAIREY I, 2R AGORE I0AQ s tHmanusing.recompinant yman IL-15
as the analyte and the argboc%y s the ligand and_blng”%it the gredetermlned antigen with an affinity

{0 2 rctombin RIGRREAA AR tGERTEE 0SB, casein)

that is at least two?fé?aogrea Sr thanfs & |ﬁﬂ§§“ oF 1Prtfdingci Vé’thﬁ
other than the piBtiéterHiprRier SHIFERBPA%Iesaraerdba g BT htiphehsesrtarnamibody
recognizing an antigenitanddeng 418 feantinady speeifie fonanantigen apwsaddatreghangeably
herein with the tﬁm'}'f‘n ant'bﬁ%ﬁ@%ﬁ%?&?@&ﬁbﬁ@é@ﬁé&%ﬁ%@? @ne or more methods well-
known in the art, for instance, as described in Wubrer et al. (Journal of Chromatography B
Vol. 825:124-133, 2005) and Dell ef al. (Science Vol. 291:2351-2356), and those described
herein including, for examyple, the analytical method for N-Glycan mapping of glycoproteins
Briefly, N-glycans are removed enzymatically from the recombinant glycoproteins, such as a
recombinant monoclonal antibody, and 1abeled with a fluorescent tag (2-Aminobenzamide)
at the reducing terminus. The fluorescent N-glycans are separated by high pH anion
exchange chromatography (HPAEC), and detected using fluorescence detection. Separation
of the neutral N-glycans is generally based on the increasing complexity in the N-glycan
structures. Separation of the charged N-glycans is based on the number and type of sialic
acid, sulfate, or other modifications present from which a charge number can be derived.
These gtycan profiles of test samples are compared visually to an appropriate standard.
(0048} The high-mannose content can also be measured using a method instantly
disclosed herein: a high-throughput method for detecting and/or quantitating the high-

mannose content of a glycoprotein, inchiding but not limited to, antibody or fragments



[0064]The term "KEC as used herein, is intended to refer to the dissociation equilibrium constant of a
particular antibody-antigen interaction. [0065]As used herein, "isotype" refers to the antibody class
(e.g., 1gM or IgG1) that is encoded by heavy chain constant region genes. [0066]As used herein,
"isotype switching" refers to the phenomenon by which the class, or isotype, of an antibody changes
from one Ig class to one of the other Ig classes. [0067]As used herein, "non-switched isotype" refers to
the isotypic class of heavy chain that is produced when no isotype switching has taken place; the CH
gene encoding the nonswitched isotype is typically the first CH gene immediately downstream from the
functionally rearranged VDJ gene. Isotype switching has been classified as classical or nonclassical
isotype switching. Classical isotype switching occurs by recombination events which involve at least
one switch sequence region in the transgene. Non-classical isotype switching may occur by, for
example, homologous recombination between human ¢ &hd human(8-associated deletion). AlternatiVe
non-classical sv%i;tchi me%:%?glifs?ms, such as intertrans gene and/or interchromosomal recombination,
among others, may 9ccuf = BT e TE5E) pEcEit g fiRses AeRasrierir thederheswitch
sequence" referg-msisesdnDnkarseiikrt cdlrespotisistesorswite hrecosiraidimied switehodonor”
sequence, typicallyra fegsotitabetegions willdagif (ivmspsiean) 2itbeconstiuctirgignjo be deleted
during the switch.gegampination. Thesitoh acceptor, tealon il he between.fhe cgnetyuct region to
be deleted and the replacement’constaﬁt region (%e%gm?l e, etél.‘) Ttherd & noosnﬁesmﬁﬁt‘gﬁ’e where
recombination afVAAFEBOEGFYS BT iTaetstis segirattiow T SR calfy RS BE Pregie bl iole the
construct. [0069ssudadhereinpdightbsiatiohspatierahistietinedasithepatteraofgasrhahygyate units
that are covalentiy-3tiagheddaanraiginemerssRedilically 1080 MMUDOgIoRin BrRleiN, Aa
glycosylation paltatgglr_lig{easp%tergolo ous alntl odly ca)[ll-]7 be characterized as being substantially similar to
glycosylation patterns which’o¢eur na GPAIR i 2t DO BrE RS A By th 6 X5 B AR 6P 1 nonhuman
transgenic animZESFHanvereBPoTdifranr st pfretiramiywounachdeggnividhtive dlyecosylation ¢ittern of the

heterologous aritibégly as beingmnse:s)mitantensaidpatesnofhghsosdatieninthe species of the -19 -

quantitating the high-mannose content of a glycoprotein in a sample or a composition

comprising said glycoprotein, said method comprises subjecting the sample or the
composition comprising the glycoprotein to an endoglycosidase digestion, reducing the
digested glycoproteins using a reducing agent (if required), and separating the digested
glycoproteins by denature electrophoresis whereby the ratic of high-mannese/hybrid type
glycan is determined by subtracting the fraction of non-glycosylated heavy chain (peak
fraction without endoglycosidase treatrnent) from the fraction of de- glycosylated heavy
chain (peak following endoglycosidase digestion). The non-glycosylated heavy chain
fraction or the peak fraction without endoglycosidase treatment is generated by subjecting
the same sample or composition to the same digestion condition except that no
endoglyeosidase is present therein, This step can be carried out concurrently with or
separately from the endoglycosidase digestion step.

[0050) Any endoglycosidases that selectively cleave high mannose and hybrid
glycans between GlcNAcl and GleNAe2 on the core glycan (or generating short glycans on
the protein), while Ieaving complex N-linked glycans intact can be used in this invention.
For proper quantitation, endoglycosidase must not be in limiting quantities. The specific
condition for carrying out the endoglycosidase digestion, including the concentration of the
enzyme, the incubation temperature and digestion time, depends on the type of
endoglycosidase used. Examples of endoglycosidases related to this invention include but
are not limited to Endoglycosidase H and Endoglycosidase F1. In one embodiment of the
present invention, the sample comprising the glycoproteins is treated with Endoglycosidase
H at 37°C for about 2 hours, reduced with f-mercaptoethanol, and subjected to CE-SDS

analysis.



nonhuman transgenic animal than to the species from which the CH genes of the transgene were
derived. [0070]The term "naturally-occurring” as used herein as applied to an object refers to the fact
that an object can be found in nature. For example, a polypeptide or polynucleotide sequence that is
present in an organism (including viruses) that can be isolated from a source in nature and which has
not been intentionally modified by man in the laboratory is naturally-occurring. [0071]The term
"rearranged" as used herein refers to a configuration of a heavy chain or light chain immunoglobulin
locus wherein a V segment is positioned immediately adjacent to a D-T or | segment in a conformation
encoding essentially a complete VH or VL domain, respectively. A rearranged immunoglobulin gene
locus can be identified by comparison to germline DNA; a rearranged locus will have at least one
recombined heptamerinonamer homology element. [0072]The term "tutrearranged" or "germline
configuration" as used herein in reference to a V segmeht refers to the configuration wherein the V

segment is not bined s0 as tp be immediately adjacent to,a D qr J segment [0073]The term
"nucleic acid m ?ggge," as ljﬁgéa e?%ﬁ#?gge%%tsgp@ﬁ%%ﬁ& ﬁfﬁﬁ&yﬁ?a%aéﬁ‘?eé?’i??fa%% &&i%iolecule
may be single-dt¥itaedtei auinodistramdeiyeespiers abirisdeonblestgicsl®MA[0074] The term

“isolated nucleitatitknnaleciter lias tis egthefaibiniefesaneddas: nucleic acids encoding antibodies or

antibody portions (e.9., VM. Yo £OR2\ ek SRSIVEMAIN 1o heA5 [EfSL g ulele. acid molecule i
0 ee o

which the nucleotide sequences encoding the antibody or antibody portion ars ir Gthef hucleotide

sequences encBAfy Mith SR ST ShiB AP Bfbh e THArsirerakigehs st A Shsimsich other
sequences mayithtthabily frank shearmieldioradia thebrh &€ génelnicspiiad BEQ YT NIS:y1-4 correspond
to the lnucleptidmwﬂ;gmiaﬂ%%gﬁwsmmmx@fﬁMQ\@éﬂé}mGﬁﬂ@ﬁ@ light.chain (VL)h
Vit of the antbagy aih LG D KO Sauh a0 A Pt e 45070  paricular
embodiment, a FENZHFTROHISBRA LErrissalr mritesifae fherkegioa Aluinmeihsintiie fegment thereof,
includes a light Biamsiatrd i€ regidmmcGinprisio Glohie ot eremigekprofetaidly:-alt thyees CRRsiret forth in
SEQ ID NOS:S"’%Q@%@)/@DQQM ehehom an unds gested sample is subtracted from pre-peak of a digested

sample to yield the % high mannose value. Separation requires 15-30 minutes, depending

on the configuration.

2} Microftuidic-based CE-SDS. The glycoprotein is denatured as in 1) but

separated using a “lab on a chip” instrument, such as the LCY0 by Caliper. Thelsame

principle is used in the assay and the separation, though a fluorescent dye is used to detect

the protein. Separation time is reduced to about 30 seconds per assay and it can be sampled

from a microtiter piate.

[0052] The method of the present invention as described above can be performed on

purified protein but also on crude cell culture samples. With recombinant antibodies, the

signal is strong enough that purification is not required.

{00531 In certain embodiments, glycoproteins having more than 4 mannose residues

include glycoproteins having 5 to 9 mannose residues (i.e., species M5-M9). Without

wishing to be bound by a particular theory, one of ordinary skill in the art will tnderstand

that a glycoprotein composition expressed by a host-cell includes glycoproteins with varying

number of mannose residues. For example, the low-mannose glycoproteins have 4 or fewer

than 4 mannose residues (e.g., 0-4 mannose residues), and the high-mannose glycoproteins

have greater than 4 mannose residues (e.g., M5 species or higher).

[0054] In a particular embodiment of the invention, a glycoprotein having low-

mannose content is a recombinant antibody or an antigen-binding fragment thereof, In

another particular embodiment of the invention, a recombinant glycoprotein having low-

mannose content is a httnan monoclonal antibody that binds IL-15 or an antigen-binding

fragment thercof,



-20 - variable region comprising one or more and preferably all three CDRs set forth in SEQ ID
NOs:5-7. [0076]In a particular embodiment, the present invention also encompasses "conservative
sequence modifications" or "conservative sequence substitutions" of the sequences set forth in SEQ
ID NOs:1-10, i.e., nucleotide and amino acid sequence modifications which do not significantly affect
or alter the binding characteristics of the antibody encoded by the nucleotide sequence or containing
the amino acid sequence. Such conservative sequence modifications include nucleotide and amino
acid substitutions, additions and deletions. Modifications can be introduced into SEQ ID NOs:1-10 by
standard techniques known in the art, such as site-directed mutagenesis and PCR-mediated
mutagenesis. Conservative amino acid substitutions include ones in which the amino acid residue is
replaced with an amino acid residue having a similar side chain. Families of amino acid residues
having similar side chains have been defined in the art-these families include amino acids with basic

side chains (e.g ine, arginine, histidi idic side chains (e.g., aspartic acid, glutamic acid),
uncharged poIaJ%%la%Pchains ?gfsgffrbﬁyéﬁ%%,gjég%yréﬁg Fﬁe?sg?ﬁ?éyngf%celfg’s%eﬁl ﬁre"?;ﬁfhf%%’f‘ﬁ ﬁ%{"ﬁ‘?i’)@ﬁf’é‘f cysteine,

tryptophan), norfSGISFsREER R4 e G hishhififree onlite Tedisré 2Beteticinerprbilint: wherdikddnine,
methionine), betadbranchidosideE ehains-¢mponshre dhine; aajireir soletsia)aad, aromaticeside chains

(e.g., tyrosine, m@mm!@meorwagalag@eéa&aﬁ;q;glﬁ)g@syﬁo@9&%@&9@%@9&2&5&&%&9@EL? acid
residue in a humabrgtantl%gég anélbody IS p,refer,abIEy replaced with another amino acid residue from the
A RKEFHAR AR EHDREr SRTSEAE RIS RelestrddEemtifduced

same side chainSlfamW
randomly along &g pastdiasbaitnire]l Saintotycbd i sedusrien; cush) aslysaturation _
mutagenesis, arehtbeirasufingunadifiediantilbsihanibedisssranhgsceaneddot Rindingactivity.
[0078]Accordingly, antibadies, ghsadssd 9&%@%%228@@9%)'&Q%%ﬁgqhgﬁé{%% "ggion)nucleotide

sequences disclosed herein and/or containing t eavy an chain variable region) amino acid

sequences discloSAq I FEe BEFIHINEsasrentivindecsmmadifed rpiswsimsdinmbodies encoded
by or containingl8filar sequémcesmshith e/ Ehaeéncpast arativelyldaodifieth-Fustider, discussion as to

how such substantiatiy-siniignantikodies:errde pensraled hared.oniihe partial e, HeAw,and light

chain variable r%(?igen ) sequences disclosed herein as SEQ ID Nos:1-4 is provided below. -21 -

118 : — <. . :
[0079]For nuclel€ acids, the term "substantial homology" indicates that two nucleic acids, or

designated seql@fidés therebrediah Biihedil cangreaidndeempaintesarbddentibatiovitndppropriate

nucleotide insertidizsroriddietitngmienatleastmigentB0%:afthany clestigde shusuadheat Igast about 90%

lo 9%, and mosg:pisisalabyatdeasl ahaul-aRYiaRR0 % AL Bugleo s Allerativsly substantal
n

homolc_)gy exist N Q Qntshfa se meeétseéliv{)_l }/J%Iil ze under selective hybridization conditions; to the
compkinent of tiéy S rand.nf(ejb%%'}ﬁor ammo acuf1 SEENTY BRE SN IBRRBSY Thtfichtdethe degree
of identity betw&H HB%iriarronerpabalehesy whtnventiitatbeiahgatderirdeddmpared™uithndppropriate
insertions or detetienshain constant region. The heavy chain constant region is comprised of three

domains, CHI, CH2 and CH3. Each light chain is comprised of a light chain variable region

(abbreviated herein as V1) and a light chain constant region. The light chain constant region

is comprised of one domain, CL. The Vy and V| regions can be further subdivided inio

regions of hypervariability, termed complementarity determining regions {CDR),

interspersed with regions that are more consewed,' termed framework regions (FR). Each

Vi and Vi is composed of three CDRs and four FRs, arranged from amino-terminns to

carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. The

variable regions of the heavy and light chains contain a binding domain that interacts with an

antigen. The constant regions of the antibodies may mediate the binding of the

immunoglobulin to host tissues or factors, including various cells of the immune systemn

(e.g., effector cells) and the first component (Clg) of the classical complement system.

[005€] The terms “antigen-binding portion™ and “antigen-binding fragment” of an

antibody (or simply “antibody portion™), as nsed herein, refer to one or more fragments of an

antibody that selectively bind to an antigen (e.g., IL-15). It has been shown that the antigen-

binding function of an antibody can be performed by fragments of a full-length antibody.



[0081]The percent identity between two sequences is a function of the number of identical positions
shared by the sequences (i.e.,% homblogy = 1 of identical positions/total # of positions x 100), taking
into account the number of gaps, and the length of each gap, which need to be introduced for optimal
alignment of the two sequences. The comparison of sequences and determination of percent identity
between two sequences can be accomplished using a mathematical algorithm. [0082]The percent
identity between two nucleotide sequences can be determined using the GAP program in the GCG
software package (available at http://www.geg.com), using a NWSgapdna.CMP matrix and a gap
weight of 40, 50, 60, 70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6. The percent identity between
two nucleotide or amino acid sequences can also be determined using the algorithm of E. Meyers and
W. Miller (CABIOS, 4:11-17 (1989)) which has been incorporated into the ALIGN program (version
2.0), using a PAM 120 weight residue table, a gap lengthpenalty of 12 and a gap penalty of 4. In
addition, the per ] ' )een.two.amino, acid sequences can be determined using the
Needleman and %%/%%@ch (Ilgn / c%:g%llg ! %53%2“&35‘? ﬁ@%ﬁﬁe&lﬁ'&mﬁmﬁmﬁ‘%’éﬁé@ﬁq%’orpormed
into the GAP prd§Faft iPie BERsidreiade ackeyEpmeitablmativtisnivemgegoorysinteeither a
Blossnm 62 matkix datPANMPEE hatrixinangi pagaib weighhhi 6, thi dd. rnRnbe i fiand A dength

weight of 1, 2, 3r4; Be&h&HIOB83] RUCIRISAGId Rrotein seguences of the present Invention can
further be used gﬁg@'ﬁg%%a% %?ﬂﬁ?ﬁg%to e@grform ag%%%%r?lggggins% pdgh 32{% E%Eé’ém’tto‘fgfgﬂsé‘%mple,
tic

identify related sequentes. SRR ENEL AN L EISBIBT AR kIR G e NBINSR P BIOAS T
programs (versiSR2 e sioARs eRtibody ov5a ioh. Migheal 61408 4011980} BLASH nuslgotisls, searches
can be performethivithidinesNBE ABT piagiarhacor e T:4QbNOrIenAh 71 2l0.0hiain, hugleotide

sequences homalegays foshe pHsigis:agid-molecules of - 22 - the invention. BLAST protein searches
can be perfonned with We,%ﬁAST pr!ogrartﬁ?:’ ‘score = §8at\?v§o[r: engtH S 3y SBtigRr LY RS R

sequences homolog e T8 tHE SFotet R foReEt #&erehdmiendomans eofsteifyippedaiyrnments for

comparison purfoses, CéfedtBlsAsRicadss, ttitized bs;deaaribadsiRAdtsshuhehahoNusleic Acids

Res. 25(17)3388,3462: (1997 nMhae ilizng BIASEARd, 9@@9 ¢ BEART, @%%'ﬂ%é'lﬁ%ﬁﬁau't
(See

parameters of t ' regrams (e.q., XBLAST and N ST) can be used.
http://www.riebi@gfr%g.glﬁlgg%vl).%0%%‘2]%?3 nacreie CEQ LR (KD Fredasie rhain Sle(eeilg: meeeell lysate, or

in a partially puffietEoT stBERERFAR IR ASS) Audisistarie iv. Tsolateat!. ercidubstanially pure” when
purified away fréf8TReTacaliLias ,cengosiegisdhtiathribeaRipninaRts & Fed AWNRT Ll NICIeic acids

or proteins, by stangatd techrighes-IRGlding alkal freafment, CsCl banpdjng, column
chromatography, agarose ge electr(I)1 hor s%g and o%r?/ed?g v%te% ﬁnor\;én %%ﬁ%m it §él§’,g E.’tﬂi'ﬂgﬁbel, etal.,
BRI

ed. Current Protocols in 1555 B rE HE B BRE AT b & sy amiersticn deoskleithty ork
(1987). [0085]NEeT: the /el Sessfirmmreots the soresen tfinveititipn, hbieefemirnativeisequence
(except for modifigsbdéstriction sites and the like), from either cDNA, genomic or mixtures thereof, may

be mutated, in aggidance with é@pqggqot%ggi%%%@,pgg\égg gene seguences. For COdir‘%

sequences, thege mutations, may. affect amino acid sequence as GesirEaTi fameihety Bhi
sequences subStantAlRy HEHOOGBIECTS B At Rrde foy feriveaimlegeritmstantcowitmtipsiand other

such sequence¥estrbetPaeilerreiotterplitec (whene Sstariveith inigitates dhalabsepuyence is
identical or moekeifisiorasanciRase uaRoe kP OSE30: AUGIRIC A%id5 s 0RaIARlY, linked” when it is
placed into a f%ﬁﬁﬂ%lobulin sequences. In one embodiment, human monoclonal antibodies are
produced by a hybridoma which includes a B cell obtained from a transgenic non-human
animal, e.g., a transgenic mouse, having a genome comprising a human heavy chain
transgene and a light chain transgene fused to an immortalized cell.
[0060] The term “recombinant human antibody,” as used herein, includes all human
antibodies that are prapared, expressed, created or isolated by recombinant means, such as
(a) antibodies isolated from an animal {e.g, a mouse} that is transgenic or transchromosomal
for human immunoglobulin genes or a hybridoma prepared therefrom, (b) antibodies isolated
from & host cell transformed to express the antibody, e.g., from a transfectoma, (c) antibodies
isolated from a recombinant, combinatorial human antibody library, and (d) antibodies

prepared, expressed, created or isolated by any other means that involve splicing of human



relationship with another nucleic acid sequence. For instance, a promoter or enhancer is operably
linked to a coding sequence if it affects the transcription of the sequence. With respect to transcription
regulatory sequences, operably linked means that the DNA sequences being linked are contiguous
and, where necessary to join two protein coding regions, contiguous and in reading frame. For switch
sequences, operably linked indicates that the sequences are capable of effecting switch
recombination. [0087]The term "vector," as used herein, is intended to refer to a nucleic acid molecule
capable of transporting another nucleic acid to which it has been linked. One type of vector is a
"plasmid,"” which refers to a circular double stranded DNA loop into which additional DNA segments
may be ligated. Another type of vector is a viral vector, wherein additional DNA segments may be
ligated into the viral genome. Certain vectors are capable - 23 - of autonomous replication in a host
cell into which they are introduced (e.g., bacterial vectord having a bacterial origin of replication and
episomal mamrqgllri(%gn\éeﬁ)tgur}s . Other vectors (e.g., non-episomal mammalian vectors) can be
integrated into the gendmie o £RGt EEMTRBHS CEORTRIS RS HodthCeromAnREraBymare replicated
along with the hé3teRehsrhevavereblrenderesipnventors dre cdgabtehofidirgetingtthe expression of
genes to which thenargiopaiatvelydinketh Sueh vamiarsars alRred-1o.berein A5 kecomhipant
expression veclorsh s MY ;esRIERIPn VRO In Jeneral i esaion vedore oy

recombinant DNA techniques are often in the form o mids. e presenttréﬁgé%ﬁ?Fgaf‘ﬂ'én, "plasmid”

and "vector" may/ B¥ T e P IEEAERAN G0l WA R ST SRS s Beninentinased fetremevector.
However, the preSéstiavediiorrégimentibd tomohidetsuchaaihestormsabexpression yeskars, such as

viral vectors (e.grofeplig alioRiBiBcivg LelAMEISE SnAdeRONIILSES ﬁqg_%%g&ﬁﬁﬁ%%at%l HYReS),
which serve eq%gg!gpgggg%pngﬁx{%gg?%%&sgd herein, the term "subject” includes-any human or
non-human animal. For example, the m thods ?n‘ﬁvgompositions of the present invention can be used
to treat a subjedM&ldng an iAarFhErsrPdsEase et atihndvitis, defipedhie mhtitoitbanthritis, The term
"non-human anitrabkimdudes ath ve siebniskes-edychipaRMalsaich H MK BMais-aueh:as non-human

primates, sheep.iBgaeauIckens AR RRIANS. [HRHIES. S5, 1Q082]Varipus aspects of the invention
are described in gurtheur ng%tayoi%tp? foléowing subsections. ILFactors Effecting Mannose Content
(a)Osmolality [00901Various celf culttire Bararhetersndih st s filn s wimtentsretecombinant
glycoprotein exjré®ebdif sfesrialiameaipeutupéenipariiot kithit was atiscoverzaiay wayof the
present inventicieahz) the higheritoriesmaipdity, obthe-eelauie-medismdds,dhe Dighst the percentage

of glycoproteins;ipdha CAMROSEIRAYIRG JBALG 10AN 4 gannose residues (i.e., MS species or, higher)
is. Acc_ordlngly, égtf%ﬁﬁ etwlgodlment of the present invention, osrﬁ‘%:)elalllctyp of' e ceﬁ c%itu_ré eflum is
maintained at 1658 thah Aboat BOGMOLHIKY Ho R A BIEsHy Ssmaimsibe terimsoicdigibssed
glycoproteins (€< apirsro8hmDdsmiikysio Abostl 880 ant®sny Kg) specifically binds to an epitope of

IL-15 may, however, have cross-reactivity to other related cytokines or to other I1-15

proteins from different species. However, the antibody preferably always binds to human

[L-15. In addition, an isolated antibody is typically substantially free of other celtular

material and/or chemmicals, In a particular embodiment, a combination of “isolated”

monoclonal antibodies having different IL-15 specificities are combined in a well defined

composition. ‘

[GO63] As used herein, “specific binding,” “selective binding” and “sclectively

binds,” refer to an antibody or a fragment thereof, binding to a predetermined antigen. For

example, in one embodiment, the antibody binds with an affinity (Kp) of approximately less

than 107 M, such as approximately less than 10 M, 10° M or 10 M or even lower when

determined by surface plasmon resonance (SPR) technology in 2 BIACORE 3000 instrument

using recombinant human IL-15 as the analvte and the antibody as the ligand, and binds to

the predetermined antigen with an affinity that is at least two-fold greater than its affinity for

binding to a non-specific antigen (e.g., BSA, casein) other than the predetermined antigen or

a closely-related antigen. The phrases “an antibody recognizing an antigen” and “an



(0091]For mammalian cell culture, osmolality of the cell culture medium is maintained at less than
about 550 mOsm./Kg, or at less than about 500 mOsm/Kg, or at less than about 450 mOsm/Kg, or at
less than about 400 mOsm/Kg, or at less than about 380 -24 - mOsm/Kg, or at between about 200
mOsmiKg and about 600 mOsni/Kg, or at between about 250 mOsm/Kg and about 550 rnOsm/Kg, or
at between about 250 mOsm/Kg and about 500 mOsm/Kg, or at between about 250 mOsra/Kg and
about 450 mOsm/Kg, or at between about 250 mOsm/Kg and about 400 mOsm/Kg, or at between
about 250 mOsm/Kg and about 380 mOsm/Kg, or at between about 250 mOsni/Kg and about 350
mOstri/Kg. [0092]In order to achieve an osmolality in the desired range, the concentration of various
constituents in the culture medium can be adjusted. For example, solutes which can be added to the
culture medium so as to increase the osmolality thereof include proteins, peptides, amino acids,
hydrolyzed animal proteins such as peptones, non- metalfolized polymers, vitamins, ions, salts, sugars,

metabolites, orgmpg: gmds %pq:sf Egnngn cnl"kaerslts‘éﬁllrQ gég%%%%rg%wwe%e& that thec Qgecptratlon(s)

of other constituents |n the culture mediUm can be mo |f|e In ofder to achieve angeswea osn"{olahty

[0093]In other e‘fﬂ’b‘&b‘fﬁﬁ"éﬁ‘i‘fée%gfﬂﬁéﬂﬁf‘&&ﬁﬂﬁé adjusted to the aforementioned ranges by adding one
or more osmopt8ftéfits to th& butture: HednsmsdEtemipldrineroprotetantsarksyelbticrown in the art

and include, bug@glm&m&%@o@g@m@ugb@gﬂg@éym[@égy%e&dg@pne and derivatives thereof
including, but n?ééér?) ted to, cma etalng betalnlgefaldeh de I ﬁ‘ﬁ tlcu are bodlmg(}t a cell

culture medium |ns beta CCONceMtration of & s’&r Sefter=or & tP‘FI”‘LmM to
about 100 mM, ‘aﬁﬁqfi@ﬁébgr@féwwiatcabﬁmfz%m%e&bout 30 mh.4. [0094]0Osmolality can be
measured by anyoabihe meansdhatiaceinyelkkppyewinkhe artRiddiesghdeseahechherish fher

example, an 03@%@%%&989 9&%&9&5'&% é%%%'ﬂﬁe fgmg&g%né’ friderdng brapdname

OSMETTE can be used for measuring osimolity of a cell culture medium. Aternatlvely Osmette model

2007 (Precision'Sbms, InéS AR A ‘E’Qrﬁ‘l’fgcﬁggif"fmgﬁ#‘étf?eﬁhﬁfﬁ%ﬁﬂﬁﬁ@ﬁfs%?‘fﬁ‘@'|nvent|on
osmolality can lshadeljhstédpbyt mediffiegrihsapreentidiionbes tirerarimerthoCibdtsiesugadsiggbptones,

amino acids angaRwneRiumdRibe eahamiune mmﬁ@@%a@mulﬂmﬁp@mm@n@ the
aforementioned arameﬁers affect| Q,ﬁgj?llahg can be. o mbgle% with magl atlpgsmﬁ temgerature

rearran € SWichIng cen
and duration of time w C]h f:he cgﬁs are tur CP'[ modulate (fuce mannose-content.

Accordingly, it %ﬁfﬁabb‘"‘ﬂ%‘é’f%‘&ﬂﬂd?lﬂﬁg%ﬁ@ﬂﬁ’%éwl&htﬁ&m@cﬁé@fﬁ@%‘??ﬂé%ﬁS'é‘ii“ﬁereln can be
adjusted alone ehinhcomibbiratitntomroesiidiedhemarniseicintentbnecormbitiantoglysappeteins.

switching may occur by, for example, homologous recombination between humen o, and
human 7, (3-associated deletion). Altemative non-classical switching mechanisms, such as
intertransgene and/or interchromosomal recombination, among others, may occur and
effechuate isotype switching.

[0068] As used herein, the term “switch sequence’” refers to those DINA sequences
responsible for switch recombination. A “switch donor™ sequence, typically a p switch
region, will be ¥' (i e., upstream) of the construct region to be deleted during the switch
recombination. The “switch accepior” region will be between the construct region to be
deleted and the replacement constant repion (e.g., v, &, etc.). As there is no specific site
where recombination always ocours, the final gene sequence will typically not be predictable
from the construct.

[0065] As used herein, “glycosylation pattern” is defined as the patiern of
carbohydrate units that are covalently attached 1o a protein, more specifically 1o an
immunoglobulin protein. A glycosylation pattern of a heterologous antibady can be
characterized ag being substantially similar to glycosylation patterns which occur naturally
on antibodies produced by the species of the nonhuman transgenic animal, when one of
ordinary skill in the art would recognize the glycosylation pattern of the heterologous

antibody as being more similar to said pattern of glycosylation in the species of the



- 25 - Potassium and Sodium Concentrations [0097]In the experiments leading up to the present
invention, it was demonstrated that an increase in potassium (K+) concentration in the culture medium
contributes to the high-mannose content of glyeoproteins. Accordingly, in one embodiment, the
invention employs a cell culture medium having a K+ concentration of about 70 mM or less (e.g., at
about 10 rriM to about 50 mM). [0098]As discussed above, the potassium concentration of the cell
culture medium alone may be controlled or it may be controlled in combination with one or more of the
other factors described herein which affect osmolality. In a particular embodiment, the culture medium
further includes a sodium concentration of about 200 mM or less (e.g., at about SO mM to about 100
mM). (ii) Amino Acids [0099)Other factors which were discovered to affect osmolality of the cell culture
medium and/or contribute to high-marmose content of recombinantly expressed proteins are the
concentration and type of amino acids in the medium. Fé&¥ example, in a particular embodiment, a
doubling of the co cmen,r}zg]L tiacl)nn of all 20 amipo acjds in the medium results in an increase in

fic

1551 & DA CUTAFEBaMHTE Re B Ha-hise&H rarshabivctienesiteulture

mannose-content. Accordingly, im a pa
medium is adjugte&§ f54de a reduced amino acid concentration. In a particular medium, the amino

acid concentratjons] reduceMy@bﬂﬂhﬂﬁéﬂ}[QQ&@QHQ”%@%%@rh@%ﬁﬂ%'%m%?&m&e?ﬁ%cu“we
medium is substangially, freg of one.ordnere aming, acids selected from the group cansisting of alanine,
arginine, aspartic acid and glutamic acid. (iﬁ)gslﬂtjg%%e[glgo Oeijagﬁ%? %grg% SRERATCH Wé?@uﬁig‘é% red to
affect osmolality "o TRECAH EUTTEBARHEARET FEEHE YAt R Bhriiinoisel etsAtepmar source
recombinantly éxprégsedprateinsearsthecconcetitratipnanthtips efsugans imthededium_In a
particular embagtifaent.-daensglleculture medium includes glucose at a concentration of about 1 mM to

about 90 mM. « " .
[60711 The term “rearranged” as used herein refers to a confi guration of a heavy

chain or light chain immunoglobulin locus wherein a V segiment 1s positioned immediately
adjacent to a D-J or J segment in a conformation encoding essentially a complete Vi or V.
domain, respectively. A rearranged immuneglobulin geae locus can be identified by
comparison to germline DNA; a rearranged locus will have at least one recombined
heptamer/nonamer homology element.

foo72} The term “unrearranged” or “‘germline configuration’” as used hersin in
reference to a V segment refers to the configuration wherein the V segment is not
recombined o as to be immediately adjacent to a D or J segrent.

[0073] ‘The term “nucleic acid molecule,” as used hersin, refers to DINA and RNA
molecules. A nucleic acid molecule may be single-stranded or double-stranded, but
preferably is double-stranded DNA.

{0074} The term “isolated nucleic acid molecule,” as used herein in reference to
nucieic acids encoding antibodies or antibody portions (e.g., Vyu, Vi, CDR3) that selectively
bind to IL-15, refer to a nucleic acid molecule in which the nucleotide sequences encoding
the antibody or antibody portion are fiee of other nucleotide sequences encoding antibodies
or antibody portions that bind antigens other than I1-15 » which other sequences may
naturally flank the nucleic acid in human genomic DNA. SEQ ID NOS: 1-4 correspond to
the nucleotide and amino acid sequences comprising the heavy chain (V) and light chain
(VL) variable regions of a human anti-IL-15 antibody. In particular, SEQ ID NO:1 and 2
correspond to the Vy of the antibody and SEQ ID NO:3 znd 4 correspond to the Vi, of the
antibody,

[0075] In a particular embodiment, 2 human monoclonal antibody that binds IT-1 5,
or an antigen binding fragment thereof, includes a light chain variable region comprising one
or morg and preferably all three CDRs set forth in SEQ ID NOs:8-10 and a heavy chain



(iv) Ammonium [00102]Another factor which can affect osmolality of the c_eII culture me_dium and/or
contribute to high-mannose content of recombinantly expressed proteins is the ammonium .
concentration of about 30 rriM or less (e.g., at about 0 mM to about 10 rmM). In one embodlmgnt, the
ammonium concentration is about 10 mM or less. (v) Peptones -26 - [00103]Other factors which were
discovered to affect osmolality of the cell culture medium and/or contribute to high-ma_xmose content
of recombinantly expressed proteins are the concentration and type of peptones used in the medium.
Peptones are media supplements that are produced from hydro]yzed animal proteins. _Sources of
peptones are well known in the art and include, for example, animal by-products, gelatins and plant
materials. Exemplary peptones include, but are not limited to, yeast extract, yeast hydrolysate, soy
peptone, soy hydrolysate, wheat peptone, and wheat hydrolysa_te, at a concentration of ab_out 0.5¢g/L
to about 60 g/L. (vi)Vitamins [00104]Other factors which2Were discovered to affect osmolality of the cell

[ [ igh- binantly expressed proteins are
culture medlumvgggépgl%%rg{l (%e rtigir%%h mannose content of recom y p

the concentration and type of vitamin used in e ARaTAY ﬁuptg?ﬁ%ﬁﬂaﬁéﬁ% GiriarEHhEcell culture

medium includé€¥E br more vitamins selected from the group consisting of biotin, D-calcium,
pantothenate, dRglifie chloride a fglit @itis sirinasiehiRcinasnidenpynhidoxal ldGoRyridexine MCI,
ribofiavin, thiamigs MChoouangeabalasinalia.concaniiation ol about,0.00005 L 1o hout 09 glL.
et g B I A N o M it Sl s i malrfiose conten
modifications which do not significantly affect or alter the binding characteristics of the
antibody encoded by the nucleotide sequence or containing the amino acid sequence. Such
conservative sequence modifications include nucleotide and amino acid substitutions,
additions and deletions, Modifications can be introduced into SEQ ID NOs:1-10 by standard
techniques known in the art, such as site-directed mutagenesis and PCR-meadiated
mutagenesis. Conservative amino acid substitutions include ones in which the amino acid
residue is replaced with an amino acid residue having a similar side chain. Families of
amino acid residues having similar side chains have been defined in the art. These families
include amino acids with basic side chains (e.g., lysine, arginine, histidine), acidic side
chains (e.g., aspartic acid, glutamic acid), umcharged polar side chains (e.g., glycine,
asparagine, glutamine, serine, threonine, tyrosine, cysteine, tryptophan), nonpolar side
chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine), beta-
branched side chains (e.g., threonine, valine, isoleucine) and aromatic side chains (e.g.,
tyrosine, phenylalanine, tryptophan, histiding). Thus, a predicted nonesseniial amino acid
residuc in a human anti-IL-15 antibody is preferably replaced with another amino acid
residue from the same side chain family.
[6077] Alternatively, in another embodiment, mutations can be introduced random!y
along all or part of an anti-IL~15 antibody codin g sequence, such as by saturation
mutagenesis, and the resulting modified anti-IL-15 antibodies can be screened for binding
activity.
[0078] Accordingly, antibodies encoded by the (heavy and light chain variable
region) nucleotide sequences disclosed herein and/or containing the (keavy and light chain
variabie region) amino acid sequences disclosed herein {ie., SEQID NOs: 1-4) include
substantially similar antibodies encoded by or containing similar sequences which have been
conservatively modified. Further, discussion as to how such substantiaily similar antibodies
can be generated based on the partial (i.e., heavy and light chain variable regions) sequences
disclesed herein as SEQ ID Nos:1-4 is provided below.



of recombinantly expressed proteins is the temperature at which the cell culture is maintained.
Accordingly, in another embodiment of the present invention, the temperature at which the host-cells
are cultured is also adjusted alone or in combination with the foregoing factors (e.g., adjustment of cell
culture timing and factors affecting osmolality) to modulate (e.g., reduce) mannose-content of
recombinantly expressed glycoproteins. In certain embodiments, host-cells are cultured at about 31C,
or at about 32C, or at about 33C, or at about 34C, or at about 35C, or at about 36C, or at about 37C or
at about 38C. Ill.Cell Culture Procedures [00106]In accordance with the methods of the present
invention, host-cells are cultured in a medium that allows for the expression of recombinant
glycoproteins having low-mannose content. Suitable cell culture procedures and conditions are well
known in the art. Host-cells (e.g., CHO and NSO cells) may be cultured in a wide variety of formats
and - 27 - culture vessels. For example, host-cells mayZbe cultured in formats designed for large scale
or small scale Flj[é?% b'fion oflglycoplroteing. Ahdditiongslél%, host-cells may be cultured adherent to the
bottom of culture Hlasks or disheS SF HEY AT BEn LHEARY BT S8 S HEERS FIgFERESIE r in roller
bottle cultures. fi¢ernivienbodirrrscidhprofudtiorcofiredbrabimen tylycoproteinsdndeotnaercially

relevant quantities; digsésells RaylrgrawadnsRioterstors iAnd e tpmbiobigaaciosdaving a
capacity of abo%%%&‘%ﬁe%t%oorﬁ’ RpRu2 th%ﬁaﬁ{e?r%%%ag{fa??e%% 1&&'{1?15(?5% tgt‘ggg%oér%?g“t 50 liters

or more, or about 100 liters or more, or about ers or more, or abou S Or more, or about

1500 liters or niBIEBidaholitonen s S46F AR Moo e it e bisameatiey M dxbéding can be
cultured (e.g., neadatakied anid/ordgraivn pondigoid, netkaandi preferahbe asaraultured, either
continuously oriRsMittently: by.soRvRRIGRALAL DG Mmethqds: SLeh 28 SlanaiDg.sHILue. test tube

culture, shaking culture (e.qg., rotary shaking culture, shake flask culture, etc.), aerafion spinner culture,
or fermenta\tionggdler?fl éétgr%l(rv!v%qer%%% ﬁ%lérh S @gg Ied fgsa‘?;g FTRirRE T dreacd kR d tdther
embodiments, AFSLREAS Hredimmared#ricisrmentor (e.g., in a ferinentation process). Fermentation
processes includesjut are notdipeitedttd-lnatchsfedbaicRane.cantinuansimethagsehirrpentation.

The terms "ballLpfogass and shalh JSenialion feler/R A ciesed sYsiem uhich he, compositon

of media, nutrients, supplemental additives and the like'is set at the beginning of the fermentation and

not subject to aitStZAEH Wrint e tEnn e R H TR e s ARdyhSeenespietiereBtPel such
factors as pl-i #htoryegbl bormeniratid fotopheubniexees o ftedivasidiftcationTaa déormpaissaorganism

death. The terngieddiatehuprasasst Ayt pipc-hatehifernentation wigeie.alateh fermentation with
the exception tQ@t:to%efiﬁr{e ore substﬁ%trggﬁggis é%ol%rpnents are added (e.g., added in increments or
e ;

. USINg a 11 N
continuously) or the cell culture conditions are anged as the fermentation progresses. The tends

"continuous prot&¥F and "coMiPTIBHY Ik RETTH R PYS e EJe tsaT MaRmten e deRratrfdrmentation
media is added:gioptinuGus!\ptogeafe imieaGC a@nd famequak aga gunt lablesedtgr//eondiioneeh)media is

simultaneouslyxgrpavieth Jos %Mo farrenaye mokilg fssie d praslust (& g fecembipant
glycoprotein). Qvg%ggg szs cg %roc%sslehs[, have b_efn deyeloped and are well-known inthe art.
[00108]In a particiiar erﬁboléim’erit?ra host B&IF B rERE R § A TRt R BRaA T R S FBRS&BNal antibody
that binds IL-1598"67665r¢3R #iidicsistaasionosiineribp riersidimskisfo MavothardsHtatiBeculture system. -

28 - (CABIOS, 4:11-17 (1989)) which has been incorporated into the ALIGN program (version
2.0), using a PAM 120 weight residue table, a gap length penalty of 12 and a gap penalty of
4. In addition, the percent identity between two amino acid sequences can be determined
using the Needleman and Wunsch (J. Mol. Biol. (48):444-453 {1970)) algorithm which has
been incorporated into the GAP program in the GCG software package (available at
http://www.geg.com), using either a Blossum 62 matrix or a PAM250 matrix, and a gap
weight of 16, 14, 12, 10, §, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6.

[0083] The nucleic acid and protein sequences of the present invention can further be
used as a “query sequence” to perform a search against public databases to, for example,
identify related seguences. Such searches can be performed using the NBLAST and
XBLAST programs (version 2.0} of Altschul, et /. J. Mol Biel. 215:403-10 (1990).
BLAST nucleotide searches can be performed with the NBLAST program, score = 100,

wordlength = 12 to obtain nucleotide sequences homologous to the nucleic acid molecules of



IV.Recovery of the Glyeoprotein [00109]Following the polypeptide production phase, the recombinant
glycoprotein of interest can be recovered from the culture medium using techniques which are well
established in the art. The glycoprotein of interest preferably is recovered from the culture medium as
a secreted polypeptide, although it also may be recovered from host cell lysates. [00110]In certain
embodiments, the culture medium or lysate is centrifuged to remove particulate cell debris. The
glycoprotein thereafter is purified from contaminant soluble proteins and polypeptides using a suitable
purification procedures. Exemplary purification procedures include, but are not limited to, fractionation
on immunoaffinity or ion-exchange columns; ethanol precipitation; reverse phase HPLC;
chromatography on silica or on a cation-exchange resin such as DEAE; chromatofoeusing;
SDS-PAGE; ammonium sulfate precipitation; gel filtration using, for example, Sephadex 0-75; and
protein A Sepharose columns to remove contaminants-8@ch as Igo. A protease inhibitor such as
phenyl methyl sulfonyl fluoride (PMSF) also may be useful to inhibit proteolytic degradation during
purification. On&"&KINEF it SR AR Rt Rat Pupréator mihbe X Bitabiefesrte seesmbinant
glycoprotein of infeérastdtengiterdite shudificationdd asgountfomehanrges:ntberchaiasiescaflthe
glycoprotein UporHeXRTESEINN ToresamBinaBl g@éh%&ﬁ%d@&%ﬁé&&&ﬁﬂ?ﬁ&@éﬂ!% plagdiment of the
present invention, ?Erg,\t ombin eg cgblgdo%rg?l Xpres d1USII’}_\9 the methods of the present invention
is @ human monoclonal antibody or an gh |g%‘h- incﬁr'lg Fﬁfﬁﬁen??ﬁ&%%%%&%?ﬁﬂﬁ (4iiBodies are
initially charactéti¥aceBliame 8k S draadsrmpted icrdliteroprates Garidfeubomethasth fuhdied antigen
such as, for exaeple-t rtbginRBE candihesbleckest witlireleantpreteins such as bovine serum
albumin (BSA) filigelin, RBSRIIHEONS f extracts from cultured cells are added to each well and
incubated for 1-@ %Jrs at S%C. The plates are washed with PES/Tween 20 and then incubated with a
goat-anti-humah 16G Fe-spedifi@PaRE RS PeX S8 ATSsHiiRy a6k iR PHES ha%EEfor 1 hour at
37C. After washifgithepifrionrdanitdhatwitrABA Swsibstraidisai lardlyacthat@biaf405.

[OQtllZ]To deLepmmeuﬁdhgzﬁmM@b' _ 't_§ ﬁ@g@%%tmmegﬁﬁﬁr%ﬁ%é%ﬁf%wggﬂ, Q'{ﬂ% to éﬂi% ue
epitopes, eac N bebiotinylated.usi ommercially available e ierce, Rockford,
IL). Biotinylatedél\i}&%ggixn%%ﬂcg c%ig be’ é%encsfg \S/yﬁc%%t%p é?/‘fé%/h"lla(%le ed agl?gabeﬁ?&% dEteMHiAe the
isotype of purified-AREtfe OISR P e menty e e rtshrietoriner sty ed ieshnigues. For
example, wellsiofimiototiies; platesuisanzbe.coht@dnwithPifaglail oantithusiangg gvesight at 4°C.
After blocking w&ﬂ,@%ggﬁ,ﬁh@pﬁt@g@g@c@%@@g\;ﬂfﬁ@@ﬂg/m1 of antibodies-or purified isotype
controls, at am GQ% temperﬁtug}e.fco&rwt\é/o hours.. Thege Is can then be reacted with either human IgG1

or other humart isotype specific conjugated probes. PatBESre HEVBHSBel it BfAI) 7 B¢ described
above. [00113JfFREpeTHiEtsridriteriifiehtedriamnnitnard gpdbproion pbdudddiusingtiie methods of
the present inventioreidiedoinanybe naskonntantidamydhatbistadid e ananaMigaRbinding fragment

thereof. To testihe-higdingcldsslociannclonalanibadies (o v cela EXPIRINIL: 3, flow

: . §
cytometry can $e use nBrleﬂ%/, cell lines and/or human PBMC's expressing mem rane-bound IL-15

(grown under stAATArd GFSTAR EEnaRIONET SRS TR A VAR R S HE Eh AR LR PORYEBNal
antibodies in PBSPedrianning, 015 BSmbeli< Bthsdadi8caiidCribedlhhein akftenisaghirg, the cells are
reacted with Fluatesceisilaaepdiontshumanig@antihesdy underbiersams s ansitignsasdhs, primary
antibody staini e sampl alyze FACScan instrument.using. light and side scatter
properties to 92%%2 singIe%%%sag%dgﬁﬁ{éin%%%rgtt’ﬁ%[%%%hggegﬁﬁsbs&’ ?é%g‘.é“’é"e g?ﬁ%r%&fr.?An alternative
assay using fUSHSEERE I PR ESHIIFAY BESaueiAadaRiDNAB 6 IRSRERIO Py HBENSH &tometry.
assay. Cells cardsebbtdiniesd éxactiying dasorivelitisive dndexsmined biriliereseencevidicroscopy.

This method alesevisualizatiproat-ipdivisyal-gelis.oulmavhavediminished sensiivitydepanding on
the density of tb&@q},@&%@-aLQOl%;ﬁnti-'LalE’ uman |S%GS can.be further tested for reactivity with the

IL-15 contignous and, where necessary to join two prelein coding regions,
contigneous and in reading frame. For switch sequences, operably linked indicates that the
sequences are capable of effecting switch recombination.
f0087] The term “vector,” as used herein, is intended to refer to a nucleic acid

molecule capable of transporting another nucleic acid to which it has been linked. One type

of vector is a “plasmid,” which refers to a circular double stranded DNA loop into which
additional DNA segments may be ligated. Another type of vector is a viral vector, wherein

additional DNA segments may be ligated into the viral genome. Certain vectors are capable



antigen by Western blotting. Briefly, cell extracts from host-cells expressing IL-15 can be prepared and
subjected to sodium dodecyl sulfate polyacrylamide gel electrophoresis. After electrophoresis, the
separated antigens will be transferred to nitrocellulose membranes, blocked with 20% mouse serum,
and probed with the monoclonal antibodies to be tested. Human IgG binding can be detected using
anti-human IgG alkaline phosphatase and developed with BCIP/NBT substrate tablets (Sigma Chem.
Co., St. Louis, MO). V.Pharmaceutical Compositions [00115]In another aspect, the present invention
provides a composition, e.g., a pharmaceutical composition, containing one or a combination of
recombinant glycoproteins having low-mannose content. In a particular embodiment, the
pharmaceutical composition includes at least one therapeutic protein having low-mannose content
such as, for example, a therapeutic antibody or an antigen-binding fragment thereof having
low-mannose content -30 - (e.g., a human monoclonat &htibody that binds 1L-15 or an antigen-binding

fragment thereqfy.. ln anather particular emlggdi ent, a phagmaceuytical composition of the present
invention includes one or,mor%%ecomb?nant ;qffr@o%t:%ﬁa}%cs f%é@iﬁéel%‘vt\?"r%ué:ﬁﬁ %%’c’%?ﬁf%‘ﬁaf} formulated

together with a PRARARELE AN Eidepiamaanisritacd sipirarah sesuticidcormpenitiofisof the

invention also certtbes Grimirpstepsthincomibindiory therapyni e iommhides b aiheragentssor

example, the ceathipation:tiarapy %@MH?:%&}F&@B%?é@%x%ﬁ%ﬁo%%%%%&%@% with at least one
S

or more additiongl therapeutic agents, such as anti-inflammatory ‘agents, D Isease-modifying
OIme. . Moreover -certain vectors

anti-rheumatic 8rugs), immunosuppressive RS PERE R HEr P e T e HrRy pasfisdissdgerishThe
pharmaceutical¥SMFoGHY BT Ik shv Snabrastasaliso Yermdmitistned ncconjinetienpwittisadiation
therapy. Co-admeinistratiorimitly,otheeanibodies:suoh a&GR4.sprclfic.antRedies and 42 specific

antibodies, are.@lsg,eRGQMRSSEL Ry the.invention,,uch combinations with CD4 specific antibodies or
1L.-2 specific antibodies c%[?‘considegéed paérticuIar@tuse?ﬁrfgﬁr%ﬁ?r%' e?ﬁ\t%ie FSonG RN

transplant rejections.” 71RE s BrR reies pHshenesaliozan brorlepritis twmest taelmdelyany and
all solvents, dispefdismmbtietcsobitimgseiathibaetenidhaadianifingal @genishisotosicardohsorption
delaying agentsf agddiaatikedad, a&ehpﬁygj@io,gigg,lg(é;gp}g@ﬁi@goﬂg;gc@gym;}a%ﬁggg,er is suitable for
intravenous, intramus r aneous, parenteral, spinal or epidermal administration (e.g., by
injection or infu%ioﬁgg). [ﬁ)%%e%%#r%%%%% e %Ejet%e%’fug?féﬁiﬁ% %a on- ﬁ%%’?’@%&ﬁfﬁﬂ‘fﬂﬂﬁglycoprotein, e.g., an
antibody, bispe@ifitthnd muriSpetdieTisida termmaybiretd saghdin aaniamonnbtopratecttheicompound
from the actionfef axitwantothahaktardlcoonditions tiakdaysinastidatpthacompaiind 001 18]A

"pharmaceuticallyjagcpiable saltpiars Qiaraltdhat tefaing;the Q,e%q;ggg%g%oaq{gglﬁact}\ggy of the
parent compoqgldmaqidnq es not imgla,r]t any un esired toxicological effects (see e.g., SBerge, S.M,, etal.,,
J. Pharm. Sci. 66:1-19 (1977))" Examples of o Saitd ficfute deratdribrsanamma v asd addition
salts. Acid addffiSisErEHauTe Bsode e doadtrombitkatexieiriohiEamiceatigs, sach as hydrochloric,
nitric, phosphol@®ssiilfuric, hjdtebremiedyidneiadicHaRaspheyaitsancrihedikeas gl as from nontoxic
organic acids syghwaaadiphaticaono- and dicarboxylic acids, phenyl-substituted alkanoic acids,
hydroxy alkanoic acids, aromatic acids, aliphatic and aromatic sulfonic acids and the like. Base
addition salts include those derived from alkaline earth metals, such as sodium, potassium,
magnesium, calcium and thé: like, Eestaed | Efefihng Wamtande Gpgamic amines, such as N,N'-

{a} Osmolality

[0090] Various cell culture parameters can affect the mannose content of a
recombinant glycoprotein expressed in mammalian cell culture. In particular, it was
discovered by way of the present invention that the higher the osmolality of the cell culture
medium is, the higher the percentage of glycoproteins in the composition having more than 4
mannose residues (Z.e., M5 species or higher) is. Accordingly, in one embodiment of the
present invention, osmolality of the cell culture mediurn is maintained af less than about 600
mOsm/Kg to reduce or control mannose content of expressed glycoproteins {e.g., about 250
mOsm/Kg to about 600 mOsm/Kg),

[D091] For mammalian cell culture, osmolality of the cell culture medium is
maintained at less than about 550 mOsm/Kg, or at less than about 500 mOsm/K g, or at less
than about 450 mQOsm/Kg, or at less than about 400 mOsm/Kg, or at less than about 380



- 31 - dibenzylethylenediamine, N-methylglucamine, chloroprocaine, choline, dicthanolamine,
ethylenediamine, procaine and the like. [001 19]A composition of the present invention can be
administered by a variety of methods known in the art. As will be appreciated by the skilled artisan, the
route and/or mode of administration will vary depending upon the desired results. The active
compounds can be prepared with carriers that will protect the compound against rapid release, such
as a controlled release formulation, including implants, transdermal patches, and microencapsulated
delivery systems. Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Many methods for the
preparation of such formulations arc patented or generally known to those skilled in the art. See, e.g.,
Sustained and Controlled Release Drug Delivery Systems, J.R. Robinson, ed., Marcel Dekker, Enc.,
New York, 1978. [00120]To administer a compound of-th&-invention by certain routes of

administration, &5’@//&& NeGss %%\é 19,0 %96 UQ&VA’ &t%rog %d ﬁgﬂlst&r aﬂ'!)e comrpound with, a

material to prevent its inactivation. For examp e mpoun stere tO a SUbjeCt In an

appropriate carfR¥™dre Rﬁ?ﬁﬁrgﬁﬁ?&ﬁ%§58r%w5ﬁt OPF@%WR%‘I?%&%F&% #ients include
saline and aquebuost S0fferoivitions. 4t iposemedinchsdentateiinat-baveted GORamuUlsiens as well

as conventlonabaﬁ%grm@oﬁu@sm@@gﬁm!g aha NESHOIT QL K2 L 19840-4008 2L IPharmagatically

acceptable carriers gnclu%east%n Igrueo solutlons or_dispersions and sterllesgowders for the

extemporaneous preparation of Sterte injeatabie Sotiicng Br HEAerIRh 2595 1 %‘Pf&gmedla and
agents for pharf@&&8utically Bctver svpdtEveas isterleliin 1mthqel%$nteﬁmi imsofascasaivg ednventional

media or agentisrineompatitéamithihewnctivaenmpeunst Asethereef ki dhgiphamacetisakn
compositions obngdRYestiRrinsenemARlEd, HRRlEmERIAN AGNG camppUndscanalse be

incorporated into th compositions, [00122]Therapeutic_ composmons typlcal y y must beé stérile and

stable under thB®PE5HATEAS %ﬁf%éﬁd’f&’éﬁﬁ%ﬂ&ﬁﬂﬂ%{ﬁ?&g@s R B AIeRRoPPEAR R TEFfulated as a
solution, micro@elisish, viposotrienssdthersrdenedabiylich ressuitasigitdinigh ahrdithedheentsation. The

carrier can be as@b@mawiﬁpwﬁpmesﬁ%@&mmm JosxahRlerwater athanalcRalyalifor

example, glycefol, propylene gc&f%ngdll uid %osyegylen ;,/col and the like), and suitable mixtures
thereof The prdger fluidity can emalntalneéf or ex examp e V't

he use of a coating such as lecithin, by
the maintenand€GPthe rquﬁ‘éﬁ*‘ﬁ’é?ﬂtﬁ%dé‘ﬁ‘é“iﬁ %@0131’}2’ Cé‘é@é s esddestiemagnensydhecdse of
surfactants In rrengysCasesiiitowiikle preferabletodnelude setonicragentsfoRexapiple, sugars,

polyalcohols smaﬁrm@@ﬁﬂpsr@w@ﬁ@mwnsg%mmgﬂ%t{% the: GRMBPSIHRM: £relonged absorption of
the injectable colmJ)OSALO s can b bro a&bdout bt\]'/ mclud in the composition an agent that delays

e Tl 4T FORPT 2% St e T SCEAIRE ShTRrf¥ & an be

absorption, for %)%rample monostearate safts an
prepared by m(‘?@FﬁéFaﬂﬁ*@‘?ﬁéléﬁWc@?mﬁﬁ febpdipofede amibemtirg arrdipproptiate solvent with
one or a combibatine afdrgredients:eotuberated-aboy grasrasuil asb followe by steriizatian

mierofiltration. Gzangrally, dispersions arsjsRared by iggegporating the active compound into a sterile

vehicle that c Jé%éla a basic dispersion medium and the required other ingredients from those

enumerated a n the coSEDPURS TS POMERTE IO PIHR NP S AR R &A1Y SikeetsldnsdRitions, the
preferred methaidanst hrsp dpagidredberciac inmedtyinty.and freazetal syl yoldhili Zsten Sthatifield a

powder of the activemiagredianiqlus sny.additomaldesiredingredient,fromsa-Rieviously, sterile-filtered
solution thereoé‘eil culture medivm. Alternatively, Osmette model 2007 (Precision Systems, Inc., Natick,

MA) can be used.

[0095] In other embodiments of the invention, osmolality can be adjusted by

modifying the concentration of one or more of salts, sugars, peptones, amino acids and

ammonium in the cell culture medium.

[0096] I still other emboediments, the aforementioned parameters affecting

osmolality can be combined with manipulating the temperature and duration of time which

the cells are cultured to modulate (e. g, reduce) mannose-content. Accordingly, it should be

understood that the various cell culturing parameters described herein can be adjusted alone

or in combination to modulate the mannose-content of recombinant glycoproteins.



[00124]Dosage regimens are adjusted to provide the optimum desired response (e.g., a therapeutic
response). For example, a single bolus may be administered, several divided doses may be
administered over time or the dose may be proportionally reduced or increased as indicated by the
exigencies of the therapeutic situation. For example, the human antibodies of the invention may be
administered once or twice weekly by subcutaneous injection or once or twice monthly by
subcutaneous injection. It is especially advantageous to formulate parenteral compositions in dosage
unit form for ease of administration and uniformity of dosage. Dosage unit form as used herein refers
to physically discrete units suited as unitary dosages for the subjects to be treated; each unit contains
a predetermined quantity of active compound calculated to produce the desired therapeutic effect in
association with the required pharmaceutical carrier. The specification for the dosage unit forms of the
invention are dictated by and directly dependent on (a.')ztﬁé unique characteristics of the active
compound and the particular therwuticﬁ{g&&&l&g&g@ﬁx&d@%\& ]Q%)atﬂhoenlsimitations inherent in the
art of compounding such an active compound for the treatment of sensitivity in individuals.
[00125]Exam pIEOsO%ppharm dedbriemr ek sdine iR sRtInYR D) thaksrdsaeniEatstioxidants,
such as ascorbibateidineystsimerhtrdsoch iBrideosoditaideisu et oy bodi nrlinetahisibfites wadéum sulfite
agnd Ithe gk:; é%@'r—?@ﬂﬂﬁﬂ@e%ﬁ%}dﬁ@%wﬁs%&%aﬁ@&fﬁ?ﬁ/&liﬂ%@ﬁ"fl{@eBHBdlﬁ%@Qcﬂlﬂgfggé{ﬁﬂﬁge (Bg%
utylated hydroxytoluene (BHT), lecithin, .- 33 - allate, alpha-tocopherol, and the like; an
metal chelating‘?rax ZO tss,ascﬁgfﬁuéshgi fe é%?d?ﬁﬁﬁgr%%%?g%ﬁg gﬂ%%%%‘fﬁ:ué%gﬁ%ﬁ? §ofifb1, tartaric
acid, phosphorfeaid9 Y thetme Sfoed9s]For the therapeutic compositions, formulations of the
present inventigtiidlude thaseisuitableaforgrak pasaliviapiealinallddivghucaptandsublingual), rectal,
vaginal and/or pepeniakabadspiniaiaten Lhedumualions may:sanveniantly. be presepted.in unit
dosage form ar}d may bel%re ared t‘%S: y methods known in the art of pha\rmacéi The amount of

active ingredientWmicH CAl Be &SR0 A AR WS St AsAG BH B form wil
vary dependingiggsurtfistbeibpdedssingotemadnemt thenpdnieuat(fodé ofledrigistrationt The amount
of active ingredigntiwhichtaan Regombined with a carrier material to produce a single dosage form will
generally be that amount of the co&gposig%r\{\éh%:cq produces a therapeutic effect. Generally, out of one
hundred per cent, this amount will range from about 0.001 per cent to about ninety percent of active
ingredient, pref@%@ from 4180t BHS PErhamrisisrieio peicd AerBlnmetaeasil e about 0.01
per cent to aboued0mpendentofdita? [P diphadionseabthenpré sentihirentipaxviichdar@istiitalle for
vaginal adminiskadiaRAleaitichide,pessaries, RIPANG. HEAMS, 9615RRsIESH Pams-a.sPray
formulations coent%i)rgirf]ges chicarriers as are known in g?i%azré to be appropriate. Dosage forms for the
topical or transdlgrma aa_r’nlnls Fation of compoaitions of this 1RvaRt SR T EiUds BElRIESEbHy s,
ointments, pasf@SNEIRAAATE THRENE HETErSoftfsHE N patdhePatiariah alsbrdinTnbcddiveresnipound may
be mixed undeirstetilenctiditiond mithradilrannadestic allyaecapilla ek heanehMdthanyn.

preservatives, puffers: o piasalants dueh,may belequissd: [00IR8I s Alasss "parenteral
administration” "admini teredgparenter Ily" sﬁLj\sed herein means modes of administration other
1% tohe L7y

than enteral and topical adririafafior et FREtohe £Ad SREaEE SR RAREREN,
intravenous, infraffdsedlar tiptearieriatidntdthtsdaomtiacamsnlernimtapdiitdnintracsiniiac,
intradermal, intsapetitepra#rgnstracherl, subcutaneous, subcuticular, intraarticular, subcapsular,
subarachnoid, intraspinal, epidura{igpd iggg;rtgrnal injection and infusion.

[060101] Other factors which were discovered to affect osmolality of the cell culture
medium and/or contribute to high-mannose content of recormbinantly expressed proteins are
the concentration and type of sugars in the medium. In a particular embodiment, the cell
culture medium includes glucose at a concentration of about 1 mM to about 90 mM.

(iv) Ammonium
[00102] Another factor which can affect osmolality of the cell culture medium and/or
contribute to high-mannose content of recombinantly expressed proteins is the ammeonium
concentration of about 30 mM or less {e.g., at about 0 mM io about 10 mM). In one
embodiment, the ammonium concentration is about 10 mM or less,

) Peptones



[00129]Examples of suitable aqueous and nonaqueous carriers which may be employed in the
pharmaceutical compositions of the invention include water, ethanol, polyols (such as glycerol,
propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof, vegetable oils, such
as olive oil, and injectable organic esters, such as ethyl oleate. Proper fluidity can be maintained, for
example, by the use of coating materials, such -34 - as lecithin, by the maintenance of the required
particle size in the case of dispersions, and by the use of surfactants. [00130)These compositions may
also contain adjuvants such as preservatives, wetting agents, emulsifying agents and dispersing
agents. Prevention of presence of microorganisms may be ensured both by sterilization procedures,
supra, and by the inclusion of various antibacterial and antifungal agents, for example, paraben,
chlorobutanol, phenol sorbic acid, and the like. It may also be desirable to include isotonic agents,
such as sugars, sodium chloride, and the like into the comapositions. In addition, prolonged absorption
of the injectable@a%érjaceutical form may be brought about by the inclusion of agents which delay
absorption such'as atdminunt FEHB&s B RergEiatY 708 13 1inrhemlelitprbundscofithe present
invention are adFffiiste red/ercphizitmace tidatsrtodvamansaiitaniBalmibeysarle.gien gone or as
a pharmaceuticaheosmpasition cant@itng pipr ANk, 0:001.18.90% (more preferably, 0.005 to 70%,

12

such as 0.01 to 309 ive ingredjent.in combjnation with a phar,maceutlcalr)y acceptable carrier.
(00132jReg ardle%%g?)%‘r%rg%lﬁ?e%f AN éié?é%f’gcf‘,nfﬁliﬁdﬁ RipBtiIncR-Eres praisent drvention,
which may be u$&d [RFe Bt yardrsintsrfr srroieiprimaceltcalebmpositiens:of the present
invention, are forrmistated intoiphaymacenticaliescaptabledasasefoyasiy.ceavsitional methods
known (0 those piekilindne 891 BAGA) Aaagelsels ol e acive ingretiients In the
pharmaceutical cggrgl%ga%ggn% % trge Qresent invention maE/) e vdried so a &ffrdth mount of the
active ingredient Which 15 effeétive t% R BT CRegited therapeutic response for a particular patient,
composition, and mode of administrdiion Yiiheus being toxic to the patient. The selected dosage level
will depend upofeat veriety obmhammasekineticfactarsdneluging the. activit:ef thg particular
compositions ofthe presantinyention %rpjpﬁlgxgd, or ttg}gn?esﬁterf?alt or amide thereof, the (ou?e of
administration, (i e time of administration, the rate of excre i8n_8‘f°fﬁ3“b@ﬂ?éﬁ’f£ﬁé&‘?ﬁ|88ﬁ?faslﬁé?ng
employed, the dUFARBA SRR FRAbRS AT Girsintriige, ip dnpendings. dndyperiraleriatbodiadkin tembination
with the particukllcoipesitiding:énsbldyeshetherage vaemiweighti-aangitian Laanaialdealhand prior
medical history wibtiaprpalieni:engoieated anehike faciors well known in the medical arts. A physician
or veterinarian B%&Q&Eﬁ?&ia%c{%i& EQ&ar, can readily determiné an %ésc.rl Ethe effective amount
of the pharmaceutical compdaition required. Eof exampiaithe PhiLieria i areirpirtaacabatigstart
doses of the coﬁﬁﬁBﬂﬁ&s"B&‘iﬁ@%%ﬁ%ﬁ @thleyed in the pharmaceutical composition at levels lower
than that required in order to achieve the desired therapeutic effect and - 35 - gradually increase the
dosage until the desired effegj is afgjge(gqt&geqeneral, a suitable daily dose of a composition of the
invention will b O%@t{fmounﬁgf he compound which is the lowest dose effective to produce a
therapeutic effect. Such an SRSEIRETEES WP e sty tep énerafsisiitane Rghonsaeseribuenabove. It is
preferred that RfffiHEPaRBHUEmtravtprotRnir nteemdaintiapeiitone akinksthcitaneous,
preferably admimisteteeipraximaligsha siamf thetargrh: |$ﬂzﬁ§%?é§eﬁ'i‘ﬁx%ﬁ%ﬂy%g@%@%ﬁ%&m a
therapeutic compositiondnay Readpiniierad.as.tua, three, four five, Six or more SUB-doses
administered s?é)gratel%at a %ropria,te Intervals fhroég%om_ﬁ; e ara’y, Sﬂ‘ﬁ’dﬂ%{fﬁ}‘, Yﬁtﬂﬁﬁf’dosage forms.
While it is possiblertor %%?ﬁ% PR Brelsnt mBrtismivee blnmstEeetinaloneslitlis preferable to
administer the BSARE fRiZagw plsrmracseticatéor nTulationeompegitiend glycoproteins. In

certain embodiments, host-cells are cultured at about 31°C, or at about 32°C, or at about

33°C, or at about 34°C, or at about 35°C, or at about 36°C, or at about 37°C or at about
38°C, '

111 Cell Culture Procodures

[00108] In accordance with the methods of the present invention, host-cells are
cultured in a medium that allows for the expression of recombinant glycoproteins having
low-mannose content. Suitable cell culture procedures and conditions are well known in the

art. Host-cells (e.g., CHO and NSO cells) may be cultured in a wide variety of formats and



[00134]Therapeutic compositions can be administered with medical devices known in the art. For
example, in a preferred embodiment, a therapeutic composition of the invention can be administered
with a needleless hypodermic injection device, such as the devices disclosed in U.S. Patent Nos,
5,399,163, 5,383,851, 5,312,335, 5,064,413, 4,941,880, 4,790,824, or 4,596,556. Examples of
well-known implants and modules useful in the present invention include: U.S. Patent No. 4,487,603,
which discloses an implantable micro-infusion pump for dispensing medication at a controlled rate;
U.S. Patent No. 4.,486,194, which discloses a therapeutic device for administering medicants through
the skin; U.S. Patent No. 4,447,233, which discloses a medication infusion pump for delivering
medication at a precise infusion rate; U.S. Patent No. 4,447,224, which discloses a variable flow
implantable infusion apparatus for continuous drug delivery; U.S. Patent No. 4,439,196, which
discloses an osmotic drug delivery system having mult-ehamber compartments; and U.S. Patent No.
4,475,196, which isclosesi an,osmotic drug delivery system. Many other such implants, delivery
systems, and moduiss &Fs knowr 3 TRGsBSkifaT Hankesi forissirresr dansnbodimentsdlthe
therapeutic glyctprettipesisimedysteseritshveptitnnsan bé fatulllotes-te Bnauyspraperedistribution in
vivo. For exampiléndiaa: bhoad dataim basiraBRRexcudes &‘ﬁﬁ% highiy. hydrophilic cempouynds. To

ensure that the gharapeutic compounds of the inyention cross the BBB (if desired), they can be
formulated, for example, inﬁi%c%qs%ﬁnég.eﬁ?)bror%%ﬁ\é ge%fr}rﬁgﬁ%?m Eﬁﬁl BEoffedodagimgt u.s.

actur

Patents 4,522, 8108 F AR oRmies ST eHa gelsyme sumiico hnstisd loneobimoreminieties
which are selectivetyctranspdntedeinteyspecificeelison Oigapsithus sohanseiasgeied dugsglivery
(see, e.g., V.V. 18@;6%Qﬁaéfegirlab%mrmﬁ&gl012,%@@,50(%8&%)5@%%{@Iglrar% targre%%%tmgéqggrs, anlude - 36 -
folate or biotin (r?SPe %igﬁutg %@ternt 5,416,016 to Low et at); mannosides (1 rnezawa et al., Biochem.
Biophys. Res, Commun. 15 (.)L 13 flﬁ%?ﬁ?’éﬁt%%ﬁég%{’ff?ﬁf)@?fﬁﬁ’éf‘%?‘#Eﬁ@ {t'&te BITO140 (1995);
M. Owais et al. KARRWCEBE? Agsmsreremother. 39:180 (1995)); surfactant protein A receptor (Briscoe
et at Am. J. Phy8id?71233: 184:¢k 89 2pbdiferand, spaciensebwhichimav: ¢onnrisedhsfaimulations of the

inventions, as W 1 VS Qlecules, 1200n %chr ier et al. J. Biol. Chem.
269:9090 (199%@33?%@%%%? @&yﬁrpi%irggkue;gﬁgg ergl. 34623 AESHf P R Rlon: 1.0.

Fidler Inmunomethods X073 {18 m° Er AL TAIHE A COI R R S e thekipetiorsompounds
of the present iffv@ntRSerarbdonmentivse prdkipfssnvelnin atmorepiefaredembadinent, the liposomes
include a targetingeneiety. In acranstpiiaed:emhedinent thedBeiaREMHICCOMPaUNgs, i the
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Further references can be made 10 "Curmmgham-Ronaresed SHGg ¥ Erminrsierasiism J. (1992)
Biological actiitfEBifoN daftste afiratsmprinagteb idincatnjuysdect Resisidae teygnaymatic
degradation. | kerremiciivieth posedi52 &4y v anidifedtandasM. 1098 :Maternal-fetal frapsier of

immunoglobulingARRAYRIEYASEmEdRmIRLTAAT9: 283, This s apristlarly releyant when the
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glycoprotein is gn aggg%g g&e&fo&ge}%usr&%osr greventlng recurrent Spontaneous aborion. [00137]A
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defined fermentation media is added continuously to a fermentor and an equal amount of
used or “conditioned” media is simultaneously removed, for example, for recovery of the
desired product {e.g., recombinant glycoprotein). A variaty of such processes have been
developed and are well-known in the art.

{00108] In a particular embodiment, a host-cell expressing & recombinant human

monoclonal antibody that binds IL-15 is grown in rolier bottles, two-liter spinner-flasks or
another suitable culture system.



[00138]ACR20 Preliminary Definition of Improvement is defined as: > 20% improvement in: Tender
Joint Count (TC.1) and Swollen Joint Count (SW1) and 20% improvement in 3 of following 5
assessments: Patient Pain Assessment (VAS), Patient Global assessment (VAS), Physician Global
Assessment (VAS), Patent Self-Assessed Disability (HAQ), Acute Phase Reactant (CRP or ESR). -
37 - [00139]ACR50 and ACR70 are defined in the saint way with? 50% and? 70% improvements,
respectively  For further details see Felson ei at in American College of Rheumatology Preliminary
Definition of Improvement in Rheumatoid Arthritis; Arthritis Rheumatism 38: 727-735 (1995).
[00140]The ability of a compound to inhibit cancer can be evaluated in an animal model system
predictive of efficacy in human tumors. Alternatively, this property of a composition can be evaluated
by examining the ability of the compound to inhibit, such inhibition in vitro by assays known to the
skilled practitioner. A therapeutically affective amount ofzg therapeutic compound can decrease tumor
size, or otherwise ameliorate symptoms in a subject. One of ordinary skill in the art would be able to
deteimine such amounts based on sucH$gtbrehdefaluenise ansize, the severity of the subject's
symptoms, and i §RirticulaFobrmpasitiopodyprguid: of atimisisptatientsaleciasini®® A+ bhha-ability of the
antibodies to realpsPEeVERERSOBRSIEGAMAISARE %\é@lﬂ%%@a@%%fﬁi’%@#%%%ﬁhgg%_‘éYF'.' known in the

art. [00142]The composi i:% must be st rLIe and fluid to the extent that the composition is deliverable
o a%ig%aﬁ?%rogghtab’éDiﬁ"l%’b%rﬁ’@%ﬂ%’éﬁ’éﬂrg%ﬂﬁféeg Qb &Hardl, polyol

by syringe. In adc ition to water,

(for example, giFERsT praFsferiadgigbornide RibRegolyathepiere giyeotiainibthddite}idnehssitable

mixtures thereoftPioper fluidityceamberpadntaingdhéonxamplechysant coatingsiehas lecithin, by

maintenance Ofréﬁﬁwé%gr{?éﬁé‘%é%éhz&ﬂ%&hﬂ& (%rg{éﬁ):% iroeg e?gs %Xn%{’c‘l fo?rl#:fadams' in many
alco

cases, itis prefgrﬁwg to itr‘l_:?ltste |so}on|c agents, for example, sugars, poly _ocigt%ﬁ%rharéts man_n_itol or
sorbitol, and sodium chIBHAE RIS ¢BRPSS s CoaRFREHSaHIR R sFIHeEnBrsaieompositions
can be brought2sdirebyniptsgeittsinngiededmpusitioniantaljen fdtichatelaysinhserptionigar example,
aluminum monastearaie g gelatin; KRLSBIWheR-tS active SHMROURHDS sullably Pratecledas
described abov@r J)H% cation-exchange resin such as DEAE: chromatofocusing; SDS-PAGE; ammonium

sulfate precipitation; gel filtration using, for example, Sephadex G-75; and protein A

Sepharose columns to remove contaminants such as IgG. A protease inhibitor such as

phenyl methyl sulfonyl fiuoride (PMSF) also may be useful to inhibit proteclyiic

degradation during purification. One skilled in the art will appreciate that purification -

methods suitable for the recombinant glycoprotein of interest may require modification to

account for changes in the character of the glycoprotein upon expression in recombinant cell

culture.

[00111] In a particular embodiment of the present invention, a recombinant

glycoprotein expressed using the methods of the present invention is a human monoclonal

antibody or an antigen-binding fragment thereof, Generally, the antibodies are initially

characterized by ELISA. For example, microtiter plates can be coated with purified antigen

such as, for example, IL-15 in PBS, and then blocked with irrelevant proteins such as bovine

serum albumin (BSA) diluted in PBS. Dilutions of exiracts from cultured cells are added to

each weil and incubzted for 1-2 hours at 37°C. The plates are washed with PBS/Tween 20

and then incubated with a goat-anti-hurnan IgG Fe-specific polyclonal reagent conjugated to

alkaline phosphatase for 1 hour at 37°C.  After washing, the plates are developed with ABTS

substrate, and analyzed at OD of 405,

{00112} To determine if the antibodies produced by the methods of the present

invention bind to unique epitopes, each antibody can be biotinylated using commercially

available reagents (Pierce, Rockford, IL). Biotinylated MAbD binding can be detected with a

streptavidin labeled probe. To determine the isotype of purified antibodies, isotype ELISAs

can be performed using art recognized techniques. For example, wells of microtiter plates



compound may be orally administered, for example, with an inert diluent or an assimilable edible
carrier. [00144]Other embodiments of the present invention are described in the following Examples,
which should not be construed as further limiting. The contents of Sequence Listing, figures and all
references, patents and published patent applications cited throughout this application are expressly
incorporated herein by reference. - 38 - [00145]In all the Examples discussed below, a fully human
monoclonal antibody that binds IL-15 having a light chain variable region comprising the amino acid
sequence set forth in SEQ ID NO:4 and a heavy chain variable region comprising the amino acid
sequence set forth in SEQ ID NO:2 was used as an exemplary recombinant glyczprotein (referred to in
the Examples as an "exemplary recombinant glycoprotein”). However, it would be clear to one of
ordinary skill in the art that the mannose content of any recombinant glycoprotein can be modulated,
as discussed herein. Example I: Osmatality affects manewmse-content of recombinant elyconroteins
[00146]In order to investigate the affect of osmolality on mannose-content of glycoproteins,

mannose-contefP ST BEKEN Bl HeEohbiaaritgye dprotanishba Aifalyaber Aogkiyingibsiiolalities in
both shaker flagisanthbidreacterrewdteied HAR gemdnstisibodissigpe fledhighypapness, eontent

increased from akoui k4% 0,8b0kL 24300t e ineirass slmedium.asmelality, from about 500 to
about 580 mOsnLo/I%gh!iOOlA{géln a %Fﬁher experiment, 20 raM of an osmoprotectant,abet%me, was
added to the cell SURUFR b YSURE SR &P BURKSI B YeTaiflge s Ferstnnsdiamg Batlvarhasmolality and

high-mannose é8%épre Fprvfollowing table summarizes the results of one such experiment. Table |
Sample Hi-M  [00113]) In a particular embodiment, a recombinant glycoprotein produced using the

methods of the present invention is a human monoclonal antibody that binds [L.-15 or an
antigen-binding fragment thereof. To test the binding of IL-15 monoclonal antibodies to live
cells expressing IL-15, flow cytometry can be used. Briefly, cell lines and/or human PBMCs
expressing membrane-bound IL-15 (grown under standard growth conditions) are mixed
with various concentrations of monoclonal antibodies in PBS containing 0.1% BSA and
0.01% NaN3 at 4°C for 1 hour. After washing, the cells are reacted with Fluorescein-labeled
anti-human IgG antibody under the same conditions as the primary anttbody staining. The
samples can be analyzed by FACScan instrument using light and side scatter properties to
gate on sigle cells and binding of the labeled antibodies is determined. An alfernative assay
using fluorescence microscopy may be used (in addition to or instead of} the flow cytometry"
assay. Cells can be stained exactly as described above and examined by fluorescence
microscopy. This method allows visualization of individual cells, but may have diminished
sensitivity depending on the density of the antigen.

fO0114] Anti-IL-15 human IgGs can be further tested for reactivity with the IL-15
antigen by Western blotting. Briefly, cell extracts from host-cells expressing IL-15 can be
prepared and subjected to sodium dodecyl sulfate polyacrylamide gel electrophoresis. After
electrophoresis, the separated antigens will be transferred to nitrocellulose membranes,
blocked with 20% mouse serum, and probed with the monoclonal antibodies to be tested.
Human IgG binding can be detected using anti-human IgG alkaline phosphatase and
developed with BCIP/NBT substrate tablets (Sigma Chem. Co., St. Louis, MO).

V. Pharmaceuntical Compositions

[00115] In another aspect, the present invention provides a composition, e.g., a
pharmaceutical composition, containing one or a combination of recombinant glycoproteins
having low-mannose content. In a particular embodiment, the pharmaceutical composition
includes at least one therapeutic protein having low-mannose content such as, for example, a

therapeutic antibody or an antigen-binding fragment thereof having low-mannoss content



36C, culture medium 19 36C, culture medium + Betaine 14 37C, culture medium 18 37C, culture
medium + Betaine 13 [00148]Yet further evidence for the correlation between high-mannose content
and osmolality is depicted in Figure 2. Addition of about 20 mM betaine to cell culture medium
dramatically reduced high-mannose content of the exemplary recombinant glycoprotein. For example,
when the osmolality was about 300 mOsm/Kg, the high mannose content reduced from about 9.5% at
about 0 mM betaine to about 4.5% upon the addition of 20 mM betaine (i.e., about a 5% reduction in
laigh-mannose content). Similarly, when the osmolality was about 400 rnOsm/Kg, the high mannose
content reduced from about 16.5% at about 0 mM -39 - bctaine to about 7.5% upon the addition of 20
mM betaine (i.e., about a 9% reduction in high-mannose content). Further, at osmolality of about 500
mOsm/Kg, the high mannose content reduced from abqut 25% at about 0 mM betaine to about 9.5%
upon the addition of about 20 mM betaine (i.e., about 15:5% reduction in high-mannose content).

Example 2: Copcentratian-ahésbdnibr.subine sanhacaniroledtanmadulaiepanaasa:content of
recombinant gl}:{g&?gg‘gj[eﬂ? isino’ther particular embodiment, a pharmaceutical composition of the present
invention includes one or more recombinant glycoproteins having low mannose content,
formulated topether with a pharmnaceutically acceptable carrier.

[001186] Pharmaceutical compositions of the invention also can be administered in
combination therapy, i.e., combined with other agents. For example, the combination
therapy can inchade a composition of the present imvention with at least one or more
additional therapeutic agents, such as anti-inflammatory agents, DMARDs {disease-
modifying anti-rheumatic drugs), immunosuppressive agents, chemotherapeutics, and
psoriasis agents. The pharmaceutical compositions of the invention can also be administered
in conjunction with radiation therapy. Co-administration with other antibodies, such as CD4
specific antibodies and IL-2 specific antibodies, are also encompassed by the invention.
Such combinations with CD4 specific antibodies or IL-2 specific antibodies are considered
particularly useful for treating autoimmune diseases and transplant rejections.

[00117] As nged herein, “pharmaceutically accepiable camier” includes any and all
solvents, dispersion media, coatings, antibacterial and antifingal agents, isotonic and
absorption delaying agents, and the like that are physiologically compatible. Preferably, the
carrier is suitable for intravenous, inframuscular, subcutaneous, parenteral, spinal or
epidermal administration {e.g., by injection or infusion). Depending on the route of
administration, the recombinent glycoprotein, e.g., an antibody, bispecific and multispecific
molecule, may be coated in a material to protect the compound from the action of acids and
other natural conditions that may inactivate the compound.

[00118] A “pharmaceutically acceptable salt” refers to a salt that retains the desired
binlogical activity of the parent compound and does not impart any undesired toxicological
effects (see e.g., Berge, S.M,, ef al., J. Pharm. Sci. 66:1-19 (1977)). Examples of such salts
inchade acid addition salts and base addition salts. Acid addition salts inchade those derived
from nontoxic inorganic acids, such as hydrochloric, nitrie, phosphoric, sulfuric,
hydrobromic, hydroiodic, phosphorous and the like, as well as from nontoxic organic acids
such as aliphatic mono- and dicarboxylic acids, phenyl-substituted alkanoic acids, hydroxy
alkanoic acids, aromatic acids, aliphatic and aromatic sulfonic acids and the like. Base
addition salts include those derived from alkaline earth metals, such as sodium, potassium,

magnesium, calcium and the like, as well as from nontoxic organic amines, such as N,N'-



[00 1 49]In a further experiment, the concentration of one or more salts in the cell culture medium was
controlled to modulate (e g, reduce) the marmose-content (e.g., highmannose content) of the
exemplary recombinant glycoprotein. In an exemplary experiment, the concentration of K+ in the cell
culture medium was controlled and shown to affect mannose-content and specifically, the
high-mannose content of the exemplary recombinant glycoprotein. Specifically, high-mannose content
(i.e., M5 species or greater) of the exemplary recombinant glycoprotein produced by culturing a
host-cell expressing the glycoprotein at either 15 mM or 45 mM was examined. [00150]As shown in
Figures 3 and 4, the percentage of high-mannose content increased from about 3% to about 13% with
the concomitant increase in osmolality. An osmolality of between about 370 and about 500 mOsm/Kg
led to an increase in highmannose content that exceeded 10% of the glycoprotein composition.
[00151]In a further experiment, it was demonstrated, as*hown in Figure 5, that optimum concentration

range for K+ concentration in the cell cultu edium is about 0 mM to abhout 70mM in Qrder to keep
R s i %tfﬂgf?yé%%%eﬁ#%@}&ﬁli%%?’é%?ﬁp|e 3;

the percentage 0 ?ug‘ﬁ-r_ngnnose cqritenlflg recombiria
Concentration GfNERaHImEBaIrRLsiRe-enhadilike-can be controlled to modulate mannose-content of
recombinant glyeopreteins [G0dba}taiadehae expesimeshithtceopeeatatian:ef Natwas,cantrolled to

modulate (e.9.[adbea)Righmannase,conient Qgp@éi_&ésﬂipmmﬁ@%@%g %%%9&%% In an

exemplary experiment, an increase in Na+ concentration in the cell culture medium was shown to

contribute to arfrfﬁgFé’gﬂnfﬁ“fﬁiéaB%‘Fé"é%g&ré’ PRA g HeATRA SEE RO RN o T B S ERE PRITRSP FER ombinant
glycoprotein. [06158] Figeaedrdimansteates tlrthedpintompoond epiiadiorpidnge fersNarais: between

about 0 mM andeabent2RAMMiR-AIRaLID keeRHie-RaIsantags el thehighsmannose content below
10%. - 40 - Example 4. Amin%Aq'&gs c%nst[iplysteg% dhé%hac{% nnose con&%itrt of recombinant S%Ia/eoproteins

ncapsulated de :
[00154]In another experf)ment, tﬁe efféct’of amino acrds E)réﬁ'éehotcﬁlmg%e ec%‘f%ﬁrr%em canben

such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen, polyorthoesters,
and polylactic acid. Many methods for the preparation of such formulations are patented or
generally known to those skilled in the art. See, e.g., Susiained and Controlled Release
Drug Delivery Sysiems, J.R. Robinson, ed., Marcel Dekker, Inc., New York, 1978.

[00120] To administer a compound of the invention by certain routes of
administration, it may be necessary to coat the compound with, or co-administer the
compound with, a material to prevent its inactivation, For example, the compound may be
administered to a subject in an appropriate carrier, for example, liposomes, or a diluent.
Pharmaceutically acceptable dilvents include saline and aqueous buffer solutions,
Liposomes include water-in-oil-in-water CGF emulsions as well as conventional liposomes
(Strejan et al., J. Neuroimmunol. 7:27 (1984)).

{00121] Pharmaceutically acceptable carriers include sterile aqueous solutions or
dispersions and sterile powders for the extemporaneous preparation of sterile injectable
solutions or dispersion. The use of such media and agents for phammaceutically active
substances is known in the art. Except insofar as any conventional media or agent is
incompatible with the active compound, use thereof in the pharmaceutical compositions of
the invention is contemplated. Supplementary active compounds can also be incorporated
into the compositions.

[00122] Therapeutic compositions typically must be sterile and stable under the
conditions of manufacture and storage. The composition can be formulated as 2 solution,
microemulsion, liposome, or other ordered structure suitable to high drug concentration.
The carrier can be a solvent or dispersion medium containing, for example, water, ethanol,
polyol (for example, glycerol, propylene glycol, and liquid polyethylene glycol, and the
like), and suitable mixtures thereof. The proper fluidity can be maintained, for example, by

the use of a coating such as lecithin, by the maintenance of the required particle size in the



medium was examined on the high-mannose content of the exemplary recombinant glycoptotein. As
shown in Figure 7, the percentage of high-mannose content of a recombinant glycoprotein increases
from about 4% to about 10% by doubling the concentration of 20 amino acids in the feed medium. This
experiment demonstrated that a medium enriched for amino-acids results in an increase in the content
of high-mannose glycoproteins expressed by a host-cell cultured in such medium. Example 5: Overall
composition of the feed medium composition can contribute to high-mannose content of recombinant
glyeoproteins [00155]In this experiment, the effect of different types of feed media was examined on
the high-mannose content of an exemplary recombinant glycoprotein. Specifically, the effect of a
modified feed medium substantially-free of the amino acids L-Alanine, LArginine HCL, L-Aspartic Acid
and L-Olutamic Acid, and also having a lower concentration of CaCl, MgClI, KCI and sodium pyruvate
relative to unmodified medium was investigated on the Afgh-mannose content of the exemplary

recombinant glygonlelein, A5 AStIeRIN EIGLE Roihe.BNIANQse FQnient was ahoyl 4% when he
0

modified feed medium was Used and this percentage increased to about en the unmodified

feed medium WA EX AR 6 TE LT BIRSHRTE AIHE P Al PR SRttt i00a56 1 The effect
of four differensidimperisituiésiomhighamaitioos @ cintgnt avesekamiitbdivsingtwodiffetentfeed media.

The following datadpoiahie: hipdiestesihaldne. wasReiRereasein die aslceniagshhigh-rannose

content with ane;pa%[tg%,sgl (Ijr;ll ggtr;}nagggasg {Seéngaggheﬁg Sample Name 36 C 35 C 34 C Conc.
[00123] Sterile injectable solutions can be prepared by incorporating the active
compound in the required amount in an appropriate solvent with one or a combination of
ingredients enumerated above, as required, foliowed by sterilization microfiliration.
Generally, dispersions are prepared by incorporating the zctive compound into a sterile
vehicle that contains a basic dispersion medium and the required other ingredients from
those enumerated ahove. Inthe case of stenle powders for the preparation of sterile
injectable sclhutions, the preferred methods of preparation are vacuum drying and freeze-
drying (lyophilization) that yvield a powder of the active ingredient plus any additicnal
desired ingredient from a previously sterile-filtered solution thereof.
[00124] Dosage regimens are adjusted 10 provide the optimum desired response (e.g.,
a therapeutic response). For example, a single bolus may be administered, several divided
doses may be administered over time or the dose may be proportionally reduced or increased
as indicated by the exigencies of the therapeutic situation. For example, the human
antibodies of the invention may be administered once or twice weekly by subcutaneous
injection or once or twice monthly by subcutansous injection.

It is especially advantageous to formulate parenteral compositions in dosage unit form for
ease of administration and wniformity of dosage. Dosage unit form as used herein refers o
physically discrete units suited as unitary dosages for the subjects to be treated; each unit
containg a predetermined quahtity of active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. The specification
for the dosage unit forms of the invention are dictated by and directly dependent an (a) the
unique characteristics of the active compound and the particular therapeutic effect to be
achieved, and (b} the limitations inherent in the art of compounding such an active
compound for the treatrnent of sensitivify in individuals.

[00125] Examples of pharmaceutically-acceptable antioxidants include: (1) water
soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfiie, sodium sulfite and the like; (2) oil-soluble antioxidants, such as ascorbyl
paimitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin,
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propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating agents, such as citric
acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and
the like.

[00126] For the therapeutic compositions, formulations of the present invention
include those suitable for oral, nasal, topical {(including buccal and sublingual), rectal,
vaginal and/or parenteral administration. The formulations may conveniently be presented
in unit dosage form and may be prepared by any methods known in the art of pharmacy.
The amount of active ingredient which can be combined with a carrier material to produce a
single dosage form will vary depending upon the subject being treated, and the particular
mode of adminisiration. The amount of active ingredient which can be combined with a
carrier material to produce a single dosage form will generally be that amount of the
composition which produces a therapeutic effect. Generally, out of one hundred per cent,
this amount will range from about 0.001 per cent to about ninety percent of active ingredient,
preferably from about 0.005 per cent to about 70 per cent, most preferably from about 0.01
per cent to about 30 per cent.

foo127] Formulations of the present invention which are suitable for vaginal
edministration also include pessaries, tampons, creams, gels, pastes, foams or spray
formulations containing such carriers as are known in the art to be appropriate. Dosage
forms for the topical or transdermal administration of compositions of this invention include
powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches and inhalants,
The active compound may be mixed under sterile conditions with a pharmaceutically
acceptable carrier, and with any preservatives, buffers, or propeliants which may be required.
[O0128] The phrases “parenteral adminisiration™ and “administered parenterally” as
used herein means modes of administration other than enteral and topical administration,
usually by injection, and includes, without limitation, intravenous, intramuscular,
intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,
transtracheal, subcutaneous, subecuticular, intraarticular, subcapsular, subarachnoid,
mtraspinal, epidural and intrasternal injection and infusion.

[001297 Examples of suitable aqueous and nonaqueous carriers which may be
employed in the pharmaceutical compositions of the invention include water, ethanol,
polyols (such as glycerol, propylene glycol, polyethylene glycol, and the like), and suitable
mixtures thereof, vegetable vils, such as clive oil, and injectable organic esters, such as ethyl

oleate. Proper fluidity can be maintained, for example, by the use of coating materials, such



3.117 2.8 22 feed medium 2 2.0 13 2.1 13 2.1 14 -41 - [00157]The specification is most thoroughly
understood in light of the teachings of the references cited within the specificatio_n Which are hereby
incorporated by reference. The embodiments within the specification provide an illustration of
embodiments in this disclosure and should not be construed to limit its scope. The skilled artisan -
readily recognizes that many other embodiments are encompassed by this disclosure. All _publ_lcatlons
and patents cited and sequences identified by accession or database reference n_urr_lbers in this
disclosure are incorporated by reference in their entirety. To the extent the material incorporated by
reference contradicts or is inconsistent with the present specification, the present specification will
supercede any such material. The citation of any references herein is not an admission that such

references are prior art to the present disclosure. 9

as lecithin, by the maintenance of the required particle size in the case of dispersions, and by
the use of surfactants.

[00130] These compositions may also contain adjuvanis such as Iﬁreservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of presence of microorganisms
may be ensured both by sierilization procedures, supra, and by the inclusion of varions
antibacterial and antifungal agents, for example, paraben, chiorobutanol, phenol sorbic acid,
and the like. It may also be desirable to include isotonic agents, such as sugars, sodium
chloride, and the like into the compositions. In addition, prolonged absorption of the
injectable pharmaceutical form may be brought about by the inclusion of agents which delay
absorption such as aluminum monostearate and gelatin,

[00131] Whern the compounds of the present invention are administerad ag
pharmaceuticals, to humans and animals, they can be given alone or as a phammaceutical
composition containing, for example, 0.001 to 90% (more preferably, 0.005 to 70%, such as
0.01 to 30%) of active ingredient in combination with a pharmaceutically acceptable carrier.
[00132] Regardless of the route of administration selected, the compounds of the ‘
present invention, which may be used in a suitable hydrated form, and/or the pharmaceutcal
compositions of the present invention, are formulated into pharmacentically acceptable
dosage forms by conventional methods known to those of skili in the art.

[00133] Actual dosage levels of the active ingredients in the pharmaceutical
compositions of the present invention may be varied so as to obtain an amount of the active
ingredient which is effective to achieve the desired therapeutic response for a particular
patient, composition, and mode of administration, without being toxic to the patient. The
selected dosage level will depend upon a variety of pharmacokinetic factors including the
activity of the particular compositions of the present invention employed, or the ester, salt or
amide thercof, the route of administration, the time of administration, the rate of excretion of
the particular compound being employed, the duration of the treatment, other drugs,
compounds and/or materials used in combination with the particular compositions emploved,
the age, sex, weight, condition, general health and prior medical history of the patient being
treated, and like factors well known in the medical arts. A physician or veterinarian having
ordinary skill in the art can readily detennine and prescribe the effective amount of the
pharmaceutical composition required. For exampie, the physician or veterinerian could start
doses of the compounds of the invention employed in the pharmaceutical composition at

levels lower than that required in order to achieve the desired therapeutic effect and



[00158]Unless otherwise indicated, all numbers expressing quantities of ingredients, cell culture,
treatment conditions, and so forth used in the specification, including claims, are to be understood as
being modified in all instances by the term "about." Accordingly, unless otherwise indicated to the
contrary, the numerical parameters are approximations and may very depending upon the desired
properties sought to be obtained by the present invention. Unless otherwise indicated, the term "at
least" preceding a series of elements is to be understood to refer to every element in the series. Those
skilled in the art will recognize, or be able to ascertain using no more than routine experimentation,
many equivalents to the specific embodiments of the invention described herein. Such equivalents are
intended to be encompassed by the following claims. - 42 - Claims What is claimed is* I.A method of
producing a composition of recombinant glycoprotein having low-marmose content comprising
culturing a host-cell which expresses the recombinant ghgoprotein in a culture medium having an
osmolality of about 600 mOsm/Kg or less. 2. A method of producing a composition of

recombinant anfB8MR P E SA TR IREIRY g fserdrErebl tbitnedlow-sramrlosewhtedeily
comprising cultdfisrpidestesitinbiditieipresses thie retambinant entibeshRuantigenrhinging fragment
thereof in a cultisiecsedis B:0aag BRI AR EOSMOSIVEG QLI8SS: ity .3 Agnethod of
producing a corgfgggionog%%cpﬁgp nt hgég monoclonal antibody,or antigen-bindiﬁg ?rag}l’nent
thereof, that bind IL-15, comprising cufﬁﬁrlngaaoﬁ%sgc’:%ﬂrﬁ;ﬁfﬁ?ﬁi%@%@??ﬁ@o&h%%"é?w&
antigen-binding ¥srHErH sharaepertancaltarsyprtionyhapintsabl padnoiality of mboiniH00Me@sm/Kg or
less, wherein thef eetibedy 6f antigtnkiegingJiagmentihareofcqmpisenadiaichainyariable region
comprising the aHIRRARH SFAUETEESEADH NSEQ IDNO:4, O canseryative amig acid
substitutions thereof; and.a heavy chain variable region comprising the amino acid sequénce set forth
in SEQ ID NO:3PBPRERSSRETGE Bhine aridhe dpstrationiimarastt dosasa fame-n¥8tilsdtas any of claims
1 to 3, wherein RR&EI§oN &l rgrefcind ot gmsediinveisibetwbe adabinisi-Ro0 A, ahopiBQauBRsM/Kg.

5. The method efninirdnubatpiusaeospalalityaf the-suliuranediym.ispeween about 250 and
about 500 MOsRYKg: 6 he method of claim 4, hgcrlein the o%s)molality of the culture medium is

between about 250 and about 380 MOSIKG. - 1+ The mathetr or M deite i thdculture
medium compri€8& $9% SRRlsd T RhEGrenpodanesin i orpticsiameattncofibentraticnrof about
70 mM or less, wodiundatésconteit atieadddleh tyb 200mMgiclessdane combipations thereof.

S.The method efselaiga # Wieraladhecs UYEe, TRadUHB:COMPiSes A $allues 413, 4,041 g20,
4,790,824, or 4,596,556. Examples of weil-known implants and modules usefirl in the
present invention include: U.S. Patent No. 4,487,603, which discloses an implantable micro-
infusion pump for dispensing medication at a controlled rate; U.S. Patent No. 4.,486,194,
which discloses a therapentic device for administering medicants through the skin;

U.S. Patent No. 4,447,233, which discloses a medication infusion pump for delivering
medication at a precise infusion rate; U.S. Patent No. 4,447,224, which discloses a variable
flow implantable infusion apparatus for continuous drug delivery, U.S. Patent

No. 4,439,196, which discloses an osmotic drug delivery systemn having multi-chamber
compartments; and U.S. Patent No. 4,475,196, which disclosss an osmotic drug delivery
system. Many other such implants, delivery systems, and modules are known to those
skilled in the art.

[00135] In certain embodiments, the therapeuric glycoproteins of the present invention
can be formulated to ensure proper distribution in vive. For example, the bload-brain barrier
(BBB) excludes many highly hydrophilic compounds. To ensure that the therapeutic
compounds of the invention cross the BBB (if desired), they can be formulated, for example,
in liposomes. For methods of manufacturing liposomes, see, 2.g., U.S. Patents 4,522,811,
5,374,548; and 5,399,331, The liposomes may comprise one or more moieties which are
selectively transported into specific cells or organs, thus enhance targeted drug delivery (see,

e.g., V.V. Ranade J. Clin. Pharmacol. 29:685 (1989). Exemplary targeting moieties include



selected from the group consisting of (a)potassium at a concentration of about 10 mM to about 50 mM;
sodium at a concentration of about 50 mM to about 100 mM; and - 43 - (9)combinations of (a) and (b)
9. The method of claims 1 to 3, wherein the culture medium is substantially free of one or more amino
acids selected from the grotip consisting of alanine, arginine, aspartic acid and glutamic acid. 10.
The method of claims 1 to 3, wherein the culture medium comprises one or more vitamins selected
from the group consisting of biotin, D-calcium pantothenate, oholine chloride, folic acid,_i-inositol,
niacinaminde, pyridoxal HO, pyridoxine HO, riboflavin, thiamine HO and cyanocobalamin, at a _
concentration of about 0.00005 g/L to about 0.9 g/L. 11. The method of claims | to 3, wherein the
culture medium comprises glucose at a concentration of about 1 mM to about 90 mIvf. 12. The
method of claims 1 to 3, wherein the culture medium comprises one or more peptones selected from
the group consisting of yeast extract, yeast hydrolysaté,3 Oy peptone, soy hydrolysate, wheat peptone

and wheat hydrglsaeyh SRCERURIEN GLAOU 008 Sl 9.A0U 00k 13; The method of

claims 1 to 3, Wher?in the culture médium con%lses at least one 0Smo-pro In"an amount

necessary to mAIRTARTEBEHI oIS aFEBGul BHLPRIESTAR, f Redies (P G EAOFRE Pfeth & BF claim 13,
wherein the osrhetpidldctanti8Seldced-firomihdrgroam tofsisting efbetairte; plycivesiy:threonine,

L-proline, and deraives-dererkcceptdtmtRgmatod Al £laigy 3. whetsin e gemerpiolectant is
betaine at a cogcentratliowa%kant})gut 1 mM t% QQ,OUL}QO M 16, The method of claim 15, wherein

VI
) SCIESs, COINpLis, 5 i ; ell as cormponents of
the betaine is pr%s_ent At A concentanBafom SBour SN TS SEEHoRE AN rmponeats o
the invented molecules; p120 (Schreier ef al. J. Biol Chem. 269:9090 {1994)); see also K.

Keinanen; M.L. Laukkanen FEBS Lett. 346:123 (1 994y; J.J. Killion; LY. Fidler
Immunomethods 4:273 (1994). In one embodiment of the invention, the therapeutic
compounds of the present invention are formulated in liposomes; in a more preferred
embodiment, the liposomes include a targeting moiety. In 2 most prcfe;rred embodiment, the
therapeutic compounds in the liposomes are delivered by bolus injection to a site proximal to
the tumor or infection. The composition must be fluid to the extent that easy syringability
exists. It must be stable under the conditions of manufacture and storage and must be
preserved against the contaminating action of microorganisms such as bacteria and fungi.
[C0136] In a further embodiment, a recombinant glycoprotein of the present invention
can be formulated to prevent or reduce the transport across the placenta. This can be done by
methods known in the art, e.g., by PEGylation of the antibody or by use of Flab)2'
fragments. Further references can be made to “Cunningham-Rundles C, Zhuo Z, Griffith B,
Keenan I. (1992) Biological activities of polyethylene-glycel immunoglobulin conjugates.”
Resistance to enzymatic degradation. J Immunol Methods. 152:177-190: and to Landor M.
(1995) Maternal-fetal transfer of immunoglobulins, Ann Allergy Asthma Immunol 74:270-
283. This is particularly relevant when the glycoprotein is an antibody used for treating or
preventing recurrent spontaneous abortion.

[00137] A “therapeutically effective dosage” for rheumatoid arthritis preferably will
result in an ACR20 Preliminary Definition of Improvement in the patients, more preferred in
an ACR30 Preliminary Definition of Improvement and even more preferred in an ARCD70
Preliminary Definition of Improvement,

[00138] ACR20 Preliminary Definition of Improvement is defined as:

z 20% improvement in: Tender Joint Count (TCI) and Swollen Joint Count (SWhH

and > 20% improvemnent in 3 of following 5 assessments: Patient Pain Assessment {(VAS),
Patient Global assessment (VAS), Physician Global Assessment {VAS), Patent Self-
Assessed Disability (HAQ), Acute Phase Reactant (CRP or ESR).



17The method of any of claims Ito 3, wherein the host-cell is cultured for a period of about 5 to about
14 days. 18. The method of any of claims 1 to 3, wherein the host-cell is cultured at a temperature
of about 31C to about 38C. 19. The method of any of claims 1 to 3, wherein the host cell is a
mammalian cell. 20. The method of claim 19, wherein the mammalian host cell is a CHO cell. - 44
- 21. A composition of recombinant glycoprotein produced by the method of claim 1. 22. A
composition of recombinant antibody or antigen-binding fragment thereof produced by the method of
claim 2. 23. A composition of human monoclonal antibody or an antigen-binding fragment thereof
that binds IL-15, produced by the method of claim 3. 24. A composition comprising an isolated
antibody or an antigen-binding fragment thereof having low-mannose content.

_37.

{00139] ACRS0 and ACR70 are defined in the same way with > 50% and > 70%
improvements, respectively. For further details see Felson ef al. in American College of
Rheurnatology Freliminary Definition of Improvement in Rheumatoid Arthritis; Arthritis
Rheumatism 38: 727-735 (1995).

[00140] The ability of a compound to inhibit cancer can be evaluated in an animal
model system predictive of efficacy in human tamors. Alternatively, this property of a
composition can be evaluated by examining the ability of the compound to inhibit, such
inhibition in vitro by assays known to the skilled practitioner. A therapeutically effective
armount of a therapeutic compound can decrease tumor size, or otherwise ameliorate
symptoms in a subject. One of ordinary skill in the art would be able to determine sach
amounts based on such factors as the subject's size, the severity of the subject’s symptoms,
and the particular composition or route of administration selected.

[00141] The ability of the antibodies to treat or preverit psoriasis can also be evaluated
according to methods well known in the art,

[00142] The composition must be sterile and fluid to the extent that the composition is
deliverable by syringe. In addition to water, the carrier can be an isotonic buffered saline
solution, ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyetheylene
glycol, and the like), and suitable mixtures thereof. Proper fluidity can he maintained, for
example, by use of coating such as lecithin, by maintenance of required particle size in the
case of dispersion and by use of surfactants. In many cases, it is preferable to include
isotonic agents, for examnple, sugars, polyalcohols such as mannitol or sorbitol, and sodium
chloride in the composition. Long-term absorption of the injectable compositions can be
brought about by including in the composition an agent which delays absorption, for
example, aluminum monostearate or gelatin,

[00143] When the active compound is suitably protected, as deseribed above, the
compound may be orally administered, for example, with an inert diluent or an assirnilable
edible carrier,

[00144] Other embodiments of the present invention are deseribed in the following
Exarnples, which should not be construed as further limiting. The contents of Sequence
Listing, figures and all references, patents and published patent applications cited throughout

this application are expressly incorporated hersin by reference.

EXAMPLES



25. A composition comprising an isolated human monoclonal antibody that binds IL-15, or an
antigen-binding fragment thereof, having low-mannose content. 26. A composition of a human
monoclonal antibody having low-mannose content, said antibody comprising a light chain variable
region comprising the amino acid sequence set forth in SEQ ID 1\10:4, or an amino acid sequence of
at least 90% or at least 95% identity thereto, or conservative amino acid substitutions thereof, and a
heavy chain variable region comprising the amino acid sequence set forth in SEQ ID NO:2, or an
amino acid sequence of at least 90% or at least 95% identity thereto, or conservative amino acid
substitutions thereof. 27. A composition of a human monoclonal antibody having low-mannose
content, said antibody comprising a light chain variable region comprising one or more CDRs
comprising amino acid sequences set forth in SEQ ID NOs:8-10, or an amino acid sequence of at least
90% or at least 95% identity thereto, or conservative amio acid substitutions thereof; and a heavy
chain variable r iﬂ{} compr'&gigﬁjt ne or more CDRs comprisig amino acid sequences set forth in
SEQ ID NOs:57, 6Fan amind acid sequence SPAT s Goos G4t renet ssosstratinthedet=or
conservative afiitfts HeitPstitiraatishs drdpeatiable regign Teretsinp dsitiorirof sidinve8néarttier
comprising a patmaceEtiaally @ecedable 6AHIGH varisble refidnethodiohlealingmor praventinga
disorder that is | [th: ression of human IL-15 and/or in which a dowry-egulation or
inhibition of hur%gﬁ%ﬁé%%?%ﬂggjggf e@ﬁ?&“ﬁae%fﬁﬁg{%gg%ﬁg r?glf'ra?'dr r%ci%%kt)énr?ﬁgg]gcaopsr{%]'é%t an
isolated antibod§7STERREN B THETRETHE BT ERSRRIEY Hepmbinansgl yimaisitio dIBFENN9, wherein
said disorder issalctedifrarie te gff oulireonsistingief aviabautiitis; psosiasisiemuifiple sclerosis,
rheumatoid artheitisainfiammatorybawsl disgase.alosaftreigetinn.graft versus host disease, T-cell
lymphoma, and T-cell leukemia. 31. The method of claim 30, wherein said disorder is an

inflammatory bowel disease.
Example I1: Osmeolality affects mannese-content of recombinani glycoproteins

‘ [001'46] In order to investigate the affect of osmolality on mannose-content of
glycoproteins, mannose-content of an exemplary recombinant glycoprotein was analyzed at
varying osmolalities in both shaker flask and bioreactor cultures. As demonstrated in Figure
1, high-mannose content increased from about 14% to about 24% with the increase of
medium osmolality from about 500 to about 580 mOsmo/Kg.

[00147] In a further experiment, 20 mM of an osmoprotectant, betaine, was added to
the cell culture to provide further evidence regarding the relationship between esmolality and

high-mannose content. The following table summarizes the resuits of one such experiment.

Table I
Sample % Hi-M
36°C, culture medium 19
36°C, culture medium + Betaine t4
37°C, culture medium 18
37°C, culture medium + Betaine 13
[00148] Yet further evidence for the correlation between high-mannose content and

osmolality is depicted in Figure 2. Addition of about 20 mM betaine to cell culture medium
dramatically reduced high-mannose content of the exemplary recombinant glycoprotein. For
example, when the osmolality was about 300 mOsm/Kg, the high mannose content reduced
from about 8.5% at about 0 mM betaine to about 4.5% upon the addition of 20 mM betaine
(£.e., about a 5% reduction in high-mannose content). Similarly, when the osmolality was

about 400 mOsm/Kg, the high mannose content reduced from about 16.5% at about § mM



32. The method of claim 31, wherein said inflammatory bowel disease is Crohn's disease or celiac
disease. 33. The method of claim 29, wherein the disorder is selected from the group consisting
of arthritides, connective tissue disorders, ophthalmological disorders, neurological disorders,
gastrointestinal and hepatic disorders, allergic disorders, hematologic disorders, skin disorders,
pulmonary disorders, malignancies, transplantation-derived disorders, endocrinologic disorders,
vascular disorders, gynecological disorders and infectious diseases. 34. A composition of claim
26 or 27, wherein no more than about 10% of the antibodies in aid composition comprises M5 or
larger. 35. A composition of claim 26 or 27, wherein no more than about 5% of the antibodies in
said composition comprises M5 or larger. 36. A composition of claims 26 or 27, wherein about 4%
of antibodies in said composition comprises M5 or greater. 37. A method of detecting and/or
guantitating the high-mannose content of a glycoproterh?'r‘h a sample, said method comprising

subjecting said sample (a6 9ndpaiveaniiase docstion ploeg ;Vese@ara“b‘%,th%xd'gested

glycoproteins by.electrophoresis. he met laim Whereln%he en yCOS|dase

comprises EndSty 68%‘?83%%"?[’%9 tﬁgrﬁ’lﬂegrt%'i’?’i%lﬁﬁﬁﬁ&%‘f 3?%?*@??@#&03&@3‘16%@033 39. The
method of claing@Tenitrdreis thereioniolifioresb ourfiprigdsdendatusingtcagitlaps elbetropticnesis.

40. The methoditelairmBirbnes ein. prietiesheseparaling sisntbe.digesigd.aample is reduced using
a reducing agept Al T < methtod of clqu‘g{40 threln thereducmg ag ent ‘._o rleses 3-
mercaptoethanolX 5,% - : - 4. Lo modulate

[00149] In a further experiment, the concentration of one or more salts in the cell

culture medium was controlled to modulate (e.g., reduce) the mannose-content (e.g., high-
mannose content) of the exemplary recombinant glycoprotein. In an exemplary experiment,
the concentration of K+ in the cell culture medium was controiled and shown to affect
mannose-content and specifically, the high-mannose content of the exemplary recombinant
glycoprotein. Specifically, high-mannose content (i.e., M5 species or greater) of the
exemplary recombinant glycoprotein produced by culturing a host-cell expressing the
glycoprotein at either 15 mM or 45 mM was examined.

[00150] As shown in Figures 3 and 4, the percentage of high-mannose content
increased from about 3% to about 13% with the concomitant increase in osmolality. An
osmotality of between about 370 and about 500 mOsn/Kg led to an increase in high-
mannose content that exceeded 10% of the glycoprotein composition.

[00151] In a further experiment, it was demonstrated, as shown in Figure 5, that
optirmum concentration range for K-+ concentration in the cell culture medium is about 0 mM
to about 70mM in order o keep the percentage of high-mannose eontent of a recombinant

glycoprotein below 10%,

Example 3: Concentration of Na+ in the cell calture medinm can be controlled to
modulate mannose-content of recombinant glyeoproteins

[Q0152] In a further experiment, the concentration of Na+ was controlled to modulate
(e.2., reduce) high-mannose content of the exemplary recombinant glycoprotein. In an
exemplary experiment, an increase in Na+ concentration in the cell culture ruedivm was
shown to contribute to an increase in the percentage of the high-mannose content of the
exemplary recombinant glycoprotein.

[00153] Figure 6 demonstrates that the optimum concentration range for Nat is
between about 0 mM and about 200mM in order to keep the percentage of the high-mannose

content below 10%.



A-1059-PCT.ST25.txt SEQUENCE LISTING <110> Amgen Inc. <120> Methods for Modulating
mannose Content of Recombinant Proteins <130> A-1059-WD-PCT <140> Not Yet Assigned <141>
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¥xample 4:  Amino Acids contribute to high-mannose content of recombinani
slycoproteins

[00154] In another experiment, the effect of amino acids present in a cell culture
medium was examined on the high-mannose content of the exemplary recombinant
glycoprotein, As shown in Figure 7, the percentage of high-mannose content of a
recombinant glycoprotein increases from about 4% to about 10% by doubling the
concentration of 20 amino acids in the feed mediom. This experiment demonstrated that a
medium enriched for amino-acids results in an increase in the content of high-mannose

glycoproteins expressed by a host-cell cultured in such medium.

Example 3:  Overall composition of the feed medium composition can contribute to
hich-mannose confent of recombinant elyveoproteins

[00155] In this experiment, the effect of different types of feed media was examined
on the high-mannose content of an exemplary recombinant glycoprotein. Specifically, the
effect of a modified feed medium substantiaily-free of the amino acids L-Alanine, L-
Arginine HCL, L-Aspariic Acid and L-Glutamic Acid, and also having a lower
concentration of CaCl, MgCl, KC1 and sodium pyruvate relative to unmodified medivm was
investigated on the high-mannose content of the exemplary recombinant glycoprotein. As
depicted in Figure 8, the high-mannose content was about 4% when the modified feed
medium was used and this perceniage increased to about 13% when the unmodified feed

medium was used.

Example 6: Effect of temperature op bigh-marnnese content

[0G156] The effect of four different temperatures on high-mannose content was
exarnined using two different feed media. The following data in Table II indicates that there
was an increase in the percentage of high-mnannose content with an increase in temperature.

Table F1

36°C 35°C 34°C

Conc. | % Hi- | Conc. | % Hi- | Conc. | % Hi-
{g/l} Mian {g/l} Man (g/i) Man

Sample Mame

feed medium 1 3.2 14 31 17 2.8 22

feed medium 2 2.0 13 2.1 i3 2.1 14




<221> CDS <222> (1)..(390) <400> 1 gag gtg cag ctg gtg cag tct gga gca gag gtg aaa aag ccc ggg
gag48 Glu Val Gin Leu Val cm n ser Gly Ala Glu Val Lys Lys Pro Gly Glu 151015 tct ctg aag atc tcc tgt
aag gtt tct gga tac ttc ttt acc acc tac96 Ser Leu Lys lle Ser Cys Lys Val Ser Gly Tyr Phe Phe Thr Thr

Tyr 202530 tgg atc ggc tgg gtg cgc cag atg ccc ggg aaa ggc ctg gag tat atgl44 Trp lle Gly Trp Val Arg
Gin met Pro Gly Lys Gly Leu Glu Tyr met 354045 ggg atc atc tat cct ggt gac tct gat acc aga tac agc
ccg tec ttc192 Gly lle lle Tyr Pro Gly Asp Ser Asp Thr Arg Tyr Ser Pro Ser Phe 505560

o] -

[00157] The specification is most thoroughly understood in light of the teachings of
the references cited within the specification which are hereby incorporated by reference.

The embodiments within the specification provide an illustration of embodiments in this
disclosure and should not be construed to limit its scope. The skilled artisan readily
recognizes that many other embodiments are encompassed by this disclosure. All
publications and patents cited and sequences identified by accession or database reference
numbers in this disclosure are incorporated by reference in their entirety. To the extent the
material incorporated by reference contradicts or is inconsistent with the present
specification, the present specification will supercede any such material. The citation of any
references herein is not an admission that such references are prior art to the present
disclosure,

{060158] Unless otherwise indicated, all numbers expressing quantities of ingredients,
cell culture, treatment conditions, and so forth used in the specification, inclading claims, are
to be understood as being modified in all instances by the term “about.” Accordingly, unless
otherwise indicated to the contrary, the numerical parameters are approximations and may
very depending vpon the desired properties sought to be obtained by the present invention.
Unless otherwise indicated, the term “at least” preceding a series of elements is o be
understood to refer to every element in the series. Those skilled in the art will recognize, or
be able to ascertain using no more than routine experimentation, many equivalents to the
specific embodiments of the invention described herein. Such equivalents are intended to be

encompassed by the following claims,



caa ggc cag gtc acc atc tca gcc gac aag tcc atc age acc gec tac240 Gin Gly Gin Val Thr lle Ser Ala
Asp Lys Ser lle Ser Thr Ala Tyr 65707580 ctg cag tgg agc agc ctg aag gcc tcg gac acc gcc atg tat tac
tgt288 Leu Gin Trp Ser Ser Leu Lys Ala Ser Asp Thr Ala Met Tyr Tyr Cys 859095 gcg aga ggg ggt aac
tgg aac tgc ttt gac tac tgg ggc cag gga acc336 Ala Arg Gly Gly Asn Trp Asn Cys Phe Asp Tyr Trp Gly
Gin Gly Thr 100105110 ctg gtc acc gtc tcc tca gece tcc acc aag ggce cca tcg gtc ttc ccc384 Leu Val Thr
val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro 115120125 ctg gca390 Leu Ala 130

_ 47 .
Claims
What is claimed is:
1. A method of producing a composition of recombinant glycoprotein

having low-rnannose content comprising culturing a host-ceil which expresses the
recombinant glycoprotein in a culture medium having an osmolality of about 660
mOsm/Kg or less.

2. A method of producing a composition of recombinant antibody, or an
antigen-binding fragment thereof, having low-mannose content comprising culturing a
host-cell which expresses the recombinant antibody or antigen-binding fragment thereof
in a culture medium having an osmolality of about 600 mOsm/Kg or less.

3. A method of producing a composition ofrecombinant human monoclonal
antibody,or antigen-binding fragment thereof, that binds IL-15, comprising culturing a
host-cell which expresses the antibody or antigen-binding fragment thereof in a culture
mediurn having an osmolality of about 600 mOsm/Kg or less, wherein the antibody or
antigen-binding fragment thersof comprises a light chain variable region comprising the
amino acid sequence set forth in SEQ ID NO:4, or conservative amino acid substitutions
thereof, and a heavy chain variable region comprising the amino acid sequence set forth
in SEQ ID NO:2, or conservative amino acid substitutions thereof.

4, The method of any of claims 1 to 3, wherein the osmolality of the culture
medium is between about 250 and abowt 600 mOsm/Kg.

5. The methed of claim 4, wherein the csmolality of the culture medium is
between about 250 and about 500 mOsm/Kg.

6. The method of claim 4, wherein the osmolality of the eulture medium is
between about 250 and about 380 mOsm/IKg.

7. The method of ¢laims ! to 3, wherein the culture medium comprises a
salt selected from the group consisting of potassium at a concentration of about 70 mM
or less, sodimm at a concentration of about 200 mM or less, and combinations thereof.

8, The method of claim 7, wherein the culture medium comprises a salt
selected from the group consisting of

{a) potassium at a concentration of about 10 mM to about 50 mM;

{b) sodium at a concentration of about 50 mM to zbout 106 mM; and



A-1059-PCT.5T25.txt 210> 2 211> 130 <212> PRT <213> Homo sapiens <400> 2 Glu Val Gin Leu
Val Gin Ser Gly Ala Glu val Lys Lys Pro Gly Glu 151015 Ser Leu Lys lle Ser Cys Lys Val Ser Gly Tyr
Phe Phe Thr Thr Tyr 202530 Trp lle Gly Trp Val Arg Gin Met Pro Gly Lys Gly Leu Glu Tyr met 354045
Gly lle lle Tyr Pro Gly Asp Ser Asp Thr Arg Tyr Ser Pro ser Phe 505560 Gin Gly Gin Val Thr lle Ser
Ala Asp Lys Ser lle ser Thr Ala Tyr 65707580
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{c) combinations of (a} and (b).

9. The method of ciaims 1 to 3, wherein the culture medium is substantially
free of one or more amino acids selected from the group consisting of alanine, arginine,
aspartic acid and glutamic acid.

10. The method of claims 1 to 3, wherein the culture medium comprises one
or more vitamins selected from the group consisting of biotin, D-calcium pantothenate,
choline chloride, folic acid, i-inositol, niacinaminde, pyridoxal HC}, pyridoxine HCI,
riboflavin, thiamine HC) and cyanocobalamin, at a coneentration of about 0.00005 g/L
to about 0.9 g/L.

i1, The method of claimns 1 to 3, wherein the culture medium comprises
glucose at a concentration of about 1 mM to about 90 m»M.

12. The method of claims 1 to 3, wherein the culture medium comprises one
or more peptones selected from the group consisting of yeast extract, yeast hydrolysate,
soy peptone, soy hydrolysate, wheat peptone and wheat hvdrolysate, at a concentration
of about 0.5 g/L. to about 60 g/L. '

13, The method of claims I to 3, wherein the culture medium cormprises at
least one osmo-protectant in an amount necessary to maintain the osmolality at about
600 mOsnmvKg or less.

14. The method of claim 13, wherein the osmo-protectant is selected from
the group consisting of betaine, glycine, L-threonine, L-proline, and derivatives thereof,

15. The method of claim 13, wherein the osmo-protectant is hetaine at a
concentration of about 1 mM to about 100 mM,

16. The method of claim 15, wherein the betaine is present at 2 concentration
from about 20 mM to about 36 mM..

17 The method of any of claims 1 to 3, wherein the host-cell is cultured for a
period of aboui 5 te about 14 days,

18, The method of any of claims 1 to 3, wherein the host-cell is cultured at a
temperature of about 31°C to about 38°C.

19, The method of any of claims 1 to 3, wherein the host cell is a

marmmalian cell.
20. The method of claim 19, wherein the mammalian host cell is a CHO cell.



Leu Gin Trp Ser Ser Leu Lys Ala Ser Asp Thr Ala met Tyr Tyr Cys 859095 Ala Arg Gly Gly Asn Trp
Asn Cys Phe Asp Tyr Trp Gly Gin Gly Thr 100105110 Leu val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro
Ser Val Phe Pro 115120125 Leu Ala 130 <210> 3 <211> 357 <212> DNA <213> Homo sapiens
<220><221> CDS <222> (1)..(357) <400> 3 gaa att gtg ttg acg cag tct cca ggc acc ctg tct ttg tct cca

ggg48
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21. A composition: of recombinant glycoprotein produced by the method of
claim 1.

22, A composition of recombinant antibody or antigen-binding fragment
thereof produced by the method of claim 2.

23, A composition of human monoclonal antibody or an antigen-binding
fragment thereof that binds I1.-13, produced by the method of claim 3.

24, A composition comprising an isolated antibody or an antigen-binding
fragment thereof having low-mannose content.

25, A composition comprising an isclated human monoclonal antibody that
binds JL-15, or an antigen-binding fragment thereof, having low-mannose content.

26. A composition of a human monoclonal antibody having low-mannose
content, said antibody comprising a light chain variable region comprising the amino
acid sequence set forth in SEQ ID NO:4, or an amino acid sequence of at least 90% or at
least 95% identity thereto, or conservative amino acid substifations thereof, and a heavy
chain variable region comprising the amino acid sequence set forth in SEQ ID NO:2, or
an amino acid sequence of at least 90% or at least 95% identity thereto, or conservative
amino acid substitutions thereof.

27. A compasition of a hman monoclonal antibody having low-mannose
content, said antibody comprising a light chain variable region COMPIISINg ONS Or more
CDRs comprising amino acid sequences set forth in SEQ ID NQOs:8-10, or an amino acid
sequence of at least 90% or at least 95% identity thereto, or conservative amino acid
substitutions thereof, and a heavy chain variable regic;n cotnprising one or more CDRs
comprising amino acid sequences set forth in SEQ ID NOs:5-7, or an amino acid
sequence of at least 90% or at least 95% identity thereto, or conservative amino acid
substitutions thereof,

28. The composition of claim 25, further comprising a pharmaceutically
accepiable carrier.

A method of treating or preventing a disorder that is associated with
overexpression of human IL-15 and/or in which a downregulation or inhibition of
human I1-15 induced effects is beneficial, comprising administering to a subject an

isolated antibody produced by the method of claim 3.



Glu lle Val Leu Thr Gin ser Pro Gly Thr Leu Ser Leu Ser Pro Gly 151015 gaa aga gcc acc ctc tcc tgc
agg gcc agt cag agt gtt agc agc agc96 Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gin Ser Val Ser Ser
Sgr 202530 tac tta gcc tgg tac cag cag aaa cct ggc cag gct ccc agg cte ctcl144 Tyr Leu Ala Trp Tyr Gin
Gin Lys Pro Gly Gin Ala Pro Arg Leu Lett 354045 atc tat ggt gca tcc cgc agg gcc act ggc atc cca gac
agg ttc agt192 Page 2 A-1059-PCT.ST25.txt lle Tyr Gly Ala Ser Arg Arg Ala Thr Gly lle Pro Asp Arg
Phe Ser 505560 ggc agt ggg tct ggg aca gac ttc act ctc acc atc agc aga ctg gag240
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30.  The method of claim 29, wherein said disorder is selected from the group
consisting of: vasculiitis, psoriasis, multiple sclerosis, rheumatoid arthritis,
inflammatory bowel disease, allograft rejection, graft versus host disease, T-cell
lymphoma, and T-cell lenkemia.

31. The method of claim 30, wherein said disorder is an inflammatory bowel
disease.

- 32 The method of claim 31, wherein said inflammatory bowel disease is
Crohn’s disease or celiac disease,

33, The method of claim 29, wherein the disorder is selected from the group
consisting of arthritides, connective fissue disorders, ophthalmological disorders,
neurological disorders, gastrointestinal and hepatic disorders, allergic disorders,
hematologic disorders, skin disorders, pulmonary disorders, malignancies,
transplantation-derived disorders, endocrinologic disorders, vascular disorders,
gynecological disorders and infectious discases.

34. A composition of claim 26 or 27, wherein no more than about 10% of the
antihodies in said cornposition comprises M5 or larger. '

35, A composition of claim 26 or 27, wherein no more than about 5% of the
antibodies in said composition comprises M3 or larger.

36, A composition of claims 26 or 27, wherein about 4% of antibodies in gaid
composition comprises M5 or greater,

37. A method of detecting and/or quantitating the high-mannose content of &
glycoprotein i a sample, said method comprising subjecting said sample to an
endoglyeosidase digestion followed by separating the digested glycoproteins by
electrophoresis.

38. The method of claim 37, wherein the endoglycosidase comprises
Endoglycosidase H and the digestion is carried ouf at 37° C for about 2 houzs.

30,  The method of claim 37, wherein the electrophoreis comprises denaturing
capillary electrophoresis,

40, The method of claim 37, wherein priar to the separating step the digesied
sample is reduced using a reducing agent

47, The method of claim 40, wherein the reducing agent comprieses -

mercaptoethanol.



Gly Ser Gly ser Gly Thr Asp Phe Thr Leu Thr lle Ser Arg Leu Glu 65707580 cct gaa gat ttt gca gtg tat
tac tgt cag cgg tat ggt agc tca cac288 Pro Glu Asp Phe Ala val Tyr Tyr Cys Gin Arg Tyr Gly Ser Ser
His 859095 act ttt ggc cag ggg acc aag ctg gag atc agc cga act gtg gct gca336 Thr Phe Gly -Gin Gly
Thr Lys Leu Glu lle Ser Avg Thr val Ala Ala 100105110 cca tct gtc ttc etc ttc ccg357 Pro Ser Val Phe
lle Phe Pro 115 <210> 4 <211> 119 <212> PRT <213> Homo sapiens
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42, The method of claim 37, wherein the glycoprotein comprises an antibody

produced from a hybridoma or an eukaryoetic host cell.



<400> 4 Glu lle Val Leu Thr Gin Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly 151015 Glu Arg Ala Thr Leu
Ser Cys Arg Ala Ser Gin Ser Val Ser Ser Ser 202530 Tyr Leu Ala Trp Tyr Gin GIn Lys Pro Gly Gin Ala
Pro Arg Leu Leu 354045 lle Tyr Gly Ala ser Arg Arg Ala Thr Gly lle Pro Asp Arg Phe Ser 505560 Gly
Ser Gly ser Gly Thr Asp Phe Thr Leu Thr lle Ser Avg Leu Glu 65707580 Pro Glu Asp Phe Ala Val Tyr
Tyr Cys Gin Arg Tyr Gly Ser Ser His 859095 Thr Phe Gly Gin Gly Thr Lys Leu Glu lle ser Arg Thr Val

Ala Ala 100105110
A-1059-PCT.5T25. txt
SEQUENCE LISTING Co -

<118> aAmgen Inc.

<120> methods Tor Modulating mMannose Content of Recombinant Proteins
<130> A-1059-wo-PCT

<140> pNot yYet Asstigned

<141> 2007-01-23
<150> 60/761,477

<151> 2006-01-23

<15C> 11/644,345

<151> 2006-12-22

<160> 10
<170> PatentIn version 3.3

<210> 1
<211l> 39Q

<212> DHNA ‘

<213> Homo sapiens
<220>

<221> CDS
<222 (1).. (330D
<400> 1
gag gty cag ctg gtg <ag tot g?a gca gag gtg aaza aag <¢cc g%g gag 48
Glu val Gin reu val GIn ser Gly Ala Glu Vval Lys Lys Pro Gly Glu
1 5 10 15
tct ctg aag atc tec tgt aag gtt tot gga tac ttc Utt acc acc tac 96
ser Leu Lys Ile Ser Cys Lys val Ser G?y Tyr Phe Phe Thr Thr Tyr
20 25 30
t 'atc ct tg cgc cag atg ¢cc ggg aaa ggc ctg gag tat atg 144
ng Ile g%y ng ga Arg Glin Met Pro G?y Lys Gly Leu Giu Tyr Mmet
‘ 35 40 45
ggg atc atc tat cct g?t gac tct gat acc aga tac agc ceg toco tic 192
G?y 1le 1le Tyr Pro Gly ASp Ser Asp Thr Arg Tyr Ser Pro Ser Phe
50 55 60
caa gge cag gtc acc atc tca goc gac aag tcc atc agco acc goc tac 240
Gin Gly GIn val Thr Ile Ser Ala Asp Lys Ser Ile Ser Thr Ala Tyr
65 70 75 80
ctg cag t9g agc agc ctg aag goc tog gac acc gec atg tat tac tgt 288
Leu GIn Trp Ser Ser Leu Lys Ala Ser Asp Thr Ala Met Tyr Tyr Cys
85 90 g5
cg aga o] t aac tgg aac tgc ttt gac tac tgg ggc cag gga acc 336
g1g A%g g%y g?y Asn Trp Asn Cys Phe Asp Tyr Trp G?y Gln Giy Thr
100 105 110
Ctyg gtc acc gtg tcc tca goc tec acc aag g?c cca tcg gitc tre cecc 384
Leu Val thr val Ser Ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro
115 120 125
¢ty gca ) 390
i.eu Ala
130
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Pro Ser val Phe lle Phe Pro 115 <210> 5 <211> 5 <212> PRT <213> Homo sapiens <400> 5 Thr Tyr
Trp lle Gly 15 Page 3 A-1059-PcT.ST25.txt <210> 6 <211> 16 <212> PRT <213> Homo sapiens
<400> 6 lle lle Tyr Pro Gly Asp Ser Asp Thr Arg Tyr Ser Pro Pro Phe Gin

A-1055-PCT.5T45 . EXT
<210> 2
<21i> 130

<Z212> PRT
<213> Homo sapiens

<400> 2

Glu val Gln Leu val Gln Ser Gly Ala Glu val Lys Lys Pro Gly Glu
1 5 10 15

Ser Leu Lys Ile Ser Cys Lys val Sgr Gly Tyr Phe Phe ggr Thr Tyr
20 2

~Trp 1le g;y Trp val Arg 6ln Met Pro Gly Lys Gly Lgu Glu Tyr Met
3 , 40 4

Gly Tie Ile Tyr Pro Gly Asp Ser Asp Thr Arg Tyr Ser Pro Sser phe

50 55 60
GIn Gly GIn val Thr Ile Ser Ala Asp Lys Ser I1e ser Thr Ala Tyr
65 70 75 8O
teu Gln Trp Ser Ser Leu Lys Ala Ser Asp Thr Ala Met Tyr Tyr Cys
85 30 ' 95
Ala Arg Gly Gly Asn Trp Asn Cys Phe Asp Tyr Trp Gly Gln Gly Thr
100 105 110
Leu val Thr val Ser Ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro
115 120 125
Leu Ala
130
<210> 3
<211> 357
<212> DNA

<213> Homo sapiens

<220>
<221> CDS
<222> (1)..(357)
<400> 3
gaa att gtg ttg acg cag LCt cca ggc acc ctg tct tig et cca g?g 48
€lu rle val Leu Thr G1n Ser Pro Gly Thr Leu Ser tfeu Ser Pro Giy
1 5 10 15
gaa aga gcl acc ctc tCe tge agg gec aglt cag agt gtt agc agc agco 96
Glu Arg ala Thr Leu Ser Cys Arg Ala Ser Gin Ser va'l Ser sSer ser
20 25 30

tac tta gcc tgg tac cag cag aaa cct g%c cag gct ccc agg <lc Ctc 144
Tyr Leu Ala Trp Tyr Gin GIn Lys Pro Gly Gln Ala Proc Arg Leu Leu

35 40 45
atc tat ggt gca TCC C€ge agg goc act ggc atc cCa gac agd ttc agt 192
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151015 <210> 7 <211> 8 <212> PRT <213> Homo sapiens <400> 7 Gly Asn Trp Asn Cys Phe Asp
Tyr 15 <210> 8 <211> 12 <212> PRT <213> Homo sapiens <400> 8 Arg Ala Ser Gin Ser Val Ser Ser
Ser Tyr Leu Ala 1510 <210> 9 <211> 7 <212> PRT <213> Homo sapiens

) A=-1058-PCT.ST25 . tXL
tle Tyr Gly Ala Ser Arg %rngla Thr Gly Iie EED Asp Arg pPhe Ser
50 5

ggc agt tet ggg aca gac tic act ctc acC atc age aga Ctg gag 240
G%y sar 2?3 ser G?y Thr Asp Phe Thr Leu ;gr ITe Ser Arg Leu ggu
65 70

cct gaa gat ttt gca gtg tat tac tgt cag c<gj tat ggt agc tca cac 288
Pro Giu Asp Fhe Ala val Tyr Tyr Qys ggn APg Tyr Gly Ser ggr His
85

act Tttt ggc cag ggg acc aag Ctg gag atc age <ga act gtg get gea 336
Thr Phe Gly GIn Gly Thr Lys Leu %&g Ile ser Arg Thr gao ala Ala
100 1

cca tct gte tto atc tic ccg 357
pro Ser vVal Phe Ile Phe Pro
115

<210> 4

«211> 119

<212> PRT

<213> Homo sapiens

<400> 4

Glu Tle val Leu Thr GIn Ser Pro Gly Thy Leu Ser Leu Ser Pro Gly
1 5 10 13

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln ser val Ser Ser Ser
20 _ 25 ‘ 30

Tyr Leu Ala Trp Tyr Gln Gln L%S Pro Gly GIn Ala zgo Arg lLeu teu
35 4

Tie Tyr Gly Ala ser Arg Arg Ala Thr Gly Ile Pro Asp Arg Phe Ser
50 55 7 60

cly Ser ¢ly ser Gly Thr Asp phe Thr Leu Thr Tle ser Arg teu Glu

65 70 75 80
pro Glu Asp Phe Ala val Tyr Tyr Cys GIn Arg Tyr Gly Ser Ser His
85 a0 g5
Thr phe Gly Gin Gly Thr tys Leu Glu Ile Ser Arg Thr val Ala Ala
160 105 110
pro Ser val phe Ile Phe Pro
115
<210> 5
<Z211> 5
<212> PRT
<213> Homo sapiens
<400> 5

Thr Tyr Trp Ile Gly
L S
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<400> 9 Gly Ala Ser Arg Arg Ala Thr 15 <210> 10 <211> 8 <212> PRT <213> Homo sapiens <400>
10 Gin Arg Tyr Sly Ser ser His Thr 15 Page 4

A-1059-PCT.5T25 . txt

«210> &

<211> 16

<212> PRT .

<213> Homo sapiens

<400> 6

Ile Ile Tyr Pro Gly Asp Ser Asp Thr Arg Tyr Ser Pro Pro pPhe Gin
1 5 10 15
210> 7

<211> 8

<212> PRY

<213> Homo sapiens

<400> 7

g]y Asn Trp Asn gys phe Asp Tyr

<210> 8

<Z11> 12

<212> PRT .
«<213> Homo sapiens

<400> 8

Arg Ala ser Gln Ser val Ser Ser Ser Igr teu Ala
i -5

<21(3> 9

<21il> 7

<212> PRT

<213> Homo sapiens

<400> 8

Gly Ala ser Arg arg Ala Thr
1 5 :
<210> 10

<2311i> B8

<212> PRT .
<213> Homo sapiens

<400> 10

GIn Arg Tyr Gly ger ser His Thr
1
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