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INTRODUCTION hati-life of profein therapeutics (see balow), Ons

aspect of glveosngineering I8 to infroduce new M-

Frumweal factors and eviokines are glveosyiated inked glveosyiation consensus seqguences indo
with variable nwnbers of carbohydrate chains desivable positions in the peptide backbone to
esch of which has variable carbohwdrate stroe- gentrate proteins with :i;s:’;_s:f;“s: ed sinlic acld con-
tures, While the biolegical function s bypieally taining cavhohydrabe, thereby increasing in vive
determined by the protein mmpwmvnt carboby- activity due to a longer serum halftlife.!

drate can ;}Lﬂ a in molscolar stability, Darhepoetin alfa (DAY 8 a hyperglveosylated
solubility, in pive activity, serum halfilife, and analogue of recombinant human erythropoietin
innmnnogenicity, The sialic acid component of HuEPO) generated by glyccengineering' He-
carbobiydrate fn partiooniar, can extend the seroam weinbinant HuEPO & used o tread the ansmis

assoviated with chronic hidney diseaze, cancer,
s E"HV inﬁw{ tory as well as to reduce Lh&» i
wrgical
fwof o 1685
arving acid sin m}e pfsiyp&p’ime Eh&li’i ‘§;§'}3§1 contains

v?fa Aﬁmﬁz TVE E’xmvhﬂ iivi;

i
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three N-inked glveosviation sifes di mgmr 1{*&{}@&1
residuss (Asn2d, Asndh, Aenil
atte at serine residue Berl2g”
that t}w qmii{’ >'af"id‘-{:0n§'z¢inizzw :

the seruym imii»hio mri £k
the hypothesis th i
rHuEPO might further enhanes in vivo activity,
DA condains bwo additional N-linked glveosylation
sites and bas lneressed in vive aebivity and
prolonged duration of getion since serum half-life
is increased threefold abeve rHuEPOY This
allows for less fregquent dosing, with subseguent
inereased eonvendence for the patient and care-
giver and improved patient compliance. The ase of
slveoenginsering v disoussed.

THE PROUCESS OF GLYCOSYLATION AND
SITE SELECTION

mimnfﬁﬂ play a crucial role in many
: ‘"ﬁaimﬂ, and adhfe iTaie} m’s\;“at*: that
{arbabiy-
aleo aid fﬁ’id}ng @f \-mmmd o~
» chains, unlike aming scids
: czwi pmivm@m, AYe 68 m;mbkm Enzy-

kv piaz,..-

dm{L mmmle ;

toing ® Carbohvdra

and ool

el tmx‘z;;;’iate, and henes are divem with respect to
both the number and the linkage patterns of the
sugar units” Until very recently sueesssful
chemical synthesis had not been reported.’ i

lassified into four eadegories:
{rlinked, i
glvensylphosphatidvlinositel (GPI-anchored pro-
teing. This review will focus only on O~ and N-
Hnked glveosviation. O-linked glveosviation ig
inttiated by the attachment of o single monssac-
ﬁimﬁd& mauaiiv Nopretyvlgslactosamine, to g Ser
g.m This proximal sugar i85 subse-
quenth vhbwwzimi by o series of glhyvosylirans-
ferases to form a mature fhglvean structure. It iz
unknown wh}; certain amims avid residues |

Glveoprnteins arep
M-linked, glyeosamineglvenns,

38

an extended {z* furn, ™
Nelinked glvoos »L&imn taker place with the
transfer of a 1d-residpe olipgosaccharide, to a
nascent polypoptide ab the + Iovated within
Asn-X-Her/Thr conssnsus motif whers X iz any
The attached olig

amino acid except Pro.t
charide then undergoes ens

RS0
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materation via the action of glyeosyltransforases
that append additional sugar units fo the terminal
mannose residues, "

naturally ocsureing consensus seqy
ecyeted p:mwm are nui cri FeOSY Lﬁieai
IS & wgm neos

Alters tmﬂ Qﬁ ﬁw ad amm EeGUencs can eonvert a
non-functional consensus seqguenve to a finctional
site, indicating thal seguence eontexd or sscond-
ary structurs alfects r@e@gmtim of the consen-
sus sequence. For example, Pro™-Asn™ The™ §

rHuEPO was not glveosviated while s;‘uh:&:t‘i‘s;u‘ms 4]
of the Pro residus for a Ser, Val, or Als ke in
the rHuEPC anslog soquensce resuliod in carbohy-
drate addition.®® Possible sccondary structures
required for carbohivdrate sddition within fune-
tiomal glyeosviation sites are B or Asn-X furns”
Carbohy draw addition precedes protein fold-
ing.* ® Thus, sites introdueesd inty normally
fsumaﬁ @{%1‘{1911" of the moeleculy, e.g rHuEPO, can
ted however, the resultant proteins
f{% p;‘amm "‘ﬁ;‘“mmrc@ argl/or oy stabili-

¥ otistn Tolding 181
can  also be glyoosvlated o varving

SEen mf.ihn M%i iif*md

, o

&mﬁ Lf‘;“s‘t}ﬁ Arta-

containis wiwhvd}:‘aﬁ? at paz‘ticu}m* sifes is duﬂ
to sequence conbext ared secondary stracture of the
N-linked site. Although melesudar 80 modeling
would be wseful in delermining whether sile
location may be glyeosylated or may disrupt
torbiary stracture, this is nol essentinl, Bmpirical
and predivitive analysia of M-linked & indrodus-
tion into rPHOBEPO produeed ans that weres
glveosylated sfficiently whilst maintaining strue-
tural integrity,”* The carbohyvdrate composition of
rHuEPO N-linked chiaing are complex and differ in
terminal N-aeetylneuraminic acid (NeuBAcg) son-
tent, (acetvlation of the NeudAe residues, N-
goet dogres of
branching. However, carbohvdraie composi-
tional analysis of glvecenpineered rHoEPO anee
found thaet addibionsl carbohydrates were
it complox carbobydeates in g manne
similar to naturally eccurring glvoosylation siles
and that there were noe new assoviated carboby-
ruckures. Howevar, the position of g sile
gy influence the hkelihood of carbohyvdrate
tachment and the subaet of normal stroctores
of carbohyidrate that may be sftached. This haes

oF

tosamine  extensions, gl

iy

besn observed in rHuEPO where the carbohy-
drates added to the naturally sccureing glveosyla-
. whereas

tion site at Asn24 tend io be smal
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1838 SINCLAIR ARD BELLEOTY

carbohyvdrates added to Asn83 and Asnds temd to

be larger,

PROPERTIES OF GLYCOSYLATED
AND GLYCOEMGINEERED PROTEINS

Physical Properties-

The stability of protein therspeutics s of prime
importance and glycosylation can play an impor-
tant role in mainteining molecudar integrity.
Carhobydrate can reduce susceptibiliby o proteo-
Fywie, For example: fibronectin is move sensitive |
\%f}i“ n mi iﬂh%dﬁ“" GE are remove T
nterieron beta
is deereased
# and car-

ey eonformation
20

(E'FN §>¥ o ihwm;&i
compared w the ungl
hohydrate st 3 Fiteilele
of interleukin & (JL-8) upon exposure to heal,
Carbolyvdrate on tHuEPO plays a role in main-
taining s melecular stability, AsialorHuEPO
v deglvessyiated +HuEPO lost in witro
bialogicnd setivity upon hest trestment, malntain-
ing only 35% and 11%: of initial activily, respec-
iy, %iif‘ reas ghveosvisted oHuEPO lost no
gczw;%v BPO is denatured
more regdib X 1L, heat, and pH,
resulting in aggregates amd precipitetes, while
ghyrosylated vHoEPO sbhows ¥ sible fobiing
and remaine soluble ™™ Carbshvdrate was also
found to protect the peptide component of rHoEPO
from oxygen free radical damage.*®
sid eontaining carbolivdrates ave highly
hydrophilic struefures and inerease solubiliby of
proteing by shielding hvdrophobie residuss. Th
ean alse affect adhesive properties of proteins.”
For example, mucins are heavily O-glyeosylate
with increassed gel-like properties dueto their high
siaglic aoid content. When five additional Noinked
carbobivdratos were added to native seguence
leptin via g cosnginsering” the resuliant g
aviated leptin had an over 1B-dodd increase in
over native leptin (Amypen data on file)
el and unglyoosylated Plasmo-
dinrn folviperwm werozoite surface profein 1
{(MEPLY was exprossed in teansgenic mouse milk
unglycosyiated MEP-1 was considerably more
insohuble than glyveosviated MEP-1 when purk-
fied. ™ Purthermore, nnglveosylated MEBP-1 prov-
e fo b w sigrd Beantly more efficient vaccine than
glycorviated MEP-1 when monkeys were chal-
lenged with a lethal infection of P. foleiparum.™
This may have been partly due o the formation of

FOHFINAL OF PHARMACEUTHIAL ¥

HCES, VR 4 NDL L AU

SR mmpmwﬁ o é,h(‘ }?Ey{‘(i‘s‘y iai@d hratpin.
nmzwiv the earbohydrate may have “shieldsd” the
protein fom inpnuns surveillance {see belowl,

Biological Activity

{55

Experiments with EPO ghveoayviation analogs de-

rated a divest, positive, relotionship be-
11 ﬂumbw of car huhs drate chains and in vive
itionr of the abiached

jR
activity. % Although pes
chains affected activity, the number played the
mere important role. When intracellular signal-
ing was examined, the kinefics and magnitude
of response of $HuEPO to DA were compmr
able, indicating that additis arbobivdrate
doss not blunt the bielogical response. DA has a
gimilar "»‘mﬁ?rnmimn and stability wpared o
FIuEPO Howe dus to extr acid, i
has significantly enhanced %rm haifdife and,
consequently, in wivo activid ree EQM HIOre
rHuEPG than DA w 1*{-3@;‘&1& :
srythropoietic re

dosing in mice. '
13-fold when the molecules were a{imin
at weekly intervals, When single injertions wers
eompared approximately 30-48 fold more
rHuEPO was reguired to match the activity of
the lower doss of DA, Thus, the relative i ofon
patency of DA comparsd to riiu‘QFé} increased as
the dosing wmilery (}i iney S In g wmltieevele
carboplatin che radivtherapy model of
fein malee 5 1 Wighioy ode omzHuEPH
of the effect of DA i st
ervihropoiesis (Figure 13 This demonstrates ﬁmi
the extended serwm hallthife vields poteat in vive

und kﬁp‘i&) Lepim iz z nonglyeosy inwfi pm{em
invobved m Jm nﬂm’s;i ui hwiv wmﬁht Lﬂvmw

iha»s: i,rv&wd with an;,hf:u :
humar leptin ((HuoLeptind'
sreasing the dose of ';.‘Hiﬂ_,epi;:@.n H-fold eould

produce the aame weight loss induced by hyper-
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1830

lot production.’ 4 nl Bgand condatns twoe D-linked :
{iﬁr‘ﬁ)«hgd.m o 'bui i&('}w \z L«ﬂ'. & d mxbu} Figure 3h
in the "m}inf;

Molecules N3G tour additional N-linked carbohy-

drates) and

drates) inerpased the

platelet pro
native

megakary ﬂc»’w f‘mmm mama lﬁ;zm‘“ and plate-

segquenes rHoMpl Hpsnd,
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fotger

with in

N40 o total of six N-linked carboboy-
amount and duration of
dustion in normal mice compared o

arnd 'mz iviby

corredated with extent of glve tion.* Taker
together, these studiss demonstrate thsat the profile
glvesengineering of proteins can enhanee é sivo

activity even of proteins that do not pormally

contain M-

Serum Hall-LHe and Clesrance

The increase of in wiv

hyper
an

2

sylated proteing appéar
ITOTEREe
rogidence time. The additional two carbohydrate
chaing in DA convey
hall-dile in rats and dogs compared o FHUEPQ.®
in EPG-nai

depend
nked carhohydrate moiebies,

polvoys
mudtiple
conTpY

poteney of glyeosviated and
s to be due to
civenlating

> in serum halflife

o3y

# a threefold longer se rum 'cit aban

ve human patisnis reeetving periio-

dﬁubied the mean terminal halfll

ife sxien

in ganoer ;m;gm.h with chemuotherapy-indy
anemia, where jpimz‘mae@kinﬁéigf
collected wp to 3 weeks
allovwed for full svaluatic

mean terminal halfdife than «HeEPO, &

more. than twolnld greater area under the curve

leading to a 2.5-00ld lower clesrance’
Subrutansous administration almost
in comparisen
Serwun 'h aif"-

%}ﬁfﬁai‘iiﬁif“r{‘d B;

fravenous

uwmvuw muitmia,. (‘yci% {;i
A mere recent study with DA
et
samples were
(504 T after dosing,
tof the pharmacokinetic
g In that study, the

of DA i $his

mean terming! halflife wos estimated as 6188 h,

ing on timing of chemotherapy ®

Follicle stimulating hormone (FSH) is 2 gona-
detropin used elindeally for the 1
infertility and of anovy

ment of
fory condit nrduding
stic ovary syndrome and stimulation of
o follicles for m widr iewi dewﬁ F i

d of two g, hs

£

o @};Izaii(m #i

T :md mcrmm’d i
s M-inked glve

s wore added onto the Neterminus ﬂi ang of the

noal dindyvsig, DA had an approximately thresfold subunits o form mutein FSHIZ08 which was
10
Aranesp® IV 0.8 pofkg)
Aranesp® 8C {08 ugflgl

Baseline-Corrected
Serum Concantration ng/mi}

FOHINAL OF PHY

pHuE R 1Y (Y00 Wik}
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efficiently ghyeosvlated and had an increased half-
fife (three to fourfold) and AUC Jour to sixfoldl®
The extended halftlife snhanced the in vivn bio-
activity ax @ e dose of FSH1208 provided
similar nere i fht, oI az’e«:% ’w
thres daiiy ¢

slowly r’@iﬁ;}ﬁ@d into the cireunlation. Gi;g;,m@;
T3 hiad 5 30% 400 increased ability to s;t.imulai.e

histidine carboxylase activity in bone marrow
after & single injection compared with mm_giym-

sviated forms dus to a twalold incre
half-lifte ™ Due to the high velume
for glyeosylated 1L-3 i was supgested that

hydrate preferentially trapped IL-3 within tissuss
by binding to the ECM. Therefore, the slow release
of ghyeosviated I1L-3 into the cireulation elevated
in vive half-life.

Tt iz still unclear why some mi‘»*iam 1 glveopro.
teing are cleared at slower rat 311 ziuties)
than their desislviated counterparts. Originally it
geested that the hepatie asialoglyeoprotein
receptor (ASGPR) bound desialviated glveopro-
tesins targeting them for degradation. Thus, the
rate of desialyintion of glycoproteins was hypothe-
sized to comtrol clearance. However, studies
reported that the saburation of the ABGPR with
astalporosomucoid did not delay the clearance
of sialviated MY srogomucoid, wmplicating other
mechanisms of asialoglveoprotein dearance™
Howover, no seeomuletion of destalvloted glyco-
prateing or Hpoproteing have besn reporied
ARGPE knorkout mouse oirculation, even though
they demonstrated reduced dearance rates of

K
i

53

irt

asialoprosomoraid or asialofetuin % Thiv raues
the possibility that different receptors may mflue

enice the clearance of ditferent glycoproteins.
Although '°‘ﬂu¥‘?f ) has been used in the olinie
for pver 20 yvears, the precise mechanism of clea-
rance s unknown, Sinee there was no apparent
differenve i rBuEPO clearsnee between normsl
and patients with lver elirhosig, thes %
gests that liver, and by implication, A
not play a significant role in pPHuEPO cearance.™
The bone marrow has also been suggestedto be g
clearance organ in addition io the effecter srgan.
=, clearance of BP0 mav be at least partially
controlled by binding fo an EPO recept
ryvthropeletic progenitor cells where it is subs
guently injernalized and
somes.” Although somes organs

%oﬂfmzhzd in Lho h" 33
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kidnevy doe net play a major role, there may be
. . . fol
conditions where they affect yHuEPD clearance ™

]
e

Immunegenicity

Antihodies rai
have delets

d to protein ?immpr=i1‘fzc- can
dous cmsequences including '

435

efﬁc&w thr;uah ns:u&z‘ahz HO? ﬁf at’hu‘w
f"'éi

TAIE CHEeE, amizimd ¢ o cxzi . :
are produced in patients which also recognize ami
suiralize endogencusly produced EPLY, ?muit.mg
in the developument of antibody mediated pure red
eedl aplasia (PRCALVY Although estremely rare
before 1888, with ondy three cases being reporisd,
m “}{}ﬁ‘% thore were over 160 patients worldwide
1 antibody-positive
ceiving rHuEPO with the majority ui cases
sutside the USATT Since millinns of patients
beery treated with rEHuBEPO prioe to 1998, it was
hypothesized that changes in the manunfacturing
provedure and o mrmuiai:cm may have acco-
wnbed for thig ine
Drone theoredical deawbaek to the glvesengineey-
ing of therppesutic proteing could be Immune
recpgnition of the mutated amine acid sequence
megndting in the production of nentralizing anti-
bodiss. DA differs from yHuEPO at five sanino acid
poaitions suggesting that an andibody cou 'iti theg-

ratically be directed against the “altered”
However, as of submission of this ﬂmmu%cﬂj{}’z:,

there are ne reported cases of negteadizing andi-
hodies in any };m‘, i that were caused by BA,M’
Beyveral possib 5 conld explain the laek of
antibodies in bomans o DAL A posidiv ot of
additional carbohydrate on selubility and its effect
o stabilising proteins may reduce the possability
of fermation of appregates. Aggregation has been
impheated in ‘ﬁ(‘rvamd memuwmu by of pro-
min&.ﬁ“’ A al.” reported that immu-
ies in PROA patient serums
inereases when carbohydrate is
'.:im{ timf ihv mfhmhwiwxm cais

'm ri-h@EF%’}
remove -id @t

rom the mmune 1
In support of thiz nolion, a single frianlennary

1}-";_11 & E.}.&'i)tf;ﬁ.ﬁ{u. x,ﬁq Qe

gialviated complex carbohydeate a)%ug}ww, B sige
nificant volume, approximately 3542 A% thereby
redhucing the available surface aren on the protein
to fnusmne surveillance, This iz congistent with the

observation that carbohydeates redues podvelonal
and monoclonal aniibedy immunorsactiviby io

FEPOY and
body bin

sialic seid on L}% inhibited anii-
fing in immunes

PRAE 3 PR
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1832 SINCLAIR ARD EL

Qiher studies have similarly suggested that Hernday K,
carbohyvdraie can shield altered peptide sequences Romorowski K Martin 35“\, , Osslund 1,
from immone surveillanee, For mxam{}iw such Rogers G, Hogers N, 4. 2003
reports indicated that chemisal addition of poly- Lah‘““*@f’ et of i*l"?”wwm Pmi i dn pive activ-

si&im dsxd m an

p&z A in reduced

T

sl ity ™ ,mci ngwmmfzmn jaded
parwm merzoite surface protein 1 immunogeni
city™ dramatically decrenses when mz‘b@h}’{imi’f*
is attached to the mol : st 4

@

. Brovene JK, Coben AM, ¥

Mat Biolechnol

‘11 fii*i—/’%"}z.
. Lai PH, Lin FK,
Strickband T, Watson B, Stebbing N 1888, Ere-
thropoietin: Gene cloping, profetn straciure, and
a3 propertias. Opld Spring Harb Svep
51 %ﬂi}

¥,
3 ) Kh i nx GE&L Mﬂ%ré i §<
] ihat ﬁq;;ﬂrg%},(‘ﬁayi&{)(cd ti“}(:;_ ﬁpuup{v pwﬂgmi Z 1?9 35, {,‘Onmg and expression of ihw &‘&mﬁn
may have reduced bmmunogenicity compared to thropoietin gene. Prov Natl Acad Hel UBA 82:
(T HE
their non-glveosyiated counterparts. &0 ’f’ i e o
4, Eg L Browne J, Lad P, Lin PEL 1885, Charace
ferization of revombinsni mendeay am% human
CONCLUSHONS wy&hmpov etm ”%‘gm‘ i Rind Hes 191:339-350.
3. i - dHL 2001 Devela »pmvm anﬁ

Carbohvdrates confer advantageous physieal and
bislogical properbies to nuturally pecurring bumewal
factors and protein therapeutics. Enhancing the
varbohvdrate content of profeing through the
infroduction of consensus Nelinked glyeosylation
sites {glyeosngineeringl can inerease i vive potency
of m&ewiﬂ ?hnmg%z vating serum halflife. In

& neubralizing antibodies ¢
the eﬂgmﬁu‘t’fi pmtmz*- ihe' rapeniic and endogensus
protedn. ’&hhauﬁh this pote ntial should alw ave be
taken fto oo ety i desdpning profuin thera-
peuties, the h}whhtmd of manune reactions can be
mypsinived by tadong advamtage of the beneficial

properties that carbohwdrates add to the molecule a
tantibody repulsion and shielding, increased

Risks can be

. Muandougall

1 mswsi eryihropad
mg,\ e m;} %NL@% B J Cancer 84:3- 10,

w30, Dwyer B, Browue JK, Hitz A, Lyixu MA
;5%3{‘35:5 Darbupostin alfa ?M a longer el ing
hali-lile and preater in vivs poteney 1 : 3
vt usmar evvihrapoietin, Exp Hematol 31,280
f?q }

svels

1 Gray 8, tornn 13, Breen O

Jenkins B, Browne d, Lg}'w 5. 1%‘%‘} Ei“h%x'mm:@ki‘

. Asparagine-
and funotinn of
Med Chem 3

g Kﬁ—‘ii“y’ pekiLe

) TR 1]
bility and veduced aggregation). ‘ Biochan Mo Biol 52:1-100.
reduced further by targeting mutations away from 1. Plante (0, Secherper PHL 23003, Bocen
receptar binding d(}m( s, as has been parformed autometed -phass earhoby

for DA, The glycoes ving approach may there-
fore be g gonerally applicable techmology to enbanee

“EEYEL

i:u vaenings. Curr Opin E}m > Diigeny

Fr

the properties of protein therapeutics, 11 P, Rudd PM, Q\WU A, Vim ﬂvmm‘x
o, i.}'px:iaz.z akker . 1888, Oy

& £ B S AP . - glversvlation aga rs‘.@r,:ﬁmm*@ mechaniem in inflam

ACKNOWLEDGMENTS mation and autoippoanity, Adv Exp Med Biol 485:
133148

The authors weuld lke to thank Cynthis Ha r';t’u-*v 12 Engelbres ;;v J, Rohr H,

Renes Komorowski, and their respective fsams
for providing data on DA and GE-Lepting and
Barbra Sasu for eritieally reviewing this articls

REFERENCES

1. Elliotd B,
Buck 1, Busse 1, Chang D,

Lovepzint T, Azher 8, Acki K, Brankow 1,
Fuller o, Grant 4,

FOHFINAL OF FHARMAL

AL S

. Hansen JE, Lund O,

. ’”i"anm (,En' e

. Biliedt &, Bariley

. 1985, Prediction of (-
9 ﬂi i’ﬂ*ﬁ}li‘{'&ahdﬁ profu 1 ;
}J i,imﬁz z)i LDP-GalNAcpolypeptide Noae
tack srase. Bischem J 30880
L TH, Velurags K. 2 :
analysis of O-glycosylation sites In proteing, Bio-
phws o é‘%f“'{@f}z-{%ﬁ{}.
¥, Di—"}.ﬂ}“mf} E, Derby P, Hune B
tahide ME, Stoney K. 1084

Lotenzind T, Parker ¥,

Regeneron Ex. 2016
Samsung v. Regeneron
IPR2025-00176

Page 7 of 11

RGN-EYLEA-BIOSIM-00741160



GEYCOENGINEERIG 1633

28, Runkel L, Meter W, Pepinsky E\B Barpusas M,

carbohydrate o recombinant evviliropoietin, Bio- Whitty A, Rinhall .En xr}ciu M, Muldowney
ehemislry 351183711245, C_, hme\ ’&’% i""' SE

15, Kihraarsky L, ”&Qmma M, ﬂ”mai&u ¥, }mv“m H

Hennett BP, O #

A, Sherman ‘-» . ; : %i.i’.N*b{%m} ﬁi;-—%ﬂ‘%

pephide sy for mucha-type (-glveosy 1. b Kedama 8 Tsujbuoto M wucka N, Suge 't Ende

Biochemi ] T, Kobaia A 1888 Hoele of soger chains in the
16, YVan den S s npdrn activity of recombinant huesn interlenlin

Cioneapds 5 : , 5, Hur o Biochem 211008908

Ovit Rev Biochem Mol Bis) 33:151-208, 31, Pends B, Kewanisht G, Usda 3, Masuda &, Sasakd
17, Bavse E. 1883, Btroctursl reguivements of & R. 1890, The role of car chydrate in recembinant

of proteins, Studies with proline human ervihropoieths, Bur 4 Blochem 1880058
snad probes, Bisvhem J 208 411,
x;‘ﬁ_g, LG, Arakawa 'F, Aok

slyeosylat
pepdides as x:cfaismm
31308,

§, Eimore B, Rohde

18 ki}r*iiwﬁ B, Bornfeld 8 1885, A ¢ of aapar- F, Boone 1, Strickland TW. 1891, The effect of
suging-linked olig m~acchm‘w§@' Anny Hev Blochem shvdrate on the strusture and stabiligy of
B4 B~ 664, wythropoistin, J Biel Chem 38523022 385

14, Gavel Y, von Heline (3, 1980, Sequence differences 34, Endp Y, Magad H, Watanabe ¥, Geld K, FPakant

tated and wo-glveesviated Asn-X- 1998, Heat- mduv:{\ai agzregation of recombinant

for profed prythropoietin in the v and deglyengyiated

states ag menitored by gel permestion chremats-

v coanshined w;.z_.h a lowangle leser light
tering techmigue. J Blochem 112700708

chida B, Morhooto K, Bawasaki N Izald Y, Abdu

v Hayvshawa T 1987 Effeet of active ;skygfm

veets give
Ser geeeplol

epgnesring. Pms,mn Lx
20 Apweiler B, Heong

D I%: 1894 O the
of ;}m%‘.ein e Aation, as dedoesd from
he BWIBE-PROY database. Bischim A4
iﬁmg%zyk Azf,ﬁ A&",’cﬁ"gwﬁ s

frogueny

21, EHinte 8, Chang B, Delorme B, Enig T, Lorensgini T\ radivals on protedn and coarbaly

Fo0d4. Structueal reguirements for additional N- vevombinant uman evythropois

im&eé carbohydraie on resnnbinant humarn ery- 111335

thrapotetin, J Biol Chery 27916854 15862, 38, Gwoches OF, Gramer ¥, Asndersen D, Bahe 4,
23 : g ussen S 1881 The oligossccharides of

the distance he ween ihe nhgea
active site and the sndeplamn

harviiransferase olveoproteing: Facters alfecting thelr synthesis
retivnhum mens- angd their influence on glycoprolein propertiss, Lip

brane. J Biol Chem 28857885841, "»‘ﬁs‘d&r BE, Brier M, Todd P, editors. Frontiers
23, Kalies KU Hartmann ¥ 1988, Protein fransioon- ' + L, Washington DG Ameriean

nis retionlom (BR—Two s.opp 159340
Bur d Blochum 36, Stowsrs AW, Then Lh LH,

f’uu i.. L(;m%seri L‘ E{Are i -

rant meckos

415,
saki H, Bothner B, Dell 4, Fukuda M, 1887,

24
T bﬂh}“ti;“afu structure of sryvthropoistin axpra- tmm VRTINS SXpre
seed in Chinese hamster ovary cells by a human TR pmm .L\, A\,m« 8 mﬁé
ervibropoietin clNAL 4 Bisl Chem 28212085
13678,

25, RHush B3, Deaby PL, Smith BM, Merey £, Hogers G, 37
Bhode MF, Katta V. 1803, Min v ok
srythropoietin varbohydrate struviure, Anal Chem
15: 1442 14458

26, Takeuchi M, Kobaia A 19381 Siructures and 38, Hm*i‘. s € Blliott &y { ( b lsi by B,
functional miﬂa ef the sugar chaing of lwman Bumm‘imﬁd W, §L1am£ iica{iim tnghon Al Graves
m‘ﬁhrf\puwhn» fiwfshwimw ; ; iu o, '%’iaimmm {3 2003

27, BHistt 5, B i« R very affer dose-
Penting L ’3081 {umrnE ui PHBEPO bi syzical cpapy I owdees Optimised

The role of carbolydrate. Bap Hematol vt ; ith da in alpha, Be J
32:1146- 1155, Hasmato! 122:8625-838.

38, Bernard BA, Yamada B, Olden K. 1888, Carbn- A8 Fhang Y, Proenea B, Maffei M, Barone M, Leapsid
hydrates seleetively protect a specific doemads of ‘viedman M. 1984, Positional cloning of the
filranestin against proteuses. 4 Bl Chem 287 1Ee O gone and iy husan honwlogue.
H548-45Rd. Mature F —43%.

BOLARIIAL £3F PHARN U3 G, RO B, ARIST 2
Regeneron Ex. 2016
Samsung v. Regeneron
IPR2025-00176

Page 8 of 11
RGN-EYLEA-BIOSIM-00741161




1834 SINCLAIR ARD BELLEOTY

48 Kuater D 20040 Theombopoistin facters, Im
Borsivn {3, Foole 3, Lisschke G, editors ¢
topoistic growth faclors in oneology. Tetows, N&

Humana Press. pp 125152,

ey T, Bogeoberger o, Hunt ¥, 14 Y8, Lu HE,
Mmim ¥, (%Mz}g BB, Samal B, Nighal ’i.{sq Bwilt 8.
i nloning of & megakarvoeyte
ﬂL«.U’? i}:c, isa ligand By

41

TRIITT-1124,
42, 53] .gsf!?aei
. Horrdohl f&{
3@&*51 {,, 1*}‘% Purmm{mn and bmio giv char-
rigation plase-derived  w
wiby ol dew ix);;meni faetor, Blood 865
43, Ellotd 8, AL ’i‘z\om 2004
Ervihrapoietio iat:inb in: Mu!’ shynds

dakee G4, edifors. |

PGS 33;;‘&’2—32@
44, {:iwpv 4, iimm( 3, i’zm,i R, Tehekinedyian B, Berg
K, Hoszi 3, Austin M. 2008 A randomized teiad
evaluating the phm’mamim o and hematalngic
effocts of the timing of darhepoetin alfs sed chemeo-
sation, Blood 108:90

, A sari BH, {

Utina-A suiree A, {ampo 2001,
isoforms: Corbohydrate vonpled ;
of evites boactivity, Mol Cell Endocrtnnd 174
4148,

. Plastonio M, Boreedl ¥, Baiola A, Bued B, Mascia
M, Polletta P, Pieitelli D, Papolan K. 1988
Biclagival characterization of recorbinant human
fedlicle stirmulating hornwne isoforms, Hum Reprod

4118011687,

therapy sl

nsylation of an
half- ff: arsd

i’i(‘tﬂiﬂ;ﬁau } Lim Ludw%no; %is,mh 853
ey F, Clark-Lewis | e AT, Dy
*'hoh«dr%m s zmi *z 1

H} ¥
48 Clarenbuwrg R, 1983, Asisloglyeoprotein racepioy is
uninynived in elearing intact glycoproteing from rat
Blood. Am o Physiol 24400247 -G53,
Ishibashi 8, Hammer RE, Hery J, 1834 As
coprotein receptor defielency in mice lackin
minoy recepdor subumit. J Biel Chen 289278
B0,
A1, Torawa B, lahibashi

B,

8, (sugs 4, Yamamoto K|
Y¥agyu H, 0&&5& B, Tamara Y, Yaha_{?i B, Heuba Y,
Ohavaki H, Harmds K, Gotods Shimann H
hmmra ) ?«\;gai B, Yamada N, ZUCI Asialighve

aptor deficiency i w facking i
copptor subunit, s obligy ;19 reguivenent
ar the stable espressivn of sligemerie revepior.
4 Biod Chem 2761836824 - 12828,

NAL U PHARM

=
PR

443
=3

“

56, Fang YOO, Yoeng I Hoop 4, Te

. Jf-}meen 453, ée%wn L»W

. Oberg K, Norheim 1, 8o G

. €

Madsen JK.

?mziv 1 L
in in Bver
¢ wnli-

2044,

aths, Thern
Heathertmgton AC, piwrmacoiﬁms i
properties of rHul ¥, In: Melineux (G
Foote B, Elioti S, mizim‘»‘ Erythropoieting and
eryilirapoiesis—— T‘vio;ecuiﬁ mﬁiiuhr pze«cﬁ;mmi am%

4
riag. pp8‘~- 11"

Zhang J2. 2004, Inmmunoregulation
antiborties induced by Dnderferon beta
5. Meurelogy BHA87
FOR0, Treabment ni
maligonant cavineid tumors: A randomized con-
frolled study of streptoroein plug 8-FU and human
leukovyie interforon. Bur J Caneer Clin Uncol 25:
1475147

devall M, N“amf ,}, i

Hivera YM,
and blocking
ireatment in &

on B, Kelta &, Kiladi
wanied P, Papo 1, U
zyeux §>. 2003, Prre

';enf» t;‘vah—ﬁ Wit ?ﬁ T mnhmdm @r’yﬂn}o}}{zﬁleﬁ;m»

New Engld Ms‘(i ’M{w AGS-4Th.

M 2003 Aodibodies
s and re )r}'simmmi eryihropoistin, In
Molinwux §, Foole Ma, Ellisgt B0, sditoes
Hrythropoieting and svythropoiesis, Based, Bwitzer-
tand: Birkhauser Ve Ly 2202448,

v

59 Smalling R, Foole M, Molineux G, Bwanson 84,
Bllinti 5 Prag-taduced and antibody-mediat-
ad pure rod cell aphasiar Aveview of Herature and
prrrent knowlsdes, Biotechonol Annu Bey 100237
250

&0, Moore WV, Leppert P, 1880, Role of aggregated
buman growih hormone (hi3H) in development of
antitiwlios to hGH. J Cln Endecrinel Metab 51
Ba1-697.

61, Man NT, Cartwright Ad, Andrews KM, Mmm GE.
1888, Treatment o human muscle creatd nAZE

# "i‘ de prmere me‘g‘m»&s me
viis pmmmmm ui h.""
ntibodivs which recognize twy
: 158,
B3, Connar BE. 1859, Bifect of N-linked
seviation en <*3nu;}epi{{ie and  glyveoprotein
‘;witzr@ {ur;‘ (}pm Cherny Biod 5
&5, = 13 ijeiemnv E, l)uizn L, Egrie d,

‘r’hy?‘g L. 19986,

mt?i}::ii}»’i_‘ iﬂiier *fhmpmetm nzunmhnui antib-
dies: FiY ide bonds and carboliydrate sn

seb aof disull

Regeneron Ex. 2016
Samsung v. Regeneron
IPR2025-00176

Page 9 of 11

RGN-EYLEA-BIOSIM-00741162



GLY ANEERING 1635

=

recombinant  human  erythropoietin  struclure 57, Beitter JN, Means BE, Desypsiors BC, 1598 A ke
Blood 8727148723 for carhohydraies in Dumune & &
strom B, Eriksson K 2003, & new Med 4878884
ed for defection of darbepnetin- covans Drunen Littelvan den Hurk, Hughes G,
At B Babiuk LA 1988, The role of carbohydrate in the
imenie and myriogenie straciure of bovine
2 AL, Gregoriadis (¢ 2000, The effect of herpesvirus
podysialviation on the lmonunopenicity and anild Wirnd 71305 .
gunivity of asparaginese: boaplication in s phar- 68, Bessrabh A Flahoedy B Erslev A, McUres JB,
marokinetive, Int J of Plann 2172156284, 3 L Meding ¥, Care J, Moreig B 1982,
#8. He OL, Lin YL, Chen WO, Hooehi R, Plel b, 18858, Clinieal pharmadology and seononie
Connparison of the humurwgenicibe of wasp venom want bwman erythropsistin in end-stage renad
paptides with or without earbohydrate molelies, dizensar The case for subcutaneous administeation,
Teoxtoon $6:317-221. 4 Aun Boe Nephrol 2:1405--1418.

0
[

234,
65, Feornande

05

BLAL N PR

a5 ;

Regeneron Ex. 2016
Samsung v. Regeneron
IPR2025-00176

Page 10 of 11

RGN-EYLEA-BIOSIM-00741163




Regeneron Ex. 2016
Samsung v. Regeneron
IPR2025-00176

Page 11 of 11

RGN-EYLEA-BIOSIM-00741164





