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Development of Protein Drugs by PEGylation Technology
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Abstract: PEGylation, the attachment of polyethylene glycol
(PEG) to proteins, is currently main technology for improving
efficacy of protein drugs. This technology can prolong the
plasma half-life, augment the in vivo stability, and diminish the
immunogenicity of therapeutic proteins. Therefore, PEGylated
proteins have the enhanced therapeutic efficacy and the
reduced undesirable effects versus their native therapeutics.
Since the first PEGylated protein product appeared on the
market in the early 1990s, currently ten PEGylated protein
products have been launched. These marketed drug products
have proved the applicability and safety of the PEGylation
technology. This review presents overview of PEGylation
technology and addresses characteristics of PEGylation
methods applied for the development of several protein drugs.
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ORE A Tlszo] bRl we} whiiejolgo] i Ul 9
OREAOIA ] HIFE vhdo] AR 2L I, 2007 Nature
Biotechnology #1'dell Wid A}5e] W= 2006 715
o7 AujE 109 g ool BEMAE 2JokEl sd
She Tl ololE-L- Aoj 237 oo, o]F ook
O] AP iR 5209 2RIE ZIEASRIC (1], Pl HIS
QA AR Qs T8 T oJokEg AT HH, Frte]
2 PEE X EARE AREE SR s g
©]ekE<] Enbrel” (Amgen), Remicade®™ (J&J), Humira®
(Abbott) 5-2] 3} tumor necrosis factor (TNF)-aAE 2JeRE,
Epogen® (Amgen), Procrit” J&J), Aranesp® (Amgen) 52}
erythropoietin (EPO) A& 2JFE, Novolin® (Novo Nordisk),
Humulin® (Lilly), Lantus” (Sanofi Aventis) 52 91&¥
A ©JekE PEG-Intron® (Shering-Plough), Pegasys®
(Roche), Avonex” (Biogen Idec), Rebif® (Sereno) 52
ANE|FE SJOEE Neulasta” (Amgen) 2} Neupogen® (Amgen)
S 7 t)3xE = granulocyte-colony stimulating factor (G-
CSF) ¢JoEE, Rituxan®(Genentech), Herceptin® (Genentech),
Avastin® (Genentech) 52] AUAZ ANLEE ook
=0l vk

chalz) ook ofg] AglellA X ZA|ZA T3 $A|
£ ARRJaL Slar APeIX e 718 ARARY I SJekE Bt
W W 4t ARah glon, SleREe RN o B
AR, o B, AT Bh- SE A1 8 EE Rolo],
o s s} Bo) FARSIE RolgolA] B g
&l FAL Fof 7hAo] Fhre- 57} Wol gkt Eyo] A
Sha1, 7390l G S Ykl 50 213 Sjot
ozl f-84d0] s AlgkEle] gttt olejet EAH
& AT & Sl Wkke® JEE Ve shol vl
of] AA)ZEA 31AJe) poly(ethylene glycol) (PEG)S At
A)71%= PEGylation 7]%0]t} (Fig. 1).
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Fig. 1. Structure of PEGylated Protein.

PEGylation 7] 1977%d Abuchowski®} Davis7} X%
Al AT A Haxd o] F W Ag u)EE ofe] 1t
oleotEEE o R dAyHolE uH A e
(bioconjugation technology)Z2A] ¢F=2] &2 W] 571,
o 9 54 A, el S 5] mae s vl
ofelEel A AdE A FIATIE ViR T ol g
T}H2,3]. 19903l #%Z PEG-adenosine deaminase (Adagen®)
7} 7k 1% 19941 PEG-asparaginase (Oncaspar”), 2000
PEG-interferon o-2b (PEG-intron®), 20023 PEG-interferon
a-2a (Pegasys®), PEG-G-CSF (pegfilgrastim, Neulasta®),
PEG-growth hormone receptor antagonist (Pegvisomant,
Somavert®), 2004 PEG-anti-VEGF aptamer (Pegaptanib,
Macugen®), 2007 PEG-erythropoietin beta (Methoxy
polyethylene glycol-epoetin beta, Mircera®), 2008 PEG-

Table 1. Biopharmaceuticals developed by PEGylation technology

anti-TNF Fab (Certolozumab pegol, Cimzia®) 78] 3
201049l PEG-uricase (Pegloticase, Krystexxa®) &
o] PEGylation 7]%& o]-§3ato] 7hdrEof AlaE 1 gl
T} (Table 1). ©)% % Neulasta® ¢} Pegasys®+= ¢IviE 309
wefel 159 2 oS Sule ESHAET YokEelth
olF 2y vl 75k AoREES viEsl] 5]
531 9l PEG-5HA oJoRiE2- 71 A=A PEGylation
Mol W ote TS e a6 e
o 2 5 gl

2. PEGylation &3}

il zlo] PEGylationol] 93 757} AFE O EH ZIAIA H
= 79 HL (1) PEGATCRE QI3 w4 717 Ao
M AR ok Qlsh AlgelAl2] A (renal clearance)
o] iyl 1 A oFEe] d5 W] 7L (2) HIES Y
9] PEG7} @ wdoll A A7} 148k epitopeE
7V omy Folg thildo] Wrdsh= Moldd A4, (3)
PEGY] steric hindrance®l] 2Jafl A T3] &4 (proteolytic
enzyme) 2] F1Lo] Bolzl o &4 il F4 (proteolytic
enzymes)©l t$t QM543 Sk, (4) PEGE] 4 Aol 9
& FEoFelM e g3l 57 52 & YU [4,5] W
D og = PEGE At R QI3) oFEARg F8A9e] At
Fo| ol 11 o]o wpe} oFE AA|S] FAle] Fhadt 4= 9l
om PEGE Q3| oFEe] Fa7} v B3EA AL v A
48 niFEer wAo] ol YRItkE & & 7 vk [6]. ©1$k
L FARE FESAY HAs e WRkEe] v o

PEG conjugates (Product name) Manufacturer PEGylation Chemistry Disease Year
. . ® Linear PEG-5kDa, random, multiple Severe combined immunodeficiency

- ’ . 1990
PEG-adenosine deaminase (Adagen” )  Enzon amine PEGylation disease (SCID)

. Linear PEG-5kDa, random, multiple . .

- ’ ’ hoblastic 1 1994
PEG-asparaginase (Oncaspar®) Enzon amine PEGylation Acute lymphoblastic leukemia
PEG-interferon 6-2b (PEG-intron®) ~ Soncring-Plough/’ Lincar PEG-12kDa, random, mono. oo 2000

Enzon amine PEGylation
. ® Branched PEG-40kDa, random, .
- - ’ ’ 2002
PEG-interferon a-2a (Pegasys ) Roche/Nektar mono amine PEGylation Hepatitis C
. Linear PEG-20kDa, N-terminally .
PEG-G- ® ; . ” 2002
G-G-CSF (pegfilgrastim, Neulasta™)  Amgen site-specific PEGylation Neutropenia
PEG-growth hormone receptor antagonist Linear PEG-5kDa, random, multiple
- % : 7 ’ g 2002
(Pegvisomant, Somaven% Piizer amine PEGylation Acromegaly
PEG—antl-@VEGF aptamer (Pegaptanib, Pfizer Branched‘PEG—40kDe_1, random, Macular degencration 2004
Macugen™) mono amine PEGylation
PEG-erythropoietin beta Roch Linear PEG-30kDa, random, mono  Anemia associated with chronic 2007
(Methoxy PEG-epoetin beta, Mircera@‘) che amine PEGylation kidney disease
PEG-anti-TNF Fab UCB Branched PEG-40kDa, site-specific Rheumatoid arthritis and Crohn's 2008
(Certolozumab pegol, Cimzia") thiol PEGylation disease
PEG-uricase (Pegloticase, Krystexxa®) ~ Savient Linear PEG-10kDs, random, Chronic gout 2010

multiple amine PEGylation
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Table 2. Advantages and disadvantages of PEGylation technology

Advantages

Disadvantages

Approaches to overcome limitations

- Increased circulating half-life
- Reduced immunogenicity

- Increased proteolytic stability
- Enhanced aqueous solubility

- Loss of biological activity
- Incomplete characterization
- Polydispersity of PEG

- Site-specific PEGylation
- Development of analytical methods
- Monodisperse PEG

2 AT 910 (Table 2), FEHES A|TEZE T
2 v 5-2lol] MeiA o g PEGE AFAI71E site-specific
PEGylation®# 7} prodrug 718 2= PEGE A3AIFAH YA
el PEG7} @A 28 el w5 sk W Fo] 3l
o} [7]. B8 PEG $9E2]9 (synthetic polymer)2] 573
& BHEAM (polydispersity) & 7FAZE PEG 9=°] 714
274 9 A gt A ek Aol A E 4 Qivk
ofe] st At ® FHFo| TR (monodisperse)
PEG7} /= $lont, oba7hAli= Ak 4,00001°d2] S

A2 W5 5 QlThs BAPE Qo] fe0] S (3]

3. PEGE| 43} {4

PEGylation®] ©Ele]] mjx)i= ok PEG AHA|2] SAdo=
FH U2tk PEGE ditel 25715 7 EellH= &
ot} PEGE &3} 3718 (toluene, methylene chloride,
ethanol, acetone ‘§)%l =7 {35 9] E4olt}. PEG
= ethylene oxide (44 Da) 7-%7} W5 = Zojng o}
2Vd (polydispersity)E 7FA™, PEGY] theibde the &2
M B o 5 el sidshe 1.01~1.109] ad
St} 3HA|RE, PEGE] tHEAMI-2 PEGylationg F4f oloF
Fo 7 e v B4 25HE (heterogeneous mixture)S
Adehs dle] HE= 1A A B AT Sl ol
& 7HE 7 Stk

PEG+= QAo Fallsitar §]Fso] AlEelokamebdi o
FHE A ARGl 7k 2 QF He EAEEH 5 st
oty PEGE 574 Aol oJshd 241 400 Da ola}e]
< PEG AW alcohol dehydrogenase®l 213)] 5742 7141
diacid®} hydroxy acid OAHER AB8leo] w2 ajdEe= 2
o7 deA 9lont, B 1,000 o] PEGE o] A2 R
Ak ] okow] | Bolgt 592 VERA] b=t} [9]. wht
A1 1,000 Da ©)dolA] 40,000 Da H9]] PEG §-5A1= o
Al AR S Q= Eieel sl Eith B3k PEGE Q1A
of| A o] meddio] 9 vhe Fejmoltt [10,11]. Tl
AYHUE o PEGEAF A 2] B2 A o= <lsf &
2F A719) F7MlE Erekal e wAle doTIA
A5t FAle] 3|8 A AgE F9lE ViRoR Qlsf
o) 7= AT R Asrl7 1= gabks HeRdd 2]
A7 th=e] PEG-1HEA oF5-0) QlAkA|Elell ] PEGY]
gk A AAEITRE B |l

PEG AufollA] dpkd o=z F32] W3} glo] wjdHct
T dHA 1o, 7 A (clearance) WALl &3

F7 FoEch 2218 20 kDa ©|3ke] PEG = (urine) &
5l 2 =, R E PEGE =¥ £EE R
= 2 oS B vk PEGE] A Al S5 Al
zref A1 e] AAFTA] o3} 45 (glomerular filtration rate)©f]
ol zAs=, PEGE -8delA] thake] =ixkel 49
slod 3 (hydrodynamic radius)o] AR g whizl
o Hlal e BAEF e AlalA) o3 SE7) ge] =
2} [12,13].

PEGylation®l] A-881= PEGE URFA O 9i&0] 7|5
312 Wl 195 methoxy group 2% A28t monomethoxy
PEG (mPEG)Z AMHE&h, the ¢ & it dEv]e v
At speka] WS-8 8 4= gl 7% 71E fEAlskelo] AR
st} wlebd 289 PEG 7156712 8F8HA wkgAlel whet
whanz o) A9yt Aot PEGAY 915 el ¥=
FQ opa| Ak 2]+ lysine, cysteine, histidine, N-terminal
amino group, C-terminal carboxylic acid®|t}. 52]8}=
PEGylation %-$1°) wh} thefst PEG F2A7F 483t
¥o] glon whala At F-9] (amine, thiol, N-terminus -5),
PEG conjugate] 417} oFE5# 84 EA, multi-PEG
species (PEG-mers)®} positional-PEG isomer®] 8/, PEG
conjugate?] W39 5-& este] AEE PEG A
A7Jo] Fasitt.

chalAle] PEGE ATA1717] st HA o= 71 o] o]
453 H-9]3= lysine (Lys) 2714} N-terminusol] <SA8H=
primary amino group®]th. ©] -912] PEGylation-s #1314
= PEG-carboxylic acid®] N-hydroxysuccinimide (NHS)
ester AP} 71 wo) o8t Tl st PEG-NHS ester
SAzre] RS Tz 9] [ys ZH7|Lh N-terminus | A
&= primary amine?| nucleophilic attack®ll 2J3 LofubH,
Aol pH 7~99] GoiFellA Rhgo] 2k dofudtt [14].
PEG-NHS &%= &2 9] primary amine®l] 72112 S,
7 Agslo] A9 E 2dsly] dETh wepd 54 59
uke g7l B9 2 8] falrlE Solddl 7svlE 7
PEG fr=Al7h dasit,

th A1) N-terminus TFS- 21917 © 2 PEGylationdl= W+
O 7= PEG-aldehyde 5547} Eo| o8t} PEG-aldehyde
2 0]}k N-terminal PEGylation 5~ 5~20 mM sodium
cyanoborohydride (NaCNBH3)< $-3-8F p 5~62] €45
ol 5] S o]Fo]Ar}[15,16]. ©] HHS~2 N-terminal o-amine
7} Lys9] e-amine?te] pKa2l #}o]E o]g-afo] o] FolA|
=), YHHA 0 F A o) Noterminal o-NH»> 2] pKai= oF
7.6~8.0 A5 lysine 77| primary amine (sNH2)2] pK,
(10.0~10.2)%} o1& Helvtk, b mPEG-NHS ester 1%
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Ak WAl YRR pH 8 oVdelri= eNHyo] HA] HES-
SEAIRE, pH 5-6 A= e NH, Q] HHgo] iAo 7 o
FAEICE. o]2f et A4S 0]-83810] N-terminus$} Lys 7+2]
dEAQl whg- Z™o] 7kssltt [17,18].

Ao free cysteine (Cys)©] EAIGHE 739 Cys 2] thiol
(-SH)& B2 3}o] PEGylation ¥F2-0] 7F53}. Thiol
PEGylations I3} AM=1= PEG -=AZ3= PEG-maleimide,
PEG-vinylsulfone, PEG-iodoacetamide, PEG-pyridyldisulfide
7} t)E A o]t} [19]. PEG-maleimide, PEG-iodoacetamide,
PEG-vinylsulfone&- @43} PEG7H H43} thioether
A%E g5k wbd, PEG-pyridyldisulfidet= disulfide 2
T8 AJEld Aol glutathione ol 28l g2 = Q)
T} [20]. LREA 02 chilzlo) free Cyso| EASHA] k= A%
7} o221 dl, o] Z-folli= site-directed mutagenesis©ll
oJ8f Cys W15 574 AXoll B3 F, o] ol Mz
S% PEGE AF71= ol 2 S8t} [21]. Thiol
PEGylation>- T140] A& F-$lofl FEE wjA|A] o=
-9l e o PpEGE] Aflo] 7hsslng B4 Ashs
F A3 7AW 157 9 el s 5o dshke
'9E Foldl 4= Sl A9HQ site-specific PEGylation
who] #rt,

S (glycoprotein) 2] 7%  (carbohydrate) -7}
site-specific PEGylation®] B} ¥-$7} 2 <= 9t} [22].
& glucose oxidaseU sodium periodate S ©]-&-31o] 38+
Ao sbslel & A aldehyde group©l PEG-hydrazide
£ RE3A79A hydrazone 23S 8443H= PEG conjugate =
THs = Utk Hydrazone ‘A3 sodium cyanoborohydridel]
oJal & t] Y 122 alkyl hydrazide® |31, Schiff’s
baset= $A%°] secondary amineS HAIFICEH

PEGylation RF-g-& 913 gntd o2 X% (linear
structure)®] PEG7} 2 AREEL, F o= 7S 7%
(branched structure) = W33 et 729 PEG FAllE
o] 7Pk 11 )Y} [19]. Monfardini ef al& o}] A} Lys )]
o-amine ™} e-amine®] 217} A8 PEGE amide bond 2 23}t
AR Y 7EE PEsISiET, o] 3 LysS C-terminal
& NHS-ester® X|3310] FEAE HERFE] ¥E7|o)
PEG #AFg0] 60 kDa7H] Bl 3R] PEG +5A1E
e 5 T [20]. 78 T2 PEGE A8 & PEG] 1)
3 drEsiad 9 e ke S3o] 94
wnzle] QMY dd W WA A adpt A, s
o] AgEE7]e) 5 719) PEG chaing A= &2
7¥%¢} PEG ATA| ©iz] g4 Ast a3E AL <= Q)
= A& 7RI,

.78 PEG-EE 9ok

4.1. PEG-adenosine deaminase (Adagen®)

Adagen®&- PEGylation 7]4& ©]23}o] 7dks 3 WA 9
o1%© 2 bovine adenosine deaminase©l Ex2F 5 kDa2)
PEG o8] #4155 A3AI7 9= PEG-adenosine deaminases

E TR st AdA {431 severe combined
immunodeficiency disease (SCID)2] X EA|Z AR Q)
T} [23,24]. PEG-adenosine deaminasei= PEGylationS %3l
olFth o] Yehfs dedAdE Folar, e g%
W75 T4 S7AA 958 X 28395 YR}, Bovine
adenosine deaminasei= PF-220) AUFARA] G5 W)
7} 308 AuA] s HAEE FS dT1E 7R HhE,
PEG-adenosine deaminaset= 8% RE717} ¢F 28A|17k0 =
ok s6Hll A% 71 ¥RIZIE VERRH [25].

4.2. PEG-asparaginase (Oncaspar®)

Oncaspar®t T4 BEZ74 WY (acute lymphoblastic
leukemia) A5AZ ARSI, L-asparaginase®l] T4 5 kDa
9] PEG ©i2] #2F& 2A3A|# RhE PEG-L-asparaginases &
FAE0 7 gt} o] oHE K3 PEGylationS: B4 E. coli B&
= Erwinia caratovora®llX] A3AFEE L-asparaginase 2] ¢
S AA o)z, dde] "3 v71E A F7HAIA
t}[26]. HE]| EAFAMA| L-asparaginaset™ 85 W17}
ok 2 9A]71o] e HHA| PEG-L-asparaginaset 2F 5641712
e WP 1E YERIT [27], SV L-asparaginase
o] ¥z w717} ok 20412101314 RbA, PEG-L-asparaginase
= 9F 357/ dF W E vER ok 18819 SHE
eI [28]. wekA] 7]59] L-asparaginase YT-A 0]
2~3¥ FoJE]= 7o) 1|8l PEG-L-asparaginaset 257 1%
Folxlo] gxtel S AA NAAE = AT 5
L-asparaginase F9JA] YR} toxic hypersensitivity &=
PEG-L-asparaginase A ZA] 78151} [26].

4.3. PEG-interferon alfa-2b (PEG-Intron”)

C& 713 (hepatitis C) X|EAZ AM-%|1L 9J3= PEG-Intron®
2 A 2T F 9ekEo] 5 kDal] PEGE thiH oz
AR A3} e 12 kDa2] PEGE Wil ¥ald & ¥4}
A3tA17] mono-PEG-interferon alfa-2b5 F4F0 2 it}
PEGylating agent = mPEG-succinimidyl carbonate (12 kDa)
5 AME3193.21, sodium phosphate buffer (pH 6.5)el14 A==
31912 ) mono-PEG-interferon 594 PEG ZAE$=]7}
thE 14712] f1X]0]/dAA) (positional isomer)7} AY/d o]
BRI, 71 F histidine-34 $IX[o)] 47%F 7V & AT
S k= Aow BAEAT [29-31]. Mono-PEG-interferon
alfa-2b2] in vitro 3L native interferon alfa-2b2] 28%21
7107 vepdo), e delx PEG-Intron” 2] 3% izt
71 2k 40A17k0 . 712 Tntron Aol B8l oF 108 o)
2 WRE S BSIT}H[32]. 012 v R 7IE Intron A= 29
of 3 FAF W= ¥bH | PEG-Intron™S AFYUe) 3F ¥
FARSo] B4t HeldS A S7HAIZTE. Histidine $14]
o Z2gs PEGH AR 8-olA AR Bk £
317] wiitel o] gekEE FAUX AR JLESIH

4.4. PEG-interferon alfa-2a (Pegasys”)
Pegasys®+ PEG-Intron”°f] AFS-¥ interferon alfa-2b%} o}]
Ak Ago] 37t TR interferon alfa-2aS ARE3lo] A%
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% PEG-interferon alfa-2a% F4F 0.2 sl vz7x]| =2
C¥ 749 AFAZ ARE-E T Q) A4 PEGylation 3
= BX)%F 5 kDa mPEGE ©]-&3}9] PEG-5K-interferon
alfa-2a7} V277K Z18=|Ql oL}, 7|Ee] QIE|FE 2ok
# (Roferon-A")oll H]3} F:315} ok2eejala) E4u} X7
ayke] v a3 AR F3l FHEIct ol F dF vt
718 2 S7RI717) ek BROR A7)7F & PEGS] 23}
g A7 9y, FFR o B 20 kDal] PEG T
A7) 78 o2 A 40 kDa2] branched succinimidyl
PEG (PEG2-NHS)E ZEA1Z] mono-PEG-interferon alfa-2a
7} /=i [33]. PEG2-NHS interferon alfa-2a°l 4]
(PEG ' &¥izly 3:15 50 mM sodium borate buffer (pH 9)°1|
A RESAIZE uf, A dZ 45-50%¢) 3EEh= mono-
PEG-interferon alfa-2a”7} Qo806 PEG A%k 0 H-9
= Lys-31, Lys-121, Lys-131, Lys-13491 210 & W&)5T} [34],
=, TH ARV 4FF77F EAlSH: A o= #IFH<S]
o1, o]z PEG-5000% ATAIZS W Ad¥ mono-PEG-
interferon alfa-2a2] $X|o|AAA FHI} 117AIRH Ao
Hlsl - AL of] gt [35]. o= PEG2-NHS®] =
718} 718 %2 1%t steric hindranceZ 213} PEGylation
HEE-Eo] Yolx)7] w0 HQit} 3 PEG2-NHS 9] 7%
+ A343% mono-PEG-interferon alfa-2a®] S84 A&
ABIAA in vitro B native interferontH] 7% AUA]
ob= AFE /BT 19 Pegasys™ = QPFAIToA &
2 WH7171 61-110A17E 0.7 AAnk7)7} 27.2~39.3 417
ol PEG-Intron® 8T} 28 o4k 71 9171715 el [36).
Pegasys” 2] PEG-interferon alfa-2a’= PEGS} whaialzto] st
of ot QAdo] Fof Ao T AFshE o] Akt

4.5. PEG-G-CSF (Neulasta®)

Neulasta®= E. coliol¥] BAF8) recombinant methionyl human
granulocyte colony stimulating factor (rmetHuG-CSF, 5%
3 Filgrastim®) 2] N-terminus®] 20 kDa%] PEGE A& o
% ZAZAIX] mono-PEG-rmetHuG-CSFE %02 51
hkxlge] o3t 57 (neutropenia) X 55 3l
AREEIT) [37]. A N AEES E5 A lysine
el PEGE F-2914 02 AA7]E WS ol 889
g, Neulasta®= mPEG-aldehyde =415 o]831o] pH 59
sodium acetate bufferolx] A1 sodium cyanoborohydride
LAYStel alkylation WEE-of 213l T N-terminus®] -
amine®l| PEGE Mo 7 AFA|7|= RS o] 8313
o} (Fig. 2) [17]. A22<) N-terminal PEGylation< N-terminus
2} o-amino group®] pKa (7.6~8.0)%} lysine®] e-amino group
2] pKa (10.0~10.2) xol& o] g3t pH 52] AHd 2=2d0)4]
o1 FoIRIE. 221 §hg-E F4l mono-PEG-G-CSF= 90%
olge] AzSEE Bieh (18]

Filgrastim e T49%-2 % 8= Neupogen”> dZ W17
7} 3.5~38A1KEQZ wll- Fo} vl AR Fofdlol Fi=),
PEG-Filgrastime 404 2 31 Neulasta® = /3230
A EE R 463621478 YERge] 3leted] 19
13] A} (one injection per chemotherapy)®=. F1 T} [38].

O

Il
mPEG—(CH,),—CH + “NHZENHZ

mPEG-aldehyde

mMPEG—(CH,),— CH = “NHZ tNH,

j NaCNBH,

MPEG—(CH,),— CH,— “NH2€NH2

PEG-G-CSF

Fig. 2. N-terminally site-specific PEGylation reaction process of
G-CSF.

4.6. Pegvisomant (Somavert®)

Somavert” = 374 F 22484 Z A (growth hormone
receptor antagonist)®l B2036 Al 4~67] A} 2;
& 5 kDag| PEGE AZAIAH Alx¥ PEG-B20365 T3
°7 slo] ekt (acromegaly) X ZAE ALE I}
Az 2R 584 (GHR)E 83289 27 49 79
(binding site 1 and 2)°] =2H 0= ZA7}sle] (site 100 YAb
Astet 5§ site 29 AF) receptor dimerization®} signal
transduction 7158 Sh= |, B2036 W2 binding site 2
of] &jld3l= glycine-120< lysine 0% *|85}31 (hGH G120K),
871 5 F7H 22 mutation A = GHR antagonist
ot} [39]. B2036 AL EF W77} 1520 0% v
% Zro} wixt71E Ee)7] $3l PEGylation®] A %=5%l5L,
467 H212] 5 kDa PEGE B20362] primary amino group
of thitA o 7 AFAIAH Y= Pegvisomanti= GHROl it
13k71 B2036 K.} 208 wiekout EF vl s 72~754]
7ro g AA) Z7FEE BT} [40,41]. Somavert®: )72
ol AP X E E= somatostatin A S o
A 5ol B-AAe Nke-& Holy Weh| Yl &A1e] X5
ARl Zlow vehdar gt [42].

4.7. Certolizumab pegol (Cimzia®)

Cimzia®+ 3TNF-a (anti-tumor necrosis factor-o) F =2
2 &4 (monoclonal antibody, mAb)2] Fab’ fragment
o ¥4 40 kDa2l PEGE ZA1%] PEG-Fab’ conjugate
= FAE0® 3o FulElad WA ABAE LS
t}. Certolizumab pegol TNF-a] Agste] F3A7]+
], membrane-bound TNFZ 538MA|7]+= Hi< etanercept
(Enbrel®)Hx} o} 7+ed3}1a1, soluble TNFE Z3HA7)4= H=
adalimumab (Humira®)#} infliximab (Remicade®) %t} T
723t o g Wit [43]. Certolizumab pegol = E. coli
oAl AR humanized anti-TNF-0, mAb2] Fab’ heavy chain
9] C-terminus 2279 9] cysteinel] 40 kDa®] branched
PEG-maleimideZ thioether linkage® Z3slo] Thsoizl
t} [44]. ©] PEGylation ¥F-$-2 Fab’ 2] cysteine®l| EA8H=
free thiolo] PEG-maleimideZ AE4] 07 A7 Z o
T A% 24 9] PEG-conjugate® > TEE e T 8l
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= ARE 7RIS QA 7EE 7K A9 2 Fab' > 2>
7|2 Q&) g w7t Add] -2 o, Certolizumab
pegol>- 23R PEGE Q13) QAN oF 1420] o]25= vkt
712 7t} [45]. webA 2] g W e ok ol o 9
FAREE 5= Qle AP oR gk UWHE o F A7} Fe
2ol EAlshe FHE A3l TEAIE wiks B3l Wk
A== d) W], Certolizumab pegol-> E. coliolx] AATE
1= Fab & A0 ThE anti-TNF-0 mAb 2]eFE<] Infliximab
(Remicade®), adalimumab (Humira®) ~12]31 TNF-o, receptor
9} Fe 5-919) AW A< etanercept (Enbrel®)¥} 1] i3]
T3 7H BAYE M ¢ ol e 7R Qi

5848

PEGylation 7|&2 @l o] g5 w|E 714173l Y
S ol R g digh QAT S8l
£ 7 5o ZHE Q& dly okFo] x| 53hA
O % M FARE AT H TAO R AEaTtE
S 71eRA QA% 3iTt. 1990'd0] ¥l PEG-
adenosine deaminase (Adagen®)$} olE 309 G oike
2] PEG-G-CSF (Neulasta®)& B|33}0] 2|77k wbj)
# 1078 PEG-conjugate 2]2FE-2 PEGylation 7]%2] ¢H4
E9} oA S ST B oA A E vbel o]
1990t} 7HdkEl SoREC ZHE 2000 U1E Hol LA
PEGylation 7]<=¢] el mhah Aj2g oJokso) /s
2} 1990\ off 7] 9JekEe] 5 kDad HlwA 2R &t
21719] PEGE ARE3F] non-specific multiple PEGylation
52 THE PEG-conjugates 302 ¢ o] %, 20003
Z7] 708 PEG-Intron®< 12 kDa2] PEGE ©hld ¥z}
3 3 2217} AE¥ mono-PEG-interferon alfa-2bs- /3%
o7 3jglor, 5 ofo} lE Pegasys®i= 20 kDa2] PEG
T BAE Q23| THE 40 kDa2l 7FA% PEGE T4 mono-
PEG-interferon alfa-2a= 7} 11 = 97171 v& 27}
g 9Jekzolg)tt. o]F Neulasta®= ©)d AFES0] 5 PEG
A7} F2-91 221 non-specific PEGylationd& o1&
3t A3} PEEA PEG-aldehydeS ©]-8-519 N-terminus©]]
gt AEH 02 PEGE ARAI7]E site-specific PEGylation
WS o] g3l nwd 2ol /Pt Cimzia®t 4
% 40 kDa2] 7}A|3 PEG-maleimie s ©]83} free cysteine
710l Bol# 92 PEGE AR site-specific PEGylation
WS o] 833ict. o el A A wle}l 2¢] PEGylation
le2 85 RP1E S7R1717] S8l 2717 A0, wE
A Aetg HAsY B4 79 FEE 98l PEG
ARTHE Aoz 243 & Qe 715718 7K PEG
FEARE sk 1 WS HAslshs WakoE Hhd
Hof g}, T3 o|gA R T|eEe] AlEse] 713t
o gitk= A& dAEA) e 9 2olRg B3l A &
4= 0t} 2k 2% PEGylation 7]&2 i oekxo] gy}
Q1 o dES fldl BS Wb Aol o]zl 7|&
0] BE o vt whily okzo] A gujo] 93t nlo] Q.

o3

N

oloVE e Fus 4 Zolet seeet,

At

o] =2 20118PdE Aot SadTulxl el 2lsiel
AT
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