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Abstract High value-added therapeutic proteins have been
leading the biologics industry and occupied major portion of
the market. More than 60% of the currently available protein
therapeutics are glycoproteins attached with glycans which
play crucial roles for the protein folding, therapeutic ef-
ficacy, in vivo half-life and immunogenecity. This review
introduces the process of glycosylation and the impacts of
glycans in the aspects of therapeutics. The important glycan
structures in therapeutic performances were also summarized
focusing on three representative categories of glycoproteins,
cytokines, therapeutic antibody and enzyme. Currently,
mammalian expression systems such as Chinese hamster
ovary cells are preferred for the production of therapeutic
glycoproteins due to their ability to synthesize glycans
having similar structures with human type glycans. How-
ever, recent advances of plant glycoengineering to overcome
the limitation originating from different glycan structures
will soon allow to develop more efficient and economic
plant-based production systems for therapeutic glycoproteins.
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of "pol e oJofFEE T2 A2 HulESEA 2010
A FEZE 13009 Fefof o] & AL
AA AdH NEe ses
o ZA4 o] & Holth. o]gjat MEIH ©
F 60% o4& FAEol $rhE G Aol A3t
I 9lon, FF o] H|FL 70% oA R Eold Aow
o i
2L 88 A, 2R} (erythropoietin; EPO), 1E] T
2, P FLZ2 YRR} (granulocyte-colony stimulating
factor; G-CSF), HZAFETER, G4 A8A Fo| Ut
(Table 1).
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Table 1 Therapeutic glycoproteins in market

Class Glycoproteins Product (Company) Indication
Cytokine EPO Epogen (Amgen, Kirin) Anemia
Procrit/Eprex (Johnson & Johnson, Schering-Plough)
NeoRecormon (Roche)
Engineered EPO Aranesp (Amgen) Anemia

Interferon a

Interferon (31a

Micera (Hoffmann-La Roche)
Wellferon (Wellcome)

Avonex (Biogen Idec)
Betaseron (Shering AG, Berlex)
Rebif (Merck Serono)

Chronic hepatitis C

Multiple sclerosis

Antibody & Fusion  anti-VEGF Avastin (Genentech) Cancer
protein anti-EGFR Erbitux (Imclone/BMS) Cancer
Vectibix (Amgen)
anti-HER2 Herceptin (Genentech) Breast cancer
anti-TNFa Humira (Abbott) Rheumatoid arthritis & Crohn’s
Remicade (Centocor, Johnson & Johnson) disease
anti-CD20 Rituxan (Genentech, IDEC) Non-Hodgkin’s lymphoma
Anti-C5 Ab Soliris (Alexion) Paroxysmal nocturnal
hemoglobinuria
Anti-RSV Synagis (Medlmmune) Respiratory syncytial virus
Anti-VLA4 Tysabri (Biogen IDEC) Multiple sclerosis
Fc Fusion Protein Arcalyst (Regeneron) Cryoporin-associated periodic
syndromes
Enbrel (Amgen) Rheumatoid arthritis
Orencia (Brystol-Myers Squibb)
Enzyme Gluco-cerebrosidase  Cerezyme (Genzyme) Gaucher disease

a-Galactosidase

Iduronate sulfatase

0-Glucosidase

Fabrazyme (Genzyme)
Replagal (TKT/Shire)
Elaprase (Shire)

Myozyme (Genzyme)

Fabry disease

Hunter syndrome

Pompe disease

Galsulfase Naglazyme (Biomarin) MPS VI
tPA TNKase (Biogen IDEC) Multiple sclerosis
zpo] golahi AR Adto] 5T dAFOIL & AIESR Aol Aele 11 A7k TAbe] A4k u] 8, 9l
mop Ao mAESS AR nYsARE A § A =& HielB A9 ZefolR 5O oY THeA
Ao Ba FHNASS BHYOE AN ofele B HZ4W BANS T ok W, 4B A9 Ay
wAdES 23 ok e 224 (endoplasmic  §Oo= ThFe] Tl A S-S Hpolg A9t ZefolR Fof &
reticulum; ER)9} 2|3 (Golgi apparaus) 9} 22 7] 7o) ¢ glo] B ThjWL o2 AT 5 Qi =4 4
Qi ANAEEA FAS R7h Seo] glon], A AVI&RA Atk A4S 2 Ak AR, A2
=0 AR oA S Ak & QAT A = AL ol 27] N-FESE B o] fofl A& ZAA oA A
W 2229 9] 07| -T2 E}Q] (high-mannose type) PE = FAE 4 BAo] It FEbA A= 5olF
o] A&l HrtE = ZAMS 2 Sl QL AR 7HAIZE FrHE G o] 2dt AE S0l Al A
wahd, A7) grEe) olorg PHMAse QA7 &8 oA FUA AYA G gL we Hags qu
H] 528t GARE o] F71E= CHO (chinese hamster ovary)  7Fs/do] 7] wiZof A& Sol4¢l YAks AT 4=
Az 5o sEAZAA F2 AR ek et A E AASH, AXE e Fo] A4 (glycosyltransferase)
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of FAESo] FItEE Wl
25} (N-linked or O-linked glycosylation)
of 7 7HA FEj7E lew, AlE o] Al W &
A g o shutE A A ok o & FAEs B
Table 20] A= A} o] GakE P4 & F7} |
Ul oF7he zol7t qlow, ofF dul A o) N-A
Aok dhude] 24, whu o] ol 9 ghehulo) 4
2] &7 (translocation), Tr 2 =2 24 (proteln quality
control), T2 o] 21w} gl Tkl o] ZF (sorting)
of #ojste= Fa3r A HAUZCIT (Helenius and
Aebi 2004; Kelleher et al. 2007; Kelleher and Gilmore 1994).
A Eof A GAFE O A& A oF A Ao A] o]
20]x =1 (Helenius and Aebi 2004), N-F A& A 9] A
22 Az Ao A &8 & 3] & A4 (dolichol pyrophosphate,
PP-Dol)o]] ALG (Asparagine-Linked Glycosylation)= 8 %l
AHO ALG T A o] &4 (glycosyltransferase) S 0] N-OFA|
Y2 ZFAM (N-acetylglucosamine, GlcNAc), =2 (mannose,
Man), L= (glucose, Glo) 5 F7}ste], FFHo g
A A AZAE &2 1 (lipid-linked oligosaccharide; LLO)
e o] 23 AFS 9] GlesMangGleNAcy-PP-Dol & HA 5}

ma i)

}L

A Elth (Helenius and Aebi 2004). o] & &1 A3 A
St okt 2ol Al ©AZ Uiro] AT 4 ok A
Ao A Y] FAFE Y RS Al ZA (cytoplasm) o] 774
o] ALG HAolas (glycosyltransferase: ALG7, ALGI,
ALG2, ALGIL o]&fo] m] s+g% 37§9] ALG)oll 2sf
MansGlcNAc-PP-Dol FE| 2 A& o] A= THA
SA oA = AlZE ol A &/ E MansGleNAc,-PP-Dol & Ej
o] AlLo] ATP 9)&Z 9] flippase Rftlo] &3] AEA|
o} ob&0] 2wl (lumen) .2 Z2|3 (flipping)E 32, Tl o]
So17F GAFE ol XA Yol EAsH= U A] 67H—4 ot

*EEEH A 2tolA| (mannosyltransferase)l ALG T2 0]

a4 (ALG3, ALGY, ALG12, ALG6, ALGS, ALG10)o] 2]3}
4719 Tt A9l 37)19] Exto] £AA o0 Z AT E o] Z
226 22X GlesManyGleNAcy-PP-Dol = A etA S o) 2=
Aoz ShAE Za2 u 2ol x| AT AAE Saug
a3 A Fulo|A 87) o] HH fYl (subunit) & =
T E3A FE Y a4 &ejag dola s (oligo-
saccharyltransferase)of] &J3f Thalz A4S Q3 EdiAz
F (translocon) A|2AE] 02 HE HAE o] 1} 2= N-x-S/T
E3Z 55k HEFO| = (nascent polypeptide) 2] N-TF23E A
A (sequon)of| 3t H (en bloc)o] A Hr} (Chavan et al
2005; Helenius and Aebi 2004).

SEANA A NgAIEo] 48 Aefo =k 4
EAo A SFFZIA A (a-glucosidase 1, Glslp ; a-glucosidase
I, Gls2p)@} Th=A|tholA| (a-mannosidase I, Mnslp)o] 9]
= Z2IA Z+ ] gl ok A x}7]94 olH Eg]uol (trimming)

O

o _1

S E3] old =2 x4 342l calnexin/calreticulin
cycleS 3t &, 52 22 MansGleNAc, FEf o] A
S 7= de] 299 Feo TR A=, 1

T ZAAZ ZHAAA Hrt (Aebi et al. 2010; Ruddock and
Molinari 2006).

aBA N BAAR o537 A7HA e T N-
GALS QTS 319 AE WEQl HHO|A EEAX
a2|al AEo o]27] 7HA] Ao TR B AA o]

Table 2 Comparison of N-linked and O-linked glycosylation mechanisms

N-glycosylation

O-glycosylation

Glycan acceptor

Premature peptide

Matured protein

Asn-Xaa-Ser/Thr

Acceptor sequon

Glycan donors

Location

Related mechanism

Premature status
(Unfolded protein)

Protein folding status

Endoplasmic reticulum
Golgi apparatus

Protein translation

Ser/Thr

(Xaa#Pro)

Lipid-linked oligosaccharides
Nucleotide-sugars

Nucleotide-sugars

Golgi apparatus

Protein phosphorylation

Folded status
(Folded protein)
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FAqE 223

FAE S x% LRI lxl A °ﬂ A ThA] MansGleNAc,
FHE EyET 28 7o =L FEo| F7t
Hed, o 5&, AE, 2% 19 a8 5 7
Eo]A Q] FAlEo] FA H} (Fig. 1) (Gomord et al. 2010).
TAA A dojrb= FAFE 4] B E FolA A
£9 Fx2& HE gt Hed, F2 AL-veAY

(high-mannose type), 3}°| B8] =& (hydrid type) Y E?}}—aﬂ
(complex type) GAIES Al 1
(Fig. 1). ol oz Aa 9 ZFAEq A= %%UP&
% (paucimannosidic) &} GAbE & Zb= FEM A S| H
71 % 3tc} (Gomord et al. 2010). o] &3k £of wE A}
& AR o) Aol BRG] EASHE P 2
3t B0l l g o] A (glycosyltransferase)=of] 23l 2
e, @7 HaE A4 o] o] axse
+ N-acetylglucosaminyltransferase (GNT), [3-galactosyltransferase
(B-GALT), a-fucosyltransferase (a-FUCT), a-sialyltransferase
(SIALT), B-xylosyltransferase (XYLT) 5-¢] 9loH, Z} a4
2 t}ofsl olo]4™ (isomer)E0] £A gt

AgolA AAEE gerde) 49 FEA|Ee} 92
ghul g o) opavtetzl Av)o] AgHEel 9 A WA N-
oM FFZAMI O a(1,3)-F 2 (fucose) 7} A8H7] =

m{m
|o
U
-
A
o
>
j

3tH, THl= A o] (mannose core) bisecting®f [B(1,2)-Z}

d
22 (xylose), O] N-opA|EZFAAN 7ofl= B
(13)-ZFEX (galactose) 9F a(l4)-F22~ 2AFS 72t=
23 GAME X (complex glycan structure) S 2t Ao
2 R E Q) (Fig. 1) (Gomord et al. 2010). E3F =X
o4 BAE FTAY AR B Ao AT
Fol B3 ZSEAL BihEs] A B2 Fo] A%
(vacuole) = O] Fol A AY WA N-GAEO] W
Aol o] MAYSE o4 Bata Fasol o o

o} A& Eo|H¢l YAlE ALRELE B(1,2)-AYEA,
(13)-F32 2 A Lewis a (Le") &Y So] &d3HA o
E719k Q7 @A oA et HeddE e A

oz g
#A qlow, TuEAE o de FAE FUS SolHo
2 A4S FASS A A2 gunae Aggo
2 0lA8}R] Eat= Ao g BuE I ¢tk (Jin et al. 2008)

g4 olobg FerNa W AR PAS Enao
2 ] oA WY RGeS 4o & Uk AE
Solzel FHo] Bk FUAE AAGIL, cAteh Fal
28 A T 5 9 gl Bk RS £t
FEAZS GAR N-GAE ATA AAUZS 2 4

o
A4 o] @A o 1 It} (Saint-Jore-Dupas et al.
2007). ArabidopsisE ©]&-3}o] A& Eo|Z el gAlL A}

Aol AT Wol % A, ofel F| 4Fe 49 RNA

Complex N-glycans

N-X-SIT

Yeast

trans Golgi

Media Golgi

cis-Golgi

® o / X-SIT

N-X-SIT

Endoplasmic
reticulum

N-X-SIT

High-mannose N-glycans
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N-X -SIT
Paucimannosidic T
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Gal Xylc

Fig. 1 Dominant N-glycosylation pathways of yeast, insect, plant and vertebrate. N-glycosylation pathways in ER are conserved among
different taxonomic groups but the different modifications in Golgi lead to diverse glycan structures. Symbols used for glycans are those
suggested by the Consortium for Functional Glycomics (htpp://www.functionalglycomics.org/)
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interference (RNAi)<

o] 43} a(1,3)-FucT, B(1,2)-XylT &4
7o) whaf 714 A, 223 4
1

g2 A EoA ATA FHR =
4)- 2 E A QL A4 (sialic acid)
St A 29 =¢ W CMP-NeuAc transporter?] & A] 7]
53 22 oot AW B A5l 235
AT} (Gomord et al. 2010).

Bae gee ok APAVL WA Fo
Ho] ofup N-AT AL B 0-341% )

o 2AAo A 25| Exfo] Bt o] AL
=2 %\-x o] A7} L35l S0 Atk E3F N-x-S/TQ
AR AT G NGAST e serineo] Lt
threomne E9] Ala YAbo) DEo] A R A=) 3§

ql, B3 olu A5 9] EAS H W serine} threonine
2 YeR} A proline® 2 Wz g2
Uehbe 548 20 Qo4 ol Aokt 2e 1w
M=) it} (Julenius et al. 2005). &
0Ye B BROIA WRT A 2§70 Ao

o et AFEE 0-RAE ] A
E°ﬂ£ Eotal 22 Aol 0-FA S} wh3-o] Yot
= H% th (Ernst et al. 1992).

0o E o2 5L oS choke A2 el
Urtehe Aolth BRelA 14 Ho] RobEE SA%
L H2A] gdozZ W AL GalNAcO] serined} threonine
o] Ak iAol AZHWA 051 717} A2
ol9lofE G SofA] Wo] BrlEs O-Ttie A YAIS S
MEstel 0-22 0, 0-FT2 W AZA S|4 o
oJUb= 0-GleNAc PAMS S B E3E thofFat 259 0-9
Abgo] EAfgttt. tholrt hydroxylation ¥F-g-C & HEPH
o}u] 1= AFQ] hydroxylysine©| U+ hydroxyproline @] AkA =}

TEAE Sl B,
)

o e

o= 12
4

o 0-FAtzol AR )% Fh 53], hydroxyprolineo]
gL So| AAHE 0-

o}g}H] = A (arabinose) =

Clearance of
desialylated glycoprotein

Ashwell receptor
(Asialoglycoprotein receptor)

A AR gr s ol Wk Aoz
el ek @AZHA ATE I G FEAZA A YA
oobg gehu WA F2 WAL oGS HA B
oz thuy & HEe Aol Lrbwn
AL XIS Mol SR8 Algat
o go] 2aE Gase Wkl Aetito] A3
(capping) =/, B} Wl Al Fera ol £ A
st 58, FAL TS AR

Foode 289
o 3Fe ‘5]_‘—— Ao

i

g
v
e}
I
gl

Abo il BA
o= H]A| G AFF Tl A (asialoglycoprotein)
% shuldlel AR (Fi ), o] +4

_\|l_
'
iy

548 717 9He] QFoz
1970%4011 2 " A3 Ashwell 1429 o] 2L A
Ashwell 4= Z]7| = st} (Ashwell and Kawasaki
1978). ‘“’”\Va\ ko] AJLAE Y] o] R et o
oFEFo AW A& 25k fzol ofo] it g
AFEo] AHFEHAATE, Ashwell =871 QA ol A
AAlZ Saste Aol ik SAZE Be Rl A 53
Lol dojr}. 2008 UCSDE Marth 4 04?-“5:‘,0
SA7E BHA Aol A fFEE ¥
oA AEEE ROl JTE 3
3}t (Grewal et al. 2008). &= 5=
O &2 g FLo (Streptococcus pneumoniae)S Ashwell 4=
A7k A% Knockout A Fofl ZHA 719, Alat2] EH
Q= AN YA A a4 (neuraminidase, NanA)7} & AT}
von Willebrand factor (VWF)Q] A LA A ASHHA &
Y FAE FEF “oEA 33 (disseminated
H& 2 =53l

i

rl

Ashwell =&

L et

_E
i 4
_|>L

1e o é

Mo
y =

OPO Ml E o

intravascular coagulation, DIC)"7} =2

Fast clearance Slow clearance

@ Sialic acid
O Galactose
H GIcNAc

@© Mannose

Fig. 2 Clearance of desialylated glycoprotein by asialoglycoprotein receptor. Exposed galactose residues of glycans are recognized by
asialoglycoprotein receptors located in the liver, resulting in the rapid clearance of desialylated glycoproteins. In contrast, glycoproteins
capped with terminal sialic acid usually display long half-life in serum
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F AT ol A= Ashwell =8| 7} Al g4ko] A
FE aatd o= A|AsHA DICE 7
gEg A EofFdnh
Zholl EA sk Ashwell =83 AlLAto]
A ] H2he ek
J W= A gge ok shARE
| AFEAR s ol AW A%
3 °1 Z‘LO}XI AL otym, ke AU GIleNAc O 2 E4
o= AW R&Ado] gropxlckal HartE o] ik
‘3101] EA o= Wi g Qv A A% dY §
Thle 29} GleNAcol AgajA whg S22 s Je
WS goof A A| A%t} (Rademacher 1993; Jones et al.
2007). FAFSHAl AT Al (reticuloendothelial system)S
FHAE WH=20F GleNAcE Tehof| 717l gehufz o
A A7 &= ket (Maynard and Baenziger 1981).
2 vpo] L EEWAE Q] EPO+= A& oA THE
1A= 2EAAZA ofA WIF Aol vhd A gkt
ol A==, EPOS] AW A &S AlEA 771 A4
Lol mje RstA wk3gteh A Fo A AT Hiof
T2W Aoz Algite] B7HE EPO&= 5~6 A7HY
AW B 71 E Zhe W, Al gAke] A A E EPO+= 24 ©]
o] AU ¥t77]E zh=t} (Erbayraktar et al. 2003). £3],
GleNAc T 7)7F A4 = T 719 eHe|u F£% (bi-antennary)
o] A& H|afA] 47) 9] otE|L} G X (tetra-antennary)o]
Alato] R7bE Ao AW o] wom, AW A%
A 9 7 Ao Ueth EPOE AlgAt o] ==
5 AU AHA4dol o AA dehded], o= EPO9}
EPO =&A|£}0] AghE oFShA|7]= Yol oA A|
AFLe £57} 7457 gEo|tt (Elliott et al. 2004). ¢
HE o] & o] &stol 22 Ad EPO A& Epogen®] 2t
Al AlEoz 2718 GASH AAE B =Ysho] A4
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_/
<NR\[R”™
4 4

71 AranespE 7fYsto] JFHOR
alabgich ( ig. 3). Aranesp= A|LAF FFY] F7F 9
Adtgo] AR oW, in vivo A5

o] Zd =t (Elhott et al. 2004). Aranesp+= 2001 of A
= Aol =YF ol mjEo]l H4%4 skl Epogenit
Procritsh 22 7 E 2elAY ABES AN T WAEA
o AFom S3stel YA Foto] AxF B o
ohgel 4% Wkl RAA WAL UFe F=
£29l A7k |3t

OlA|of 2 ZA5}= A YAFE N-acetylneuraminic acid
(NGU5AC)°]U4, ATt AR e Z RN 4 F

2 &5+ N-glycolylneuraminic acid (Neu5Ge)= A 9] &
ZE A ¢k=t}. NeuSAce= B3} AGLA Q] CMP-NeuSAc =
A4 3lE] Zof CMP-NeuSAc hydroxylase (CMAH) $ 4]
O3 A] CMP-Neu5Ge2 ZZE th (Fig. 4A). ©] CMAH &
AR AWAL AR FE 244 AWAT} 2ok
2 ol %, ¥ gxe] Wabo] Aojuhs] el 2 s0u
" A 2ol 6xHA A (exon)ol| A 92 bpe] DNAV} A
= SoHo 7l HAEA B|EASH E Ao =A =)
(Fig. 4B) (Chou et al. 2002). w}2}A], tjFE O £ {5 =9}
WA Fo dAFEE /5= NeuSGes QlF7¢t o)
EEL Ustel =g edtto] fdskA] J8tr] izl o=
v Q17 A|&AF (non-human sialic acid)2}xl 27| %= 3}
SHANE S50t HE AT FomH o] HIZE A4
= Aol g 4= 7] diZofl 2ol Atk 1A ol
%= NeuSGe7b EAsHH, oF 59 o] 240 Wol] &
3t} (Tangvoranuntakul et al. 2003). o] &3t o]-F-2 A W

o= NeusGeg FHoR A st= FA S0l A5},
A GAEC 2 NeuSGe7h F7HE A 23 o] Q14 Wof
FUEAE o v e ZAES FET 227 Uk

Prolonged in vivo half life

Fig. 3 Prolonged in vivo half-life of glycoengineered EPO (Aranesp). Amgen developed advanced version of EPO, Aranesp, which has
gained two additional N-glycosylation sites by changing the five amino acids. Aranesp has a threefold longer serum half-life due to
the decreased internalization by the receptor. Increased negative charges introduced by added sialic acids leads to the reduced receptor

binding through charge repulsion
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(A)
CMP-Neu5Ac synthetase

CMAH
(CMP-Neu5Ac hydroxylase)

NeuSAc —> CMP-Neu5Ac ———> CMP-Neu5Gc

OH

HO, bt CooH
HO, o
H YoH
"% H
CHRCONH HO H

H

N-acetylneuraminic acid

(B)

Inactivation of CMAH —

Expansion of brain volume

~2.1-2.2 mya

0 H
HOu COOH
HO, o
H VoH,
H™ %

CHZCONH Ho H
H

N-glycolylneuraminic acid

Chimpanzee (Neu5Ac/Neu5Gc)

Neanderthal man (Neu5Ac)

Human (Neu5Ac)

Fig. 4 Non-human sialic acid, N-glycolylneuraminic acid. (A) CMP-N-glycolylneuraminic acid (Neu5Gc) is generated from
CMP-N-acetylneuraminic acid (NeuSAc) by CMP-NeuSAc hydroxylase (CMAH). (B) Gene encoding CMAH was estimated to be
inactivated around ~2.8 million years ago (mya) shortly before the brain expansion began in human kind’s ancestry (~2.1-2.2 mya) (Chou

et al. 2002)

EA|2Z <2 CHO A% NeuSGeg 4T 5
7R AL Qlov R uiAo A Az dHAS
%! chal 2o F7hE] o] §l= NeuSGeo
o3 wjujgh =0 2 AHEC shA| g A ufA|
2710 weta= o2 o] ool
57kt A == dl o] % NeuSGeoll thgt WY whg- uf
oll AWeolA dulzo] we] AL = ghch (Flesher
et al. 1995).

@}
mr o pT I

N 2= rlo rﬁ‘r' o of
Oofr
rr

X2 YHol M52 B4 ATI= PAE 72

2ol A7 FAZE 4B A | AL stolHy
Tup Ajszof A AAE Eof HF 9 ofu|ieit NEES A
I e 9EE FAE A A7l 7lEo] AHEE
A EEo|t} 1980t &HF CDR-grafting™} CDR-walking
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Fig. 5 Glycan structure of IgG antibody. (A) All human IgGs have conserved glycosylation site at Asn297 of heavy chain in Fc region.
In addition, ~20% of polyclonal IgGs in serum seem to have N-glycan in the variable region of Fab. The N-glycans at Asn297 of IgG
has bi-antennary complex glycans mostly terminated with galactose and/or GlcNAc while ~5% of serum IgG population contain
N-glycans terminated with sialic acids. The NSO and Sp2/0 cell lines derived from mouse cells sometimes produce IgG with N-glycans
containing galactose-a(1,3)-galactose epitope which would cause immunogenic problem in human. (B) Glycart developed GlycoMAb
technology to add bisecting GIcNAC for improved ADCC. Biowa, subsidiary of Kyowa-Hakko, developed Potelligent technology to

produce nonfucosylated antibody
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Fig. 6 Sugar switch of IgG. The a(2,6)-sialylated glycans of IgG antibody have anti-inflammatory activity. S2 represents the N-glycan
capped with two terminal sialic acids while GO is the N-glycan terminated with GIcNAc residues without galactosylation. IgGs with
GO glycan bind to the mannose-binding lectin through terminal GlcNAc residues, which would trigger the activation of inflammation
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Fig. 7 Targeting of therapeutic enzymes to lysosome directed by mannose-6-phosphate signal. Glycoproteins programmed to move to
lysosome are recognized and phosphorylated by N-acetylglucosamine-1-phosphotransferase (GlcNAc-PT). Then, GIcNAc moiety is
removed to leave phosphate group linked mannose residue by uncovering enzyme, which generates mannose-6-phosphate. Two types
of mannose-6-phosphate receptors (MPR), cation-dependent (CD) MPR and cation-independent (CI) MPR, can recognize glycoproteins
containing mannose-6-phosphate and mediate their trafficking to lysosome. Some portions of lysosomal enzymes escape this pathway
and are secreted outside the cells. CI-MPR is capable of recapturing such secreted lysosomal enzymes by endocytosis mechanism.
Enzyme replacement therapy employs this mannose-6-phosphate-dependent secretion-recapture pathway to target the administered
recombinant enzyme to lysosome where they can hydrolyze the accumulated metabolites instead of patient’s defective enzymes
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