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Abstract  Antibodies are powerful and versatile tools to play
a critical role in the diagnosis and treatment of many diseases.
Their application has been enhanced significantly with the
advanced recombinant DNA and heterologonous expression
technologies, allowing to produce immunotherapeutic proteins
with improved biofunctional properties. However, with currently
available technologies, mammalian cell-based therapeutic
antibody production, as an alternative for production in
humans and animals, is often not plentiful for passive
immunotherapeutics in treatment of many diseases. Recently,
plant expression systems for therapeutic antibodies have
become well-established. Thus, plants have been considered
to provide an attractive alternative production system for
therapeutic antibodies, as plants have several advantages such
as the lack of human pathogens, and low cost of upstream
production and flexible scale-up of highly valuable recombi-
nant glycoproteins. Recent advances in modification of post-
translational processing for human-like glycosylation in
transgenic plants will make it possible that plant can become
a suitable protein expression system over the animal cell-
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based current production system. This review will discuss
recent advances in plant expression technology and issues for
their application to therapeutic antibody production.

Keywords ADCC, glycosylation, plant-derived pharmaceut-
icals, therapeutic protein

ME
A 78 Tl (therapeutic protein)S YHHZA O 2 2] 3H
AEQ FEAE 0 Fol, 123 QulN el vree)

of S9] FAATL o] Late] AAE 2 9lth (Pen 1996;
Ma and Vine 1999; Ma et al. 2003; Ko et al. 2005). 3} %7t
ol#al thula AP O ule 27 Sof bz} thal A o
el W A} g oy mobe] Akl g B o
Sto] We A EL 71X 9t} (Bakker et al. 2001; Ko
ool 2, SHEd A2 B BT 8

a3 740 2UOR A8 o3t 1
W ARE A AL o] A Az I 4&@4

I

O

N

% $9247 o288 4 9t A5 UL Fu @
A7 ﬁﬁgw A A %@@@ 4

) rﬂ'
ifed
PR
b
o 2 do
»
|o
fru
2
uit:)

:% —J 3

BEAAS T AR g BAS 4
ShaL QHAshA 4K 4 Sl AR AT
E)31 1t} (Kusnadi et al. 1998; Ko and Koprowski 2005).
28 o187 A2e BuAL A At AA 27
AT AR W ol hy AR Hhol o o2
S, o vl Eurel AT 9k WY &



J Plant Biotechnol (2010) 37:262-268

263

& (post-translational modification)9] oj8] EA|HE= |2
b o), MotolLt the Ag B Al LS Bt
nEol golqu 2 AAA 20 5o el 49E 7
Zt} (Gomord et al. 2005). E3g %4‘1 2 AHAER
A SEAEZF AL Qe 224 9 EAA7F A6k
Qlof o chul R o] kAT (bioactivity)of QlojA] FQ3F thalz
A3 (folding), THall 2 23} (assembly) U T3} (glycosylation)
NS @ 4 QU HE, A5 58 Alolof] 2= A e
(cordon usage)Lt W& - W I o] A oF7ho 3l of
Zpol 7t Sl71= ;W” n s Hus) & o AES 5
Aot i FARE M o wol 7HAIA Qleh

o Zofl, 2+ Q%% o]-g3to] et (anti-cancer) &
o Hhol 2| A (anti-virus) A5 A FAE AEolA o
FAARs7) Qe At7h EbshAl 213 Foltt (Ko et al.
2003; Ko et al. 2005; Brodzik et al. 2006). &= o|Q} o]
A2 A AES o] 95te] AAME olokg r,}un;ug A
2 9= (plant-derived pharmaceuticals: PDPs) &2 4]
E 7|4t 2]9F# (plant-made pharmaceuticals: PMPs)© ]E} Q
A=tk (Ma et al. 2005; Gomord et al. 2005).
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A (antibody)= 1Al HUTE vhol2] A (virus) o H
Ut (pathogen) 5-9] el fraj=&E0] Fol JF5tH B
MEZZEE HY _% (immune response)©]| ]3] WA E =
¢ (antigen)S ¢! ‘5}% Eol4 o Tl (glycoprotein)
2A FT Q7] st AHARAR JE AFEEL
Qltt (Breedveld 2000). 34| += 54Y (heavy chain)®] F-z0]
upa} EbA o F 5E 2 (IgM, IgG, IgA, IgD U IgE)Z U
ol A1 (Kuby 1997), o]F IgG = @Y Fof 7H wol

ADCC
o Antigen binding — |~ CDC
XL

Virus pathogen neutralization

ADCC
Fc —> ECDC
Half-life

’ == Disulfide bond || Natural hinge region @ N-glycan

N-glycans

Fig. 1 Antibody structure and its components affecting
biofunctional properties. Antigen binding affects antibody-
dependent cell cytotoxicity (ADCC), complement-dependent
cytotoxicity (CDC), and neutralization against viral infection.
The structure and sequence of the Fc and its glycan structure
influence on ADCC, CDC, and half-life of antibody

EAeHs FARA 28 AEE ArEole A A7
A (therapeutic antibody)Z 7HRFE o] AJghE| 11 h:}, IgG

= 49 Fxof wet A7k ¢ 1gGl, 1gG2, 1gG3 ¥
1gG49] o}g (subtype)o], AF <] 9ol IgGl, 1gGla,
IgG2b 9 1gG3 5 4F 79 ofglo] &A3tr). o] %= IgGl
o] A7 & A 9 AFA|8FaL Q) et

Olaai Agste] EFAE FAst
#H (

HHOo
T =

antigen binding fragment: Fab)&-$] %}t
A (complement-dependent cytotoxicity: CDC)
U Ao EA HEEA (antibody-dependent cell-mediated
cytotoxicity: ADCC) 5 & I}7] 7|5 (effector function)?] uf
N7} H+& Fo 59 (fragment, crystalline)of &J3f U<
AABA BTt (Fig. 1), FAEH AEEH A9 G
A7} AFAA S A £ (natural killer cells) T 2 A 3 (macro-
phage cells) 59 WEFT}7] M3 (immune effector cells)
o] o A3}l Q= Feg&A (Fe receptors: FcyRs)
Z FeyRI, FeyRIL FeyRIIL FoyRn of Z3Fetm Al A4
2 (phagocytosis) T Fa -8 (lysis)ol ]5 EHA]
3L (target cells)S A ASt= WA, A JE2A A E=A
5ol FA Y Fe #2917k ZA 9] Clq subunit 52+ 2
SR 2 A KA A WS- (complement cascade)2] &3} 7]
AL 3 FAMEZE A A} (Armour et al 1999, Shields
et al. 2001). IgG o} 9] a7 7|59 HAEE IgGi<ig
G2<IgG1£IgG3 S0z BA 2zo] Zralch

ROl o]3}sl4 et (disulfide bond) 0.2 AZAE HHH
—.—] (hmge region) % N-oligosaccharide”} ¢ A8t Cyy B3}
H3GZ24To R A48 Cis 99 59 Al 2o = vt
Cip F9) Nt Zofl= 22|31 T (oligosaccharide) 0] A 3=
o] Q1= Asn-297 o] QXL Qlom, weto] o XP7] 0]
Cro 97} Cpy 9] AARINIA] BAElo] Qi 22
o]& 11 It} oligosaccharide = Fc@} Fo 4~8-32}9] ﬁ?‘fjoﬂ
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= sENA o EA FAEH =1k whet

Mo Polskm YA AT, Fe o Fxo] Bolstel ROl FRE 4
o] Qlt}t (Fig. 2) (Lerouge et al. 1998; Cabanes
0|
]

L 2]
anr] 7ls W FE-3A Aol FF= G (Fig. 1). o7 Aojxdo
et al. 1999).
o] AA3
3l (foldlng) J

Ja gol 25 % o o5 guge

7" Hj]g]_E];qh OJ—Z]U]— D]—HHX]_,] ;(4
A (stability), 23| == (solubility) 2 protease
of tht WA, @3 W] (serum half-life), LA

s
.
g 9o Rastel ZA3HT 9l o (glyeans)o] % (anhgematy) Sol 0% GFL vk o] 2F

Endoplasmic reticulumn .
> Removal ofA'sn-X-Scr/Thr —> Aglycosylation
(N-glycosylation signal)

Oligomannose type
glycosylation

;:_%}_“ Fusion of KDEL : 2
to protein

cis Golgi

trans Golgi J/

Knock Out A é e

:_EOH Fully humanized
*$
N

ceonn

afucosylated

o

A Glucose O Mannose B N-GlcNAc Q o(1,6)-fucose

é(x( 1,3)-fucose Q Galactose ¥ Sialic acid A B(1,2)-xylose

Fig. 2 N-glycosylation processing of glycoproteins in plant, human, insect and yeast. N-glycosylation in the endoplasmic reticulum (ER)
occurs at Asn residus in Asn-X-Ser/Thr, which is a signal for N-glycosylation on proteins with transferring oligosaccharide precursor.
The glycosylation is proceeded by glycosidases and glycosyltransferases in the ER and the Golgi apparatus. Glycosylation processing
in the ER is preserved in plant, animal, insect and yeast with oligomannose type N-glycans. Glycosylation in the Golgi apparatus generates
highly diverse matured N-glycan structures. The glycan structures can be humanized with modifying the glycosylation process
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H 28 11%-E Nglycan I} O-glycanO & 7+7F LREE=
g, XA+ N-acetylglucosamine (GIcNAc)e] Tl wtiho)
Asn® ofw|=7]o] AZtE o] o]FojR|il, FA}= N-ace-
tylgalactosamine (GalNAc)9] &+ to] Ser &2 Thr 9
S| =54 7o) AgE o] whEo] Xt} oo oJsf Fo] F
2L Tl (glycoprotein) Q1 & T A O] @Ot F= N-
T} 0-73} (N-and O-glycosylation) = Ut R &l A £ 9
dud o] HY & W (post-translational modification) . 2
A N-ZEHE 70% oA AA|EHIL 9l u:] o chu g o]
T2 7ol e A FFE =k = AEol
A N-Z3}= A3 (endoplasmic reticulum: ER)Oﬂlxi Al &E
=g, WA ol o] EAJST asparagine (N)©f| oliogmannose
o] G337t FYstA o] Foj Xt kA NE o] A o] thA] ER
T} Z R A (Golgi apparatus: GA)of| A & 3[4 (glycosidase),
AYah (glycosyltransferase)g} TdF FAel Tolst
ofg 7k AaE Abolo] FFARol o3 Hut o
il Ez‘f& %*}%4 T2 Aol 5 o] FA Hrf. o]}
0 A= A EZES Nglycan & Zh= Bl
X]xﬂi olFAA Mz tE Fotxds T T
o crop4 e Lhekict (Fig 2)
LE N-glycan 2 354 0 & Man;GleNAc, 9] core structure
& et oA ERsmel 4% N-glycan 2 kA
© 2 AN|7}A] N-glycan subtype < high-mannose, hybrid, com-
plex type 59 F2E5 Zr=th B, 4&9] N-glycan
high-mannose, paucimannosidic, complex type 5.2 W3 ¥
t} (Kornfeld and Kornfeld 1985; Lerouge et al. 1998).

High-mannose type N-glycan = N,N-diacetyl chitobiose unit
o 5-97§2] mannose Zt7] (residue)E 71A= FHE|2A &
23} 412 BRolA] 2ol & 4 slov], AxA] oA &
2] 1 A A (oligosaccharide precursor) 25 glucose W
mannose 2+7|7} AR A A E o] A HT}.

SRl Bl A A% Eee] 24 H ga
Ao FAE N-glycan complex type < HAd3tct. Complex
type N-glycane ZA|H 2 ©]%3}¢] high-mannose type N-
glycan © 25 E thokgt FRigo] folsh= miof] 95t
o WEoAL) AEo|y & EF complex type N-glycan
2 core structure®] a-mannose unit °f 3ty E= T 79
GleNAc 715 7FAILE 3FA) T Al &9 79 complex type
N-glycan2 core structure®] GIcNAc % [3-mannose ]|

a(1,3)-fucose@t B(1,2)-xylose 2+7]7} A= o] 9= FH
Z2A Ao 2 Boldor EAsHH, &I 2T
7A9-o= GleNAco| a(l,3)-fucose TthAlo] a(l,6)-fucose”}
ZAgtEo] 9lom xylose7} §l= N-glycan FEjE LEFHTH
(Priem et al. 1993; Fitchette et al. 1994). =g} core structure
9] Wt GleNAc unito] a(1,4)-fucose & B3(1,3)- galactose 2t
717F BAbEE ol Fo] dAE e E o BT ¥
e} ] complex biantennary antennary type] A& N-glycan©]

2

N o my _<>L rr oft
ﬂlH

Z A5t} (Fitchette et al. 1997; Melo et al. 1997; Fitchette et
al. 1999; Balen et al. 2006).

Paucimannosidic type N-glycanS A&7t ZR5t= &
o] 4] N-glycan +2=A| Q17 F ] A A EA &

=t} °o]& N-glycan & MamGlcNAcz = ManGleNAc,
o ¢*3}3L = [B-mannose Z+7] L GleNAceol [(1,2)-
xylose} a(1,3)-fucose 717} A= o] Q= FHE ol F
i Qi ol9F Z FE O N-glycan F2= tFE9] A
= goudoe] EXsts Aow FeEH,
Hizo A EA st Q= FEWM A A BAEHE Aor
A typical vacuolar type N-glycan© 2 7=t} (Ashford et
al. 1987, D’Andrea et al. 1988; Capon et al. 1990).

] e Ao oo olget Fatubgel o3 A%
Ao A Al&Fsto] HhEo] %l high-mannose type TTE2E
71 Z22 ZA| A9 lE' 2] t}oFst complex-type oligosaccharide
20| JaE G122 o 4ss B3 HE2H oz Ty
Sol AEU o2 EulE ARG 9 AE
ool 25402 YA ek,

qgrow
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>
[>
1114
flo
=
olo
ro

S| Mt

A

=
IISZ

AL Q7 B FEoA ek
9 2ol o] A Helth )
to +2 nlE, 35 9 5= A=
3}l Ut} (Breedveld 2000; Ma et al.
HE gorE o] &3k s WAL
| cheel e ko] Fbsehohs
Got7t o] FojAof A S 2
S 49, ek 4 9
ol ZZ22 02 TS YA
A =tk Miele 1997). E3H SEA
A AEIL M T WEo| Pt il 1l 81
of kol F2 AFGET ot T7he] Akl go] &
= 23 A FEAE Y leEs A

el Slgol EAT 4 ol AR Al AaA A
| a3}t (Bakker et al. 2001; Ko et al. 2005).
& AN AR e A eR A8
a2 447 ol g ) Be] AaE n

et e} o] 412
W& 14 (posttranslational modification)o|
AAro] B7H5e nEIHA ) oz
7Fsskm, A& biomass®] 2 A
AAE| S-S Sy H o2 A7k
2oL} u] A E o] AAkA £ Eo]
Hebshal AlE9 e ol &
2 UHY 4 Ut} (Doran 2000;
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LS 50]A0 % QAT 4 Sl 3
M5 fr=sto] dAZE YYAI7|&= ADCC (antibod
dependent cell cytotoxicity)ZA4 T 7} 7} Qltt. 5219
- A8 FF27F a(l,6)-fucose7F EASHA] Gk -
5|2 Fe&} Fe receptor 7He] Fri=els S7HAZE o= Sl
woll A=l A A5 a(l3)-fucoseE A AT Al
(1,6)-fucose S N-glcan F-20] @& a7} gl o] o] Qo
T gagAods Addor S FAE GARE A
9] oFA Aol FQ 3t sialic acidL} galactose 2] 27} & Q 5}
t} Sialic acide= AlE N-gleyanol= A 51A] &= o
residue o]t} FHZ AlEo| % sialylationS ¢J3t T3}}A 9
AZ7} ZAts R17) Qo] sialic acidZ  terminal
Neglycan o RaH517] 9jg AA7E ALH o Aas|
3 Qlek &R uk Al EA L WO sialylationS 93+ F3lut
AR ob 2} sialic acido]] thek A=4 EIF FA%H
fQao)7]of oo tfgt At EgF F a5t} (Shah 2003).
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( —~ O
<

o &2 o o

1 4R PAS AL 4 Y A g
7140l glort e e wag o ofd7iA s
R3S 93k of el go

soluble protein: TSP)2] 0.0001~0.1% =9 W& dt&-&
S eIt} ojg 2o BAHE S| TE (codon) 3
23l (Koziel 1996), 243} inducible promoter 2] 7jjgF W
I9HE promoter 9] A8 (Ma et al. 1995; De Wilde et al.
2000; Ko et al. 2003), A U ujAA7|Zo =2 9] thufz]
274 (Conrad and Fiedler 1998), -2 HE4] F 2 A2 (Ruf
et al. 2001; Daniell 2002) £-9] 7] &2 o]&3lo] o2& ¢
uge] WHg 9 ANRES FEAY 7 Ak
O)ag A AEAE WA AR Eo FH|=
chul g Eujagof A AT FERO| = (signal peptide:
SP)of| S Az W= Fo7F AlZHE T, A 3EA o A
folding 2} assembly X @3} o] o] Foj%l 3, el 7 o]
A3 HEE A5 KDEL signal peptide (ER retention signal)
U HE Axza7|io s oFAl7|= Al gloH I4
A2 olFEo] X2 BEu|FHc) (Fig. 2) (Kermode 1996).
AlZAlZY AzA Yo g mE =7 KDEL signal
peptide S A F4 2] C-terminalo]] F-2}s}o] LA o =
A 7= S G AAEFe] 10-1004] A &= F7}351H
Ft} (Conrad et al. 1998; Ko et al. 2003; Tekoah et al. 2004).
oA AbwlmolEol Agehude] wrehuldo] Ngs)
Fofell A== xyloseot fucose T QIZbel| Fo] A
allergy ¥HS-8 §eE F2 FLOZA, AT 99 o
24 who] Qo AHEEY] eIAE WMol
WSS YO 7|2 &A oh= Aol st (Fig. 2).
o] 3t allergy 75 12 xylose@} fucose & FAlol A7
o e e Yug guwded FAE 229
slo] T o]4f EAtek go] RAE XA oA AU
Y xylosyltransferasel} fucosyltransferase@} 22
o 529 HAE JAIshE B 5ol itk (Lerouge
et al. 1998). E7tA o2 AlE Eo|& glycano]| [3(1,4)-ga-
lactose 5 F=7}51A =¥ xylosel} fucose”} &4 H+= A&
oAl & 4 AT (Strasser et al. 2004). o= o &
olF 0w Agsti il Aol a0k Ao S
Q] (variable region) T2 ZZ|HE}O] = (polypeptide) linker =
123} scFv (single chain variable fragment)@} Fe %] & TS
A Qs Y] R ES E3}F5= Fab (antigen binding frag-
men) S Aot} A% 2 o4 Te] o] o

0.
°
a

=¥

s

A

A
A
A

ol 2o
)

SRR G2 AAS 93 GA TR 12 F Y
Q3 PEee wHsE Bk
=

82 o] §5to] thopdt o2 g T Awur ohet 2l
el e WANEG FAS AT S Uk AB
WA 28] FAHOE FHAL 1A 5 YA L of
2 BEgsteh AT, 42 A2 o 43t 9 G o
Ao AL AAHOR ol Solu, 7t v RO} =
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FEE W A2 0@ A AAA FAHE HY
o] Aofx|o] glof ehsteh: WL AT gek. of
43 GRG PAE BASHE ABHAA 2 ALS 9
T ATE A% AW dopiThA AT YA GO
PAT B ARYAE dF AT S 9 Ao
2 Bk AZABFEIES ol §T PATEA B
o T A9 Y 7169 WA, B 25 Fo, T o
OFE N W ABAYPIAY FA A Yot o2
of AP A2 E A AL B B A mu] B
of YOIAE e ABA 7ok US Aow Rt
A AL

o] :E-L 20084 % YFrhstie] il Ao ofa)A]
g
AIgEH
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