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WE  sFR TARQWARET S TR %A, P THE R KR ik
—KAEWBFHELEE. FEARIPE(Chinese hamster ovary, CHO)m .2 B AT &% A 49 &
WA E LM, RARKEZTHARNAREN T L35, AR ak kL ey KPR
=. BT, CHOM IO & AR F A BAR G R T 24 IR T RABIR, % B T REEAK.
IRESif 484K, Furin-2Aif3# 8K, RS EEOF. L F, Furin2A 88k b F LA 45
iR # A R L FAARG— I EE R, LARLEAR SO Tk, #30ANLR A
BB ARSI FRE. ZIAET B AT ECHO M e & 40 Fuh R A BAR GG R AL
HERL S,
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The Construction Strategy and Progress of the Recombinant
Antibody Expression Vector in CHO Cells

Li Yanmei'?, Tian Zhengwei'?, Xu Danhua'*, Wang Wen'?, Wang Xiaoyin'?, Zhang Guihu’, Wang Tianyun'**
('Department of Biochemistry and Molecular Biology, Xinxiang Medical University, Xinxiang 453003, China;
*International Joint Research Laboratory for Recombiant Pharmaceutical Protein Expression System of Henan, Xinxiang 453003,
China; *Electric Power Bureau Staff Hospital of Pingdingshan, Pingdingshan 467000, China)

Abstract In recent years, recombinant proteins are used in the treatment of different diseases. Among of
them, monoclonal antibodies (mAbs) are currently the fastest growing class of biotherapeutic recombinant proteins.
Chinese hamster ovary (CHO) cell is the most commonly host cells for the production of recombinant antibodies.
Expression vector is an important part of recombinant antibody expression, which influences the expression level
and quality of recombinant antibody. At present, the construction strategies of recombinant monoclonal antibodies
expression vectors are mainly multiple-promoter expression vector, IRES-mediated vector, Furin-2A-mediated vector
and antibody fusion protein in CHO cells. Among of them, Furin-2A-mediated vector present an effective approach
to construct the recombinant protein expression vector with a variety of advantages, especially of its high “self-
cleavage” efficiency, good balance of two genes expression and its short gene sequences. In this study, the strategies
of constructing recombinant monoclonal antibodies expression vector in CHO cells and its potential advantages,
disadvantages and progress are reviewed.

Keywords  recombinant proteins; CHO cells; monoclonal antibodies; IRES; Furin-2A

Wtk H 491: 2018-05-21 252 H 1 2018-08-15

[ 5% AR (L 5 - 81673337) AT 7Y 4 ey R RHEL BT AT BA (At AE %5 - 18IRTSTHNO27) % Wy Ay BR At

HEIAEE . Tel: 0373-3029488, E-mail: wtianyuncn@126.com

Received: May 21,2018 Accepted: August 15,2018

This work was supported by the National Natural Science Foundation of China (Grant No.81673337) and the Program for Innovative Research Team (in Science
and Technology) in University of Henan Province (Grant No.18IRTSTHNO027)

*Corresponding author. Tel: +86-373-3029488, E-mail: wtianyuncn@126.com

IR 265 H i I [ : 2018-10-26 10:24:08 URL: http://kns.cnki.net/kems/detail/31.2035.Q.20181026.1023.004.html



RS CHOZYA M s 2H U4 R K A IO A 2 S St

1959

BE A ik D TARE AN A& 8, b ARV T EE A
1) 75 R KR B2 U1, VB T 1 B 5 B 144 (mono-
clonal antibody, mAb){E Jy— Fh B 2L ) 4 55 1 A
A e R G 2 SR /N SR R, T A SR R TR,
TR MR P RGO 55 2 B s 1 TR
ST, BIEFCN IR, A 6GFRIT PR K11
NFeiikfl & & RS HE, A JLE MU E AT
I R S 56T

HH PR O EE R TR AR, 2 -HHDNAR &
FB TR ROR, 725 RIKF X e Bk e A 7 13
72N T H0E, BT S N A 40 i J5 2Rk
KEGURD T PURRAYIZ ] T RIETUE. k&
godk. NP, 2 NIEC iR &K e ife. ik
R, BEAE T AEV BRI R R, T b d
T &R GUR LG, AFEH S5 M BRI 2
B NIEA v piiA . pifkpt & EaS%. Hr,
PUARRL& S R KPR [ ek
A B BE DR E I 3% 42 1 (linker) 2 R AHGE, JF
HEAMBERERERFETRENEHEA. R
Sha Wlg v BOANF], W LAKEfib & 31 B 70 JyFabfilt & 2
H. Feill & H. BEEPUAGFY)RIGEA. HAr
& BB REG & A 4T, A 1M A P&
RS AR R EGUAR S — I8P SR pE
H. BAEYNEERPURS TR, SfREET
& HBEAE L ER B © Eiyiiasm
It AR AT 5 27, i = 4 e 52 M 4704 24 0 ) e 2 R
PRI T 2 B LR R Y. SR, H I e s B
RKiERGT, KW RIE RG R RIE DS
eimfa s, Joda Rk bl BRI, Ad S
FORFHTE S B0 HAT R i) iR 7 T
B R, W RRAN AN L ) S A B B fS
B ifife /7, B RIE I EH PR N R AR
R 22 e e 5 0. A BUAR R RIS A AL BN
Mt BOE G . Btk BRTCg By s
o, BR T E AR R BN, KRR 23 2 r e AL sh A
M AR R, 5 Al R G AR LG, LB P gn i R
KRG R EAGUAR S RRTURR) T 450 . BE
TR BN T R AR, I B 2L 3h P 4m il e
% DL 15 77 B (£ 0 LT 035 77 25 rh g AT AR
B R0, Ao [E 4 BR IP 5 (Chinese hamster ovary, CHO)
MRk R G0 2 H AT EAPUAAE - ik R4, &=
HPTRRIL A L CHOYN MU Z= ik AN R R SR Bt A

R ASON 2 H AT ECHOZR 1% £ 458 Hh i HI A
32 B AR AR B SR R i ALk R BEAT T 45
BER2), Jxt EA DA RIE B BEAPUA NI RIS
W AT 1A

1 CHORIZZR%

YBYT I E P B T 7R B A SR TR SR A
AR B, BRI, 28 KE R T e A PR 2
TEW AL R A2 7 1. e CHOZH A 2 i
PIZRIE R, T, £ RN R (EMA)ESE
] £ 5 24 5 B T R (FDA)IL HE B T i Bk 254
R IE70Fh, A 51 B CHOZN M 7= A= U183 1)
HHAh R L RG ML, CHOKIE R4 HA 1R KA H-
(D)HEIE FH T B3 7, nl DA A KRB Tl A r= B 4H
HERESRY, Q) R PUA T FAELS R DhRedT I
RSP Sr THe0R, Q)T & NI EE R (4)
HMIREE R AT DLECHOZH M H A2 e M B2 (5)CHO
LR AT YA, JLFAS i IR TR B 1, TR H
b B H PR B 7> B AL TAE -+ BRI, 1Gy7 M
HPUATECHOYN BB RIA N, T Z0k Ak 4k wypp
A () f e, Gn o] Rl ) 9 4 R v B AR A B R, DA
e T o 3 R 3R 08 R A A — B, X ) A S H A
it R R T — Pk Rk, AR RE
BRI I E .,

2 FERIMAFRIRE AR RS
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E A 4 A3 30 B () — B 30k B A LR 0 7
V0, R R A A 4 ) 4 A R R AR B g R T
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AN IF TS R HE 5 5% R Bl R Ak, BT LA
A AR RIA BRI, Bl TR
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B H 2 38 ) — B ) @24 (1)K FH R Rh ST 3 AR i
G20 AN 75 B R R SORL, 0 T B RLBREL ) T
V& ()76 Bk B P Rl e A ic, 48 H I3 K 1 3
T R 2 WM FEE s (3) T B G U O e o A A e
By (4R AR S YRR B R IR )
RIEBFAFAE N ES; S) ARG LR S
H 3 R 3R A R o H R R R . X
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Table 1 Recombinant antibody produced in CHO cell approved in the US Food and Drug
Administration and European Medicines Agency"
HAHIER FDASE— IRy EMAZE — UL A7 T B

Recombinant antibody

Year of first FDA approval

Year of first EMA approval

Therapeutic indication

Bezlotoxumab 2016 2017 T AR HERR T A T K
Benralizumab 2017 Not approval U L[ W T A B
Avelumab 2017 Not approval 2Ry A ges
Dupilumab 2017 Not approval B8 PR A Iy R P 7 46
Durvalumab 2017 Not approval R MERSAT AN i g
Ocrelizumab 2017 Not approval 2 R MR IE
Brodalumab 2017 Not approval g

Olaratumab 2016 2016 AR
Daratumumab 2015 2016 2 R
Ixekizumab 2016 2016 SR AR 7
Atezolizumab 2016 Not approval SR b R
Secukinumab 2015 2015 71 L DA AR
Mepolizumab 2015 2015 2l

Nivolumab 2015 2015 BORE
Alirocumab 2015 2015 e ] P i
Idarucizumab 2015 2015 1% 2 ST S 1
Evolocumab 2015 2015 MG S v ] B o i
Pembrolizumab 2014 2015 RSN 1]
Vedolizumab 2014 2014 kS i R
Siltuximab 2014 2014 PR 7R R R L 8 3 A
Alemtuzumab 2013 2014 E LR TIAR TS
Trastuzumab emtansine 2013 2013 LR

Pertuzumab 2012 2013 AL
Obinutuzumab 2013 Not approval A 1L
Brentuximab 2011 2012 WRELR

Ipilimumab 2011 2011 BRI
Denosumab 2011 2011 R
Tocilizumab 2009 2010 PR DT 2
Panitumumab 2006 2007 R H e
Catumaxomab 2009 2009 LK
Bevacizumab 2004 2005 45 H i
Omalizumab 2003 2005 puRe QA
Efalizumab 2003 2004 HRE I
Tbritumomab tiuxetan 2002 2004 L
Adalimumab 2002 2003 SRR
Alemtuzumab 2001 2001 Ny
Trastuzumab 1998 2000 FLIREE . B
Rituximab 1997 1998 ARE A itk
Basiliximab (fusion protein) 1998 1998 B W% A
Alefacept (fusion protein) 2003 2009 L

Abatacept (fusion protein) 2005 2016 KIS R
Aflibercept (fusion protein) 2011 2012 BB EAR
Belatacept (fusion protein) 2011 Not approval [E2i:kE AN
Etanercept (fusion protein) 1998 2000 SRR T 48
Romiplostin (fusion protein) 2008 Not approval LN IF A E
Dulaglutide (fusion protein) 2014 2015 PEIEL ST
Albiglutide (fusion protein) 2014 2014 2BUHE RSB
Eloctate (fusion protein) 2014 Not approval A RA

Alprolix (fusion protein) 2014 2017 Il A 9% B
Rilonacept (fusion protein) 2008 2009 H 5 G2 PRSI
Ziv-Aflibercept (fusion protein) 2012 2012 4 HL

FDA: 3 [ & i 24 it i B B R ; EMA: BRI 24 8 8 2 R Not approval: ARt “Fon AL BUESRASEER2017); rTREAT RALAL R R 441
FDA: US Food and Drug Administration; EMA: European Medicines Agency; “data acquired from publically available resources (2017); all ap-
proved products may not be included.
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Table 2 Advantages and disadvantages of vectors for recombinant antibody expression vector in CHO cells

40N JRET e 7353 Z2E R
Vector Promoter Advantages Disadvantages References
Monocistronic vector CMV HC and LC are proportionally Big workload; low target [21-24]
SV40 coordinated protein screening
Multi-promoter vector CMV Higher antibody titers; improve the Imbalance of gene expre- [5,25-26,28]
SV40 expression efficiency of exogenous ssion level; interference or
EF-la genes inhibition between
promoters
Tricistronic vector
IRES-mediated vector CMV Avoid protein inactivation and The downstream transla- [29,31-34,36-37]
SV40 misla-beling; express relatively tion efficiency is low
CHEF complete recombinant proteins
Furin-2A-mediated vector CMV Short gene sequences; self-cleaving ~ Unsheared precursors; 2C [38,41]
SV40 efficiency; balanced expression of residual protein
CHEF the two linked genes

CMV: E 4 511 5 ; SV40: J2 M5 #:40; CHEF: B 6 FUAE K R F; EF-lo: AEK R F-10; HC: B4 LC: #5E.

CMV: cytomegalovirus major immediate-early; SV40: 40 Simian virus; CHEF: Chinese hamster elongation factor; EF-1a: elongation factor-1a;

HC: heavy chain; LC: light chain.

(A)

— Promoter GOI PolyA | —

(B)

— Promoter GOI PolyA |— Promoter GOI PolyA —
©

— Promoter GOI IRES GOI PolyA —

(D)

— Promoter GOI F2A GOI PolyA  |—

A: HUI R FZRILE AR, B: 2 88 FRIEEAE; C: IRESHFRILEME; D: Furin-2A/ SR L E k. GOL: H1HRF; PolyA:

IRES: P A% B 443t N A7 55 F2A: Furin-2A.

IR RS T Ak

A: monocistronic vector; B: multi-promoter expression vector; C: IRES-mediated vector; D: Furin-2A-mediated vector. GOI: gene of interest; PolyA:

polyadenylation signal; IRES: internal ribosomal entry; F2A: Furin-2A.

Bl BrfEhtRiHFnrER

Fig.1 Schematic representation of the monoclonal antibody expression vectors

MR [RIL, 75 AL 2 IS T 3R S o — 3K
A - B 21 T A 1R RN A A A R RN T e A 1 2 R S
EESL
2.2 BRENFRIERE

Z R E) T RIEWA TN TR P EAPAE
BRI —Fh, 2R FRIBHAR L B — AN S
ZAMNLIE T I0, & H SR BT R UL IGAE,

2 A A A FmRNAJ B AR EH. H
A, CHOZH g 2 ik i b 1) J5 2 1 2 22K F SVA40,
LTR(long terminal repeat). EF-la(eukaryotic transla-
tion elongation factor-1a) il CMV(cytomegalovirus).
WHFT R I, EF-lose iR )R8 72—, R Z )8
BT RIEEAM RS B U R, RREEER
F H RISL R 3T, Be 5% A AS A fImRNAJF:
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BV AR DU (E1B) . X PR 5 V4 P A 5
A5, BRI JE B0 5 T I Rk P B BT
ARER A, I BT DR m A PR R B RCR . fE—
SEFEE AR P9 AN S 28 A 2 1) 4 e R AR
5 [N [7) ) 56 YL B 41 B2, BayatZ R FICMV i 5l
THIE T IR BT HHAPUAR B B FF
IR FAR WU - IB A, Ik 3% 45 R AR e 45 R
H 7, SR BT AR BB FE 55 o

WEFE R I, A BT RA% 3 i 45 & X 41 & ] LA 3
mEAEAMRZE, FHIEJE 31 3L R 18 n 2=
SRR E MR R W T 2 )5 3 T RIEE P HA
B[R 43 B A % B ST, XA R Re i R
RIEIKEAP 8, B S 8k 04 1) 5 Fl 2 B
() LA AS S, Bl T v RERAE T H. dl
ECEERMESR SR K2HENT, RN EE
IR, FHEOE AN LA S HT, IXAE—
S K b R 1) T I AR VR R N
23 DR FFRIEEMAE

=i 2 - # A 78 YFLC(light chain). HC(heavy
chain) LB bR 10 2 K ZRIATE 7 — MEERNAH, ]I
AR [FRRIA, Rkt G AR T SR A
K. thAbh, =R FZRIB AR T L LCFIHCHY
AR AR, P2 AR R FImAbRIE K, b
IR AR — SRR A . BEAh, W LARIH P B A%
B A4 3 N A7 55 (IRES) Al Furin-2 A ik B & 14 2 = I [z
FRILEAE
23.1 IRESEEBIK  WHZHEAE AL (inter-
nal ribozyme entry site, IRES) & o7 T — £ B3 JE A 41
PR — BEE A U MR AR 4 D 51, 38
FRNAFG RIS UTR A, B A 558 M B 1
EUh, RVF 2 PR 7E [ — Z&mRNA _ERE), 75
BRI FE , IRESH] LS ik 4 4, RURIRES
TR 2 AR, SR FHIRES 4% 5 41 Hi 4 (1 2 % 11
BT, IRESFIEBE. BBE/E LIF R 2h T I H] ~
R A Al —2AmRNA, I HAEBIERS, 7 TIRES |k
i 2 DR AV A% A A B TR P g A s v 7 =gk A7 8 2
FEC A, T I A 25 DR E e W A ST AT AT R AR B B, S
LT IREST 51 3% $2 1) 51 B AR B A0 [F] — N e Sk
AL FRIER332 AT R AL FIRES JuF (A e AL
REE RIA BN e EAH & A (EI10).

FIFHIRES IG A4 AT LA 5e A P4 35 5 317 1] [ 40 ]
MR, A FFIRES | FiF H M2 KF A MR,

S kR E A PUAR R BRI EE T V. (£
(P AA A B 118 35 TR R 7 25 DR A7 AE AN R R R IA
&, — Ml I PR U2 R R b e g 3R AT 0 g BH
SORE, BT LA G tH B B e B Rk — A . AR
1M, K HIRES TG A4 3% H2  H 1k D] 1 #8044, 7 ik H
{100 S P e o K 22 B35y T R0 H 2R RIPY, IRESAT &3
() = - Rk B e BE P AR, IRESIE# HAE, 42
HEFNPU I 5 R AE [F] — AN 3UA B AT R0E, B PH
SUREI AR, S B v PE U ) PR =, FF FLAT B A
B2 1 LA I ZE AR KR BB, SR FHIRESH T
N 83 S B[R] -0 B o B B AR 1) = S 3R 3 R
FAECHOA M it AT 2RIk, 45 IR, Pk RILER
B2 ) 4 B

SR, WF 9T 8w, HIRESTCHAN T =i 1%
ILE R F, IRES F iR H R Rk EAAE— T
72 5, WB ARG 5 R P 30k 1 ey TR b S M L R BT
BRI mRNAZ S 21, HE A2 R, FTiL
Fa) gk A 2H B Ak Rk B I T R E I AR R A
E[?ﬂ]o
232 Furin2AZEHAKR 24K ERAENMEYE
R B R B — Fh B 8T T e 1 Ik
B 1 1 IRAE T 92 93 B (foot-and-momh disease virus,
FMDV)H & L2 AR A4, H AR 2 Fios 25 5 R I,
U £ 5 AJ 5 (equine rhinitis A virus, ERAV). J&%HF
7 5593 F (porcine teschovirus)Fl 5 # # k 775 75 (Tho-
sea asigna virus)35 i i . FMDV2AE H A 1) i R AR
&, BA Z P A0 s IR T O I8 A U ) —
HENG, RSN BBV EENM
AN BRI IR BN P HEAT /N B R P 1B

FHICHIEFL R A, TE2ARK B3 n_F — Bt Furinfs [
JF 3R DL 25 bR 5 2 R 2 B R (E1D). 2A
BEELIRES/MR 2, KZ120MNE R, «H 817k AETE
5 JE AN 2 R H 2 B (G R 2 R (P) W], 1E2A
JRBIC-ty, 7= A S B (M LR IA A HUAM, A
oA 7t R, 7ECHOZ i Hh 304 F v FEHLAA RS, 43
5l FHIRES A 5 Al Furin-2 A4 3 1 =i 7 804k 3Rk
A PUARS, % F Furin-2A 7T 4 I 77 42 1) B o [ 3%
X & TR HIRES G, JF HEAPiARIAR
2 3] E Bl ANV B RIS T B s, R
F2A L35, HEEEE F2A T (LC-F2A-HC), ¥ 3¢
FEPUR R IA R IRESS F ILC-IRES-HC ) = £51,
BiFurin-2A/ S RIE A EHPLAREE R T
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SR, 1z A Furin-2 ATE AR A M) & = i Jx 7 &
AR, R A AU, BV BORTE
85%~95% [A]. [AIINF, FifHidC-tm2 Ak H: 1)k B

AT RERNN B ) D RE AN E AL, IX LLH & 7R Bk —
figf R i) S

RZE
FLRT, SR T 3B Bk, 2 o) T RE Rk,

LIS T FRIBFA . YU G R S SRS A AL
REEPCRBE TR Hrb, 2AFFFI7ER 2 =

Ay RIEBAR P BAFIIED . BAER R, EF
Wr e DR RIB T B MR AP SE R (A, 2A B BT DI
DINLHIE AT AE, AR BY VI 2 R E A Ak, [F

I, _E3 8 A C-om2 ARk 2 (1 5% B AT RE S ) E AL TR
IZhRE, X LEHL T Z i — DT M. FATER I,
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