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BN, Ku 25043 BI4E CHO 20 i Fn /0N B 6 75 40 i
NSO it ik X &85 G H A 1 B3 IIIE X (spliced
form of X-box binding protein 1, XBPls) , #ff 5% 1% &
FIXFX 2 FhAn o W B vg BEHTAR TR R v Ffie 20
2R A R AR S5 SRR S I
T 18 AN Y 3 WA RE 1IN, XBPLs REfS 2 35 48
mEEAEEAN R, BT XBPLs 4, S sk & 8
B4k 4 5 H B (immunoglobulin heavy chain binding
protein, BiP) % 5% 3% N 6 (activating transcrip-
tion factor 6, ATF6) ' EZHLLA T 2o (eukaryotic
initiation factor 2a, elF2a) (5] SRR TR T 4 (acti-
vating transcription factor 4, ATF4) ') Az K 52 i A
DNA 1173175 525 F1 34 ( growth arrest and DNA dam-
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age inducible protein 34, GADD34) 7/ 25t # AE PN Ji
W () A AT B K (S (UPR) H R B ZAEH, BR
T ERER, Hifh—2e 5 [ i, W45 % & H ( calnex-
in, CNX) "' 5/ & [ ( calreticulin, CRT)'* [ZH 1
Jt B B 5 M B ( protein  disulfide isomerase,
PDI) " {5 SR 5 WKL 14 (signal recognition particle
14, SRP14) ' 45y 3 4 41 1 A % 01 4 40 i 1) T 41
HAB

BN 35 RGAIR TRE RIX R G HA R
RN R, TR T o ok = 4 2 1 A w0 DI E A
ExpiCHO-S 4l ifd J2& — Bk BE 0 38 107 fap 285 1% 5 1) 2
FRAAML, )iz T AL R BRI SRk LAG3
(lymphocyte activation gene 3) A bk B0 41 Jifd 38 1 3
2 — I VR TE B0 R G e iR T AR (T
ExpiCHO-S i} B I 323X anti — hLAG3 17K 4%
I8, T S miz bR i Rk WF 5 Tk RasE A
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anti —hLAG3 A2 BYFZ IR , i 40 M A9 TR Ak Bl it 2
PEARE , [7) Fofthn Sy At o 20 28 1 A 7 0 i ) AR Ak
i PR AT

1 SEEE 4
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ExpiCHO-S A0 ML W TF Thermo Fisher Scientific
A] LAG3 - Relatlimab — IgG4 1 A< 52 36 28 &
pCAG - Hygro # /&  pCAG - Hygro — IRES2 - EGFP %%
K K In¥545 B ( Escherichia coli) DHSow AN SL 586 28
TRAF; ExpiCHO - S 411 g 15 77 e e 3% Fir FH 4% 5 5k o
ExpiCHO Expression Medium, %A B FR BN Gibeo
OptiPRO SFM, A0 M 5% gL Bl F R R ExpiFectamine
CHO {7, ¥4 F Thermo Fisher Scientific 23 7] ; &
Wy W0 T2 [ Amresco A H]

TH TR AE 1% 55 3546 (ISF1-X %Y %+ Adolf Kuhner
N TRECA L ( BD LSRFortessa %1, 35[E BD 2y
H)), S B9 )6 & f PCR X (qRT - PCR) ( ABI
PRISM 7000 %, 3¢ & ABI A A)) , 4l i 31404 ( Cou-
ntstar A | FHEEEAEYBHEARAFR)

1.2 ZEFH*E
1.2.1 EakERAami

human XBP1ls human ATF6c . CHO ATF4 human
E2F1 . Bovine elF2a, CHO GADD34 , CHO NFKBIz,
human C/EBPa  human BiP  CHO CRT,CHO CNX,
CHO PDI,CHO ERP57 .human SLY1 human vAMPS |

human SRP14 human Muncl8c human SNAP -23 hu-
man CERT F1 human mTOR 3t 20 F 8 (1 ) L K 7 571
i H S R ¥ %1 ( www. uniprot. org/ ) Z% 05 F 4k
Je B AT EERVE YR BR A Rl G a, RS A S
02 M AR IR AR, e AR AR I i A Tl U0 62 6K
Nhe 11 BamH 1,515 BWNFE 1 fin, FKikik
AR A5 8 30 e A R ) A 2 7 T TR A

ARSI b3 P A s AT A B ek
R TEIXBLA A BE DR i i e s B 2 (0 ' AR 1
(enhanced green fluorescent protein, EGFP) J& [ F
S, Z (8 F IRES2 4, 51 21 2% 38 ook €]
TEILIE 1,
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Fig.1 Recombinant expression plasmid map

1.2.2 Zmhask i

F 24 FLIRALA P A FLIEFP 6 x 10°4~/mL Y
ExpiCHO-S HHME 2.5 mL, B 1.5 mL %%%AD%@,
HIA 192 pL. Gibco OptiPRO SFM, 2R JG LA 2 wg Ji
B DNA, LIRS JG A 8 pL. ExpiFectamine CHO
B, FRRER TR AT, 37 BRI M £ g 110 40 B B
o E 2 wg Bk DNA 7', LAG3 - Relatlimab — 1gG4
FoRi AR (101, B L) 3 1. 6 pg, AG 545
WAAH G FR R BORE M 0. 4 pg, BRI E T 37 C |
8% CO,.200 r/min M1E LR % K =48 h G 3% . 1
HYL)5 18 ~22 h N A 15 pL Enhancer 1 600 pL
Feed,
1.2.3 #FEFENZ

B30 WL #5483 72 h 400 E R, 1200 1/min
B0 S min, 351U, FIJCTE IO B2 5 22 vl (PBS)
PR 2 WK, FEH 50 wL PBS BEEN, A S 4n i X
Kl EGFP B 3R IAME B, B ) BEA0 B Ay e e T
pCAG - Hygro ZH{K I anti - hLAG3 %% T 4% 1) Ex-
piCHO-S 4L, L S % 4 T pCAG - Hygro - IRES2 -
EGFP 2/ F0 anti —hLAG3 #2F 541 ExpiCHO -S 4
JL, 343 9150 4 Null 1 EGFP, 4% 5 [l it 26 35 24K
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Table 1  Primers used in this study

519 JPF1(5'3")
XBPIs F: TTTTGGCAAAGAATTGCTAGCGCCACCATGGTGGTGGTGGCCGC
XBPIs R: CCACACTGGACTAGTGGATCCTCACACGGAGATCAGCTG
ATF6¢ F: TTTTGGCAAAGAATTGCTAGCGCCACCATGGGCGAGCCCGCTG
ATF6¢ R: CCACACTGGACTAGTGGATCCTCACAGCAGATGTCTCCTCTG
ATF4 F: ATTTTGGCAAAGAATTGCTAGCGCCACCATGACCGAGATGAGCTTCCT
ATF4 R: TCCACCACACTGGACTAGTGGATCCTTACGGAACTCTCTTCTTCC
E2F1 F: TTTTGGCAAAGAATTGCTAGCGCCACCATGGCCCTGGCCGGAGE
E2F1 R: CCACACTGGACTAGTGGATCCTCAAAAGTCCAGGGGGGTCAG
elF2a F: TTTTGGCAAAGAATTGCTAGCGCCACCATGCCCGGACTGTCCTGCAG
elF2a R: CCACACTGGACTAGTGGATCCTCAGTCCTCTGCCTTTGCCTC
GADD34 F: ATTTTGGCAAAGAATTGCTAGCGCCACCATGGCCCCGAGCCCAAGACC
GADD34 R: TCCACCACACTGGACTAGTGGATCCTTAGCCCCGCCTCCCTCCCA
NFKBIz F: TTTTGGCAAAGAATTGCTAGCGCCACCATGATCGTGGACAAGCTGC
NFKBIz R: CCACACTGGACTAGTGGATCCTCAGTAGGGGGGAGCCCTCT
C/EBPa F: ATTTTGGCAAAGAATTGCTAGCGCCACCATGGAGTCGGCCGACTTCTA
C/EBPa R: TCCACCACACTGGACTAGTGGATCCTCACGCGCAGTTGCCCATGG
BiP F: TTTTGGCAAAGAATTGCTAGCGCCACCATGAAACTCTCCCTGGTGGCCGCGAT
BiP R: CCACACTGGACTAGTGGATCCCTACAACTCATCTTTTTCTGCT
CRT F: TTTTGGCAAAGAATTGCTAGCGCCACCATGCTGCTGTCCGTGCC
CRT R: CCACACTGGACTAGTGGATCCTCACAGCTCGTCCTTGGCCTG
CNX F: TTTTGGCAAAGAATTGCTAGCGCCACCATGGAGGGGAAGTGGCTGC
CNX R: CCACACTGGACTAGTGGATCCTCACTCCCTCCTGGGCTTC
PDI F: TTTTGGCAAAGAATTGCTAGCGCCACCATGCTGTCCCGGTCCCTG
PDI R: CCACACTGGACTAGTGGATCCTCACAGTTCGTCTTTCACGGCT
ERP57 F: ATTTTGGCAAAGAATTGCTAGCGCCACCATGCGCTTCAGCTGCCTAGC
ERP57 R: TCCACCACACTGGACTAGTGGATCCTTAGAGGTCCTCTTGTGCCT
SLY1 F: TTTTGGCAAAGAATTGCTAGCGCCACCATGGCCGTGGAGGAGATCGC
SLY1 R: CCACACTGGACTAGTGGATCCTCAGGCATCGTTGTTGGAG
vAMPS F: ATTTTGGCAAAGAATTGCTAGCGCCACCATGGAGGAAGCCAGTGAAGG
vAMPS R: TCCACCACACTGGACTAGTGGATCCTTAAGAGAAGGCACCAGTGG
SRP14 F: TTTTGGCAAAGAATTGCTAGCGCCACCATGGTGCTGCTGGAGTCC
SRP14 R: CCACACTGGACTAGTGGATCCTCACTGGGCTGCGGTAGCG
Muncl8e F: ATTTTGGCAAAGAATTGCTAGCGCCACCATGGCGCCGCCGGTGGCAGA
Muncl8e R: TCCACCACACTGGACTAGTGGATCCTTATTCATCTTTAATTAAGG
SNAP-23 F: ATTTTGGCAAAGAATTGCTAGCGCCACCATGGATAATCTGTCATCAGA
SNAP-23 R: TCCACCACACTGGACTAGTGGATCCTTAGCTGTCAATGAGTTTCT
CERT F: TTTTGGCAAAGAATTGCTAGCGCCACCATGTCCGACAACCAGTCCTG
CERT R: CCACACTGGACTAGTGGATCCTCAGAACAGAATTGGCTTCC
mTOR F: ATTTTGGCAAAGAATTGCTAGCGCCACCATGCTTGGAACCGGACCTGC
mTOR R: TCCACCACACTGGACTAGTGGATCCTTACCAGAAAGGGCACCAGC

TEAR I A 5% YL 50CR K FH Flowlo 7. 6 408T, #i3 4E B IR RNA , B 5 i F5 5875 31 cDNA, DLH il -3-
X R ) PN B T A A PRGN L BRI BERRIL A RSN ( GAPDH) VE i N & EFT qRT -PCR

BI85 B I LBl
1.2.4 qRT-PCR & XBPIs # % KT

S8t TR &N Power SYBR® Green PCR Mas-
ter Mix Kit (3£ [E ABI A #]) ., K 2 249kt

MBI LY 5 B 5% 48 h 7 ExpiCHO - S i fifg vp XBPIs ) mRNA MIXF& &, 519)FF a3k 2 iR,
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Table 2 Primers used in qRT-PCR

514 Feol(5'3")
GAPDH F:ACGGATTTGGCCGTATTGGA
GAPDH R:GCCTTGACTGTGCCTTTGAA
XBPIs F: ATGGTGGTGGTGGCAGCC
XBPIs R:TCATTAATGGCTTCCAGCTTGG

1.2.5 E@pe%E ER meE e

IR 20 L 4TS, A 20 pl 1 g/L 13,
TRA), FH A R3OS S 175 240 i 2 3 RN 200 M T %
1.2.6  HUIR = Z A K Ao Sy Aol

H Biacore 8K A=) FHHEAEH /3T 248 (52
[ GE 22 7)) 232l _E3 T anti ~hLAG3 Bl Hy™
i KELE HA Protein — A 22 HRCA pH 7. 4 1) HBS -
EP &, B4k pH 2. 0 Y Glycine ¥ .

Anti ~hLAG3 5 hLAG3 [8] {1 3% F1 J I 5 [) A
% FH Biacore 8K 737 2245 . 1# JH Protein —A its i 7E
W R 10 pwL/min A9 T R B A anti-
hLAG3, Jf X} anti-hLAG3 4 25.00,12.50.6.25 .
3.12,.1.56, 0.78 nmol/L A1 0 nmol/L ¥ FE &Y
hLAG3 & H #4178 J1 2k W, i 38~ 30 wl/min,
454 R S 6 1) 43590 4 180 s i1 600 s, fili F Bia-
core 8K Insight Evaluation Software {47 58 1
PG 0T A BI5GB K, PR B K, .
AT T i e 2 5K o

K,=K,/K, (1)

JIT A R B D B BT 3 A AT 45 SR DL
B = RN

2 #R54%
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i, B HEAE S I 20 B A
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Mo AR L JS 72 h 55 3R BT T O R AR
o ALY T pCAG - Hygro — IRES2 - EGFP # 14 il
anti — hLAG3 % 5 55 1) 240 i 3% hPu iR i = i 4
24.21 pg/mL, A T W F W b 1R B 45 B A
ExpiCHO-S 4 fifd 2F 7 anti ~hLAG3 [R50, 85 5 Yy

THEARRBARA M35 P g AR =
#(C)ERR(H(2)).

C.=C_/24.21 x100% (2)
K, €, oMM i (peg/mL)

WK 2 fiis AT EGFP 4, i %63k XBPLs J&
REA% 7 20 B (%) e A4 7 2 42 55 30. 56% 1M1 ik
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AP PR S 87. 18% ~71.21% , Hifth 14 Fh
FE X ExpiCHO S 2 Ji A Bt 44 7™ 1 (14 5% e JUJ 2658 /)
(PR AR <10% ) . X s H 1 #
IREARAE ExpiCHO =S i i 9 4 Yo sl % 2 B, AN ]
DRI TR 240 0 v 0 2 3 25 R AR O B [ B 1]
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Fig.2 Effect of overexpression of proteins related to protein
biosynthesis and secretion on relative antibody pro-

duction and transfection efficiency of ExpiCHO - S

cells
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ExpiCHO-S #ii A= K A5, 35 O 40 f fi 4™ i
PRAEAE 3 W1 2 /9 3 Fh iR 11, B XBPLs, ATF4 Al
BiP, T8 HAF ExpiCHO —S 4 it %) 4 it 375 < 1% 21
52 BE P s

WE 3 (a) B, 7247 B2 (Null F1 EGFP 4)
H UL S 24 h LTS R A R URAIR 48 h ZE AT A
JLTE B B I TR ARG, (R AR e 1 J 1 4t i
TR R AEFFAE B R KT (> 90% ) o 5% BT AH
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/N AR SR 2R 216 h B AR METE AR T 90% ;1 3=
ik ATF4 7ERE L5 BT 192 h % 4 A 3% 28 04 5% mi . 488
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Fig.3 Effects of XBPls, ATF4 and BiP overexpression on

cell viability and viable cell density
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Fig.4 Effects of XBPls, ATF4 and BiP overexpression on

transfection efficiency and antibody production
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W o TEHEE (SAMY ) RUSE R, 455 & P, XBPls
RERS(H SEAP A1 SAMY (177 & 43 51| 4 = 2] 6 %5 A1 4
5, A 07 B BN 5 7 W) e S K S JE R T
3 v AR FR G ) A U ST S P R, b
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293 HeLa F1 HT - 1080 4 fifd i) 55 5 2 (4 A 7= o 3¢
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PR

ATF4 J& F55 S 3005 7/ 30k AMP 1 [ oG
4545 8 1 (ATF/CREB ) S35 BB 5 2 R 7 4% 1 o
KT, B A S5 407 25 cAMP W eE ) . ATF4
P 455 e 4R/ PR AR L P Jo IO 8 2 35 R 31 2 R 4Rk
NTE N B E 5155, ATF4 RT3 58 UPR 5L
K4, 45 GADD34 il C/EBP [R5 & 1 ( CHOP)
ik, ATF4 d ¥k UPR 9% 3, Ohya %1% %
P, 7E CHO 4l b #3k ATF4 BERS 15 37 W Pt
BEMLEG 111 /Y 7= B 4R & 66.7% . 1M 78 A BF 5 o
ATF4 X} anti ~hLAG3 =& [R5/, H R R A A
etk — 0%

BiP , LFk A GRP78 & —Fi N B M 5E B A, fig
s 5 2 RIS MR N EASLE, ST
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HeA: P R (E [R] Bsf s 2 BRI A A K8 %R . Dorner
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Fig.5 Effect of XBP1s co-transfection ratio on transfection ef-

ficiency, XBPIs transcription level and antibody pro-

duction
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Table 3  Effect of XBP1s overexpression on the
affinity of anti —hLAG3 to hLAG3
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R
10 (L+(mol-s) ") 107*s7! 107" (mol-L™")
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385.

Enhancement of anti —hLAG3 production in CHO cells by
overexpression of proteins involved in protein
biosynthesis and secretion

LIU LiPing YU ChangYuan XU LiDa”

(College of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The effects of overexpression of 20 proteins involved in protein biosynthesis and secretion pathways on
the anti —hLLAG3 titer in the transient expression cells ( ExpiCHO -S) have been compared. The effects of tran-
scription factor XBP1s on cell growth, antibody titer, and antibody affinity were specifically studied. The results
showed that when plasmids of the studied proteins and anti —hlLAG3 were co-transfected with a mass ratio of 1:4,
the presence of XBP1s increased the antibody production by about 30% . Furthermore, overexpression of GADD34,
NFKBIz, CERT, C/EBPa and mTOR obviously reduced antibody production. The other 14 proteins had little im-
pact on antibody production. In addition, the promotion effect of XBP1s on anti —hLLAG3 production increased as
the transfection ratio of XBP1s increased. When the transfection ratio of XBPls was increased to 60% , the antibody
production at 168 h after transfection was increased to 2. 1-fold when compared with a 60% transfection ratio of EG-
FP. The overexpression of XBP1s had little effect on viable cell density and viability, or the affinity of antibodies.
The results indicated that XBP1s can be used as an effective target for cell engineering to improve the recombinant
protein production performance of CHO cells.

Key words: XBPls; CHO cells; cell engineering; transient expression; anti —hLLAG3
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