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Abstract The determination of bioactivity is crucial for ensuring the safety and efficacy of therapeutic anti-
bodies, necessitating an accurate reflection of the drug’s mechanism of action (MOA). DKK-1 antibodies,
as novel targeted therapies, have shown significant potential in the treatment of osteoporosis and cancer.
However, the current bioactivity evaluation for DKK-1 antibodies primarily relies on the detection of alka-
line phosphatase activity. This process is complex, time-consuming, and highly variable, which limits the
development and quality control of DKK-1 antibodies. To establish a high-performance bioactivity assay
for DKK-1 antibodies, this study introduced a reporter gene assay (RGA). By transfecting HEK 293 cells
with a reporter gene plasmid stably expressing luciferase reporter under the control of TCF/LEF response
elements, we successfully established a reporter gene assay based on the DKK-1 antibody MOA-—the
Wnt/B-catenin pathway. Through optimization and simulation experiment evaluation, the method has
shown promising potential and reliability in practical application. The development of this innovative ap-
proach is expected to enhance the screening, assessment, and quality control of DKK-1 antibody drugs in
future development.

Key words bioactivity; antibody drugs; DKK-1; reporter gene assay
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Fig. 1 Schematic of RGA for determining the bioactivity of DKK-1 antibody drugs
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1.1 FreH5idH

PL101 #A Fe A . DKK-1 HiIR (A S0 560 % /A7 /235D s TGL Btk (ARS8 % A7) s HEK 293 4Hiffi.
CHO-K1 4iffi (3£H ATCC) ; Expi293-S™ 4ififd . T4 DNA %4 . PureLink HiPure Plasmid DNA Purifica-
tion Kits,Expi CHO™ ik 2457 & . OPTI(ZE [E Thermo 23 7]) s Hindl Rl P9 EI . Nhel B i Py
VI . EcoRI FRHPE N YIEE( H A Takara 24 ) ; NC J& (€ [E Corning 28 7)) s it A HRP (ZE[E SBA A F)) 5
FBS(IMARFFFEE M) 5 Lipofectamine2000 (3£ [H Invitrogen A 1)) s Wizard® SV Gel and PCR Clean-up Sys-
tem. pGL4. 49[ Luc2p/ TCF-LEF RE/Hygro |(Z [ Promega 2\ f) s FE 2/ Bk 42850 & C FifEA: T4k
YD) ; Bright-Glo™ Luciferase Assay System(F§ 5t Vazyme A H)) ,
1.2 RS

T ALIRIFA (MCO-18AIC, SANYO) , fHIEK: 4k 7 #8 (ZHWY-100H , LR 0D , M s 0L T
(NanoDrop 2000/2000C, Thermo) » 5 20 B 0> HL (Picol7, LabServ) » 5 2 & S K 1 25 O ML (Frescol 7, Ther-
mo) » YLK UG 0 BT 22 58 (FR-980A, & H B . LI (Gene Pulser X cell, BIO-RAD) . 8 & & fi 5%
(CKX31,Olympus) . i (535 K (TS-8, QILINBEIER) , 4= ) & A6 (GloMAXR96 , Promega) .
1.3 By RIE Rl )

N YUEREMR : R AR R 10 g, BERER U 5 g, EALEN 10 g, AR KS 15 me, 4ifb /K ER =
1 000 mL, @R KE R EHIEIMA 0.1 g AR EREK.2~8 CIHRAF.

LB 55389 - AR U ) 10 g, BERHREUIR R 5 . &AEH0 10 g Aifb /K4 E 1 000 mL, 5 FEZETK
W, 2~8 CIRFF.

DAB 8,22 #h# 10 mL:6 mg DAB #7.0. 1 mL 3% %8445, 0. 1 mL 30 % XUEUK Fe /MR AT it
[l

RPMI 1640/ DMEM #5553 . 43, RPMI1640/DMEM #5371, 28. 5 g B2 &40, 6 mL kLM E4A % 10 L,
0. 22 pm FLYEFRE , 2~8 CLRFF.
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0.02% EDTA 0.05% Trypsin:1.05 g B 248 .45 ¢ &AL, 4. 85 ¢ T —IUKABERA 44,1 g ED-
TA.2.5 g Trypsin, SEPEERG EAZE 5 1,0, 22 pm i JERREH , 2~8 CIAFF.

1.4 Wnt3a E 103K AL B WnBaFE ] ]
1.4.1 Wnt3a ZA H kM, il A R iE 2 1

PRAR R AR i B U P 2 FF /7% VPR PR Wine3a 241 000 bp it 1Bt ][ ggzg;ﬁggﬁ?ﬁ?ﬂg%]
SRR, Wnesa BRI L Fe 4705 Y

N TR AR S ity oy e maiora |- (I pem
Feo SRR Y) S i B FE A R 04 b ——

HindIIT A1 EcoRT 735 Y B4 BORL Al PL10T &
SRR B AT B R AL, R aE s T bpﬁ”*ﬁ&}‘\ [
PEBUTORL , I3 44 4 Wnt3a-Fe/PL101, 2E £ i)

W TE I OB TR 46 e (Lfﬁ;&puoﬁﬁx, EEALTGI J
14,2 Wnt3a A ik #UAR BN 22 5, B BN !

CHO-K1 4iffs A 4 X 10° /9L, 0. 5 mL/FL#EFN & ( Besilie, DRt ]
24 FLANMEEFENL, 37 °C L 8% CO, Hi3E. 40l 1 ANIE

HindIIlI/EcoR
XU S

pg B Wnt3a-Fe/PL101 Jf ki & 3 p L Lipo-
fectamine 2000 % YL i | fin A 50 L OPTI 35 5%
Wb, & 5 min, KPR R GURFNR A T E

[ PRI R TR R4 }

IRARSEMEF 20 min, MREFRAR G 40 M35 SR AR0F 2 Wintda RAHGEMBEREE
L 10% FBS RPMI 1640/DMEM 5¢ 4= 5% Fig. 2 Flow chart of Wnt3a expression
FIL BB EIA 24 FLE: M, 37. 0 C.8% vector construction

CO, ¥53% 48 h J5#E4T Dot blot %5€
1.4.3 Dot blot #ml, HANMIEEFE B 1 ul 2 NC L 10 0 BRI i ] 1.5 h, PBS #IEYE 5 min, 3t 5
Wi, PLA-HRP 110005 1 h, 0. 1260 PBS 22 MUk 5 min, 3L 7 i, DAB €A 5 min J5 FH4lifk
KW 5
1.4.4 Wnt3a &A#H 4 Expi # 4., Expi CHO-S™ 4 75 T Expi CHO™ Expression Medium 1 37 °C,
8% CO,,120 r/min 3%, B YK, AMBERE 7X10°~10X10° mL ", 1% 95%~99% . 402w 5
FEFREFRFE SR 6X10° mL ' ,50 mL, HX 160 ul. Expi Fectamine™ CHO Reagent & 2 pg FRi43 51 H0A Opti-
PRO™ SFM };Fe ke, 45 2 mL, Bk 5 Expi #PAFNRA . iR 5 min 5 H A4 w .37 °C,
82%6CO,,120 r/min FERK;FF 18~22 h,
1.5 4k

CHO-K1 Z4ififF 10% FBS RPMI 1640/DMEM 543535 b 1555, 4 48 h 1] 0. 25 % IR L1418,
SEAR HEK 293 4HIAE S 10% FBS i RPMI1640/DMEM #1537, 45 48 h i 0. 02% EDTA 0. 05% Trypsin
ML, #5400 HEK 293/ TCF-LEF/Luc2p 7£ & 10% FBS. 0. 5 ng/mL # % % i RPMI1640/
DMEM 535,
1.6 HEK 293/TCF-LEF/Luc2p 4l /i 2 iy 4t 5r.
1.6.1 HEK 293/ TCF-LEF/Luc2p/Hygro 20, % #3& ., WARXTEUE KA HEK 293 4H/d 1X107 4~,700 pl.,
pGLA4. 49[ Luc2p/ TCF-LEF RE/Hygro ]Jfki S 8B 40 pg. 10 000 r/min B.L» 5 min, 4ifb K FFEZE 100 pl
JEIMAZIM, TRATEEIBMA 0. 4 cm® WA AR5 8 T AL, - 25 0F R - Voltage (V) , 3005
Pulse length(ms) ,20; Number of Pulse, 1;Pulse interval(sec) ,0;Cuvette,4; Droop,30, L5 0040 M 5k
REYNRSIH 2 102 FBS RPMI 1640/DMEM #5553 1. 500 pL/FLANA 24 LA, 37 °C,5% CO, Hi5t.
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24 h JGHIRA 0.5 pg/mL MIFF 21 10% FBS RPMI1640/DMEM 5 Ve 3G 32 547 FE AL 3R, 84S 15 55 K
HGLIN 3 ], 248 B340 0 0 5 R IR AR

1.6.2 F A Meamiezad &, B2l o b iy 4 bk 85 7 LA B 2 375 M4 15 mL, LA 200 L AL
T 96 FLANMEIEFRARIN . SRS T4 A MR TP A SRR R B 0 B 35 3R 4, DL 200 p BRALEE T 96 FLEE —
B AR 2 A5 L 12 AHRBE INAR T 3 96 FLANIEEFR-ARIA . 37 °C.504 CO, HiFi2y 7~10 d, WAL EIY
BUG IS 2B hmiC s re e 5 R 55 H 2 k.

1.6.3 HEK 293/TCF-LEF/Luc2p #fe % ff ik, U HEK 293/ TCF-LEF/Luc2p 4 dA T35,
WL E Z 7X10° /mL, Wnt3a Expi 13 1+ 8 A5, 40 SR & 145 50 nL/FLIMA 96 LRI, 37 °C .
8% CO, M TFIFE 16 h J5 A 100 uL Bright-Glo™ Luciferase Assay System,fH Promega GloMax 4=
Wy R A DS, AR R GBS o i o 280 20 BRI & A7 200 B sl P D5 S 36 ] AR R AT

1.7 RGA Jiikiitk (a) MI S M2

1.7.1 Wnt3a R E#A, F HEK 293/ TCF-LEF/Luc2p
AR SE AR R L 7}X10° /mL (86,50 pL A3 L% 130
T 96 LA, Wnt3a Expi B 1+ 2 MR EA .50 n 9416
L AL, 2 f5He, 9 AN HREE, SRR 100 pL, K% Kkl

SFIR 1.6, 3, Ry 1 AHEEE S0 B 1 s 2 IRV R IR

6 557

FEH 500 HYELMH . 4361 2000
1.7.2 DKK-1 #E#iA, 7€ Wntda 1 16 [& 7 {FEHIH s 1000
JET ,DKK-1 )5 100 pg/mL #8247, 25 plL BAL. 2 f5 1, L
§ ARFE A IKZR 100 uL. JEARKE AR 1. 6. 3. -
100

1.8  DKK-1 Hifh 4 Pyif P
RGA W 4L F 0. 02% EDTA 0. 05% Trypsin

AR WES R T 102 FBS RPMI1640/DMEM i TS ,
Fedhrp  JRER S 1.4 X 10°mL ", 25 pl FALER T - T——r ~EaE
96 fLAR 1. Wnt3a L& 1@ 4 5 B, DKK-1 #i B £ U , . |
100 pg/mL, & 25 pL &ALINA 96 fLHz. Bl DKK-1 i '
Fifk 0. 37 pg/mL, 25 pL BALIMA 96 LA AP AL E:@ Pk3iE M1 24 A-Hind III digest DNA marker; Jki# M2 2
K18 10 0.6 10,2501, e 2 0
FALIMA 96 FLAR. 37 °C.8% CO, ZMFFHEE 16 h J5 NCBit S 5 CHO-K1/Wnt3a-FC/PL101 53 13 ; P o B #E %
JA 100 pL Bright-Glo™ Luciferase Assay System, Pro- B = (.

NI N N Notes: (a) lane M is A-Hind III digest DNA marker; lane M2 is
mega GloMax A=) & SEA M AR I AR T S B
g tt%jij[ﬁm{} MXKL\{) H:H leﬁi{ DIL2000 DNA marker; lane S is double enzyme section of Wnt3a-

2 ?F[l:% Qiﬂ‘i,e Fc/PL101 recombinant plasmid. (b) blot S is the CHO-K1/
Wnt3a-FC/PL101 transfection supernatant; blot P is positive con-
2.1 Wnt3a ’EE Elﬁ]‘l\: trol; blot B is blank control.

Wnt3a B2 S iz G ER I R G 240 B3 Witda EERIE (a) BEAEEYILTE; (b) Dot blot 1
T Wit B4 A R ST 16 21 e 2 156 7% 25 G 15 Fig. 3 Expression of Wnt3 protein (a) Vector digest
. X Wit D) 3 06 T BEG BB PEAE 13 B AL 1% identifications {b) Dot blot detection
BB RXES [ 1972 4E RN EEEE — T4 DNA 43 F RO A F AW H o RIS 5 T Pk 2 2 F
JHZRHE ASEFGE R EE Wit /B-catenin {5 58 B AU LR Wnt3a (YA, W11E 3(a) , Lip2000 BRITEE
4t CHO #iff1)5 . Dot blot A5l 45 3R WoR A RSB R AR AN 3(b) . S 1 R AU I 4 11 4 ok if
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17 Expi 53¢ 3018 T & i m i B H L.
2.2 HEK 293/TCF-LEF/Luc2p %1% 44 &t
pGL4. 49[ Luc2p/TCF-LEF RE/Hygro ] ki [z
PG WL 4 Ca) , 23 R Y 15 K i 45 05
T g . FIH B ACK pGL4. 49[ Luc2p/ TCF-
LEF RE/Hygro ] # /&5 A HEK 293 411, 355 7%
TCF-LEF KW ICH Y T Rk 5OGER B 3L 300
Yiiffl, BESS . FIH Wnt3a FlEE 5 2= B Pk
S PR A U 5 20 B, AEFRATT S 1Y 8 Bk va B rh

Synthetic poly(A) signal/
( a ) Iranscriptional pause site
(for background reduction)
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Sall
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1-B5 SR H 8¢ 1 2 G R B B A5 5. A 4 (b)),

R A 2 PR b ST iy e 7000 () ——
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Y,

2.3 RGA Jiikiiie jgggg e & = Wnit3a
T W SR DKK-1 B (I | =L

B e BATR Wnt3a B DKK-1 9 TAEWREIAT T 2 .

fitk. # %6, 0125 1 06 1 1 HEK 293/ TCF-

LEF/Luc2p 41 Wnt3a (9 TAEH B AR 75 B¢ NEE -

L) Wint3a 366V 5 A0 S 40145 90 5 S 0 28 L SR SO S e S SO

P 5Ca)  FATRBUAE 1 ¢ 16 HORRBELL T  Wnt3a A TS

W= RO R S heom ., Tk —a5 R, AT £
1+ 16 WRRBEHLAE y Wnt3a B TARMREE .

Bije . AT — 21k T DKK-1 & H 7E RGA
w8 Ry FH e B L 7F EL S 1 Wnt3a B TAR MR 3%
Bt 1 o K 20 5 AN R v B2 %) DKK-1 GRS 3R T4 vk B2
25 png/mL, 2 fE RO JLIEE , & 5Ch) , N AR IEBT IR A 2 0% 19 SO 45 5 DX TH) , B 288 8 25 pg/mL
DKK-1 (4 fe A TAR R B, iff ORS00 3R 0% AT 554

B 4 RGA MAMTEIE (a) REERERHEL;
(b) BIEPERGIE; () LT ERIE
Fig. 4 RGA effector cell screening (a) Plasmid Profile;

(b) Maternal clone screening; (c¢) Subclonal screening
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Fig. 5 Optimization of detection protein concentration (a) Wnt3a; (b) DKK-1
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2.4 DKK-1 Hith 2B id vt 4k
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10 000 = Wnt3a VR
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Fig. 6 Bioactivity evaluation of DKK-1 antibodies (a) DKK-1 antibodies (mouse) ;
(b) DKK-1 antibodies (humanized) ;*+**%: p<Z0. 000 1
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