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[ Abstract] Objective: To develop a cell-based reporter gene assay (RGA) for bioactivity determination of
anti-EpCAM + CD3 bispecific antibody ( BsAb). Methods: A HcT116-Luc cell line stably expressing Luciferase
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(Luc) was generated as the target cell, and a HuT78 cell line served as effector cell. The RGA was established by
optimizing the initial concentration of BsAb, incubation time, cell seeding time, the ratio of effector cell to target
cell, and cell seeding density. The specificity, accuracy, precision, linearity, subculture stability and robustness
of RGA were verified according to the guideline of International Conference on Harmonization of Technical Requirements
for Registration of Pharmaceuticals for Human Use (ICH) Q2 and Pharmacopoeia of the People’s Republic of China
(ChP, 2015). Results: The parameters of RGA were developed and confirmed after optimization as follows: The
ratio of effector cell to target cell was 10: 1; After mixing effector cell and target cell, the mixed cells were seeded
in 96-well plate with 1.1 x 10* cells-well ', which was cell seeding density; The initial concentration of BsAb,
3000 ng-mL ", was serially diluted by 1:3.5 for 9 gradients, and there were 10 detected concentrations in all;
The serially diluted samples were incubated for 72 h with the seeding cells. After the incubation, the Luc intensity
was measured, and the dose-response curve was fitted in a 4-parameter mode to calculate the relative bioactivity of
sample. The accuracy, precision and linearity verification were performed by 8 potency concentrations, which were
50% , 70% , 80% , 100% , 120% , 130% , 150% and 200% potency concentrations. The recovery rate range of
relative bioactivities of 8 potency concentrations was 95.48% ~ 107.37% , and the coefficient of variation (CV)
ranged 4.80% ~9.97% , which was <10% . The measured potency to expected potency was evaluated by linear
regressing model analysis (r° >0.99). The Luciferase was stably expressed in HcT116-Luc cell between 14 and 33
passage. Conclusion: Based on passage cells, the RGA has been developed as a simple and convenient procedure
for determination of bioactivity of anti-EpCAM + CD3 BsAb, and its specificity, precision, accuracy and robustness
met the application requirements.
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7.30,7.31,11.79,8. 17 F1 8. 72, %K 8 40 it 122 Fh 255 i
1.375 x10* F10.687 5 x 10" 4~ FL " i 1) & %% 7 flly
L ER MG R BB, S/N B, B HoAl 20 A7 7
WEMEZER (P <0.05) , L& PPA 50 i Fe e 1 Fn
Gy VEE AN M R R R E N 1.1 x 10" A~
L'

4 RGA FiEZIGIE

4.1 455N RS UE AL HE A0 0 S 0 5 UE N
FESRE SRR UE o 20 M A R 0, (AR E R
ik Luc 3 A 19 HEK293-Luc 48 Jfs % 18 HcT116-Luc
I A Ry BE 20 B, {5 H] Daudi B 48 g & /8 HuT78 41
FRLAE Sy 250 00 44 L, 4 501 1 AT HE A R R A% 4 B Y
LSRR, G5 ANE SA B, RO 0 i B AR S
TC i RO S P, U BT HUA R S 1 8RR 4 [ B A
TE, BsAb A GE A 3 R0 4H A XT HE 41 B A9 R S v R
gt



A 14

" I ® HcT116-Luc+HuT78
12 = HEK293-Luc+HuT78
1 4 HcT116-Luc+Daudi B
2038 X
3 0.6 i
o
0.4
0.2
0 1 1 * ]
2 0 2 4
log (BsAb, 3 J#)/ng-mL"!
AR

HcT116-Luc+HuT78: ¥=0.119 6+(0.848 1-0.119 B)/(1+(X/13.37)*1.337),=0.952 9
HEK293-Luc+HuT78: Y=0.865 5+(1.017-0.865 5)/(1+(X/3.937)"189.0),r"=0.111 0
HcT116-Luc+Daudi B: Y=1.003+(0.897 1-1.003)/(1+(X/67.44)51.49),°=0.249 3

C 14r

12}

‘l -

§ 08|

2 o6t
['4

04}

02t

0 1

Chinese Journal of New Drugs 2021,30(1)

B 1.2 !
* anti-EpCAM+CD3 BsAb
1 ® anti-HER2+CD3 BsAb

= 08 4 anti-CD19+CD3 BsAb
pe] v atni-HER2 mAb
3 0.6 ¢ anti-CD3 mAb
T 04 anti-EGFR mAb

0 o anti-PD1 mAb

log (BsAb, 3% J)/ng-mL"
ABYTIRE:
anti-EpCAM+CD3 BsAb: Y=0.144 9+(0.943 5-0.144 9)/(1+(X/12.69)"2.482),r/=0.961 3
anti-HER2+CD3 BsAb: Y=0.578 0+(0.902 6-0.578 0)/(1+(X/250.5)*1.410),r#=0.414 3
anti-CD3 mAb: Y=0.556 4+(0.847 0-0.556 4)/(1+(X/31.52)*1.992),2=0.664 4

i *4°C

m100C

1L i,

-2 0

2 4

log (BsAb, ¥ fi£)/ng-mL"

A2Y iR

47C: Y=0.128 6+(0.920 4-0.128 B)/(1+(X/14.33)2.053),#=0.959 0

AR B S MR S TR SR 5 B R DGR B R S M SRR 45 2R 5 C o TR R R A O R e M R R 4 R
B S g ungs R

B AR S PR G H X 6 AN AH SEBE SR 1 AN
EpCAM + CD3 BsAb ) 3 il [ i £ & JE AT 400 . AH
SEHRE S A A (ULIE SB) , T CD19 + CD3 BsAb | fifi %
¥k B i ( anti-HER2 monoclonal antibody, anti-HER2
mADb) P4 % HAT (anti-EGFR mAb ) 117 1 1] 2 5
Pt (anti-PD1 mAb ) ¥y oK £ B U] 1 i & 2% i 465 9t
HER2 + CD3 BsAb (anti-HER2 + CD3 BsAb) Hl #ii
CD3 H4t (anti-CD3 mAb) fh £k 5 B — & 4 A ¢
P AR LR 22 (7 3 <0.39) , 54 EpCAM +
CD3 BsAb b4z, H S/N HAF 76 W 0 1Y 35 1k 25 &
(P <0.001) , e il GEJ& 4T CD3 34545 IF 30 T 240
LI 7 AR S R IS Rk
S 0 S e A AT R R S e fERT /N {E
FGUi PR AR T LUHRBR o o 0 R i e i AG I o
(WL 5C) ,100 CALBE 6 h K it 5 R AL BEAE i (4 C

TRAF ) AH B, % ) B A BE 50O B/ 5 HuT78 41 ff 5%
i HeT116-Luc 4 i, Jo =2 6 .

e S 06 IE 5 SR B, 45 4 3 Y Y 2R 5 3 P M
PRUES R T, HE ST Oy Bk 0 R S PR AT R R R
ZOR
4.2 BEEEWUERMEME % MR E
i 100% A2 4R EE (3 000 ng-mL ™" ) fE S 2% Uk
LA S W E R 50% ,70% ,80% ,100% ,120% ,
130% ,150% #1 200% R A vie B, 311 8 A4 vk J&
BE S BB AE RGN 3 AT RE  ELENE 3 d,
SR 1 ME 6A, KUk F N 95.48% ~
107.37% B {E BIS MW BT = 15% Ju [l N, H [E] 48
S ZH% ( coefficient of variation,CV% ) Jy 4.80% ~
9.97% ( <10% )., LI E45 R FWHH A RCA B B
AR U RS % R FNERA A

R 1 RGA LB UMERSVEFIRS 5 e S R

RN e L AR H Wy 2 3 1/ % I i A/ %

/% B (el SD H | CV% 95% C1 ¥ SD H [\ CV% 95% C1

50 48.31 2.48 5.14 46.40 ~50.22 96.61 4.96 5.14 92.79 ~100.40
70 70.85 4.94 6.97 67.05 ~74.64 101.21 7.05 6.97 95.79 ~106. 60
80 82.19 5.83 7.10 77.70 ~86.67 102.73 7.29 7.10 97.13 ~108.30
100 107.37 8.92 8.30 100.50 ~114.20 107.37 8.92 8.30 100.50 ~114.20
120 116.55 10.40 8.92 108.60 ~124.50 97.12 8.66 8.92 90.46 ~103.80
130 124.12 8.41 6.78 117.70 ~130. 60 95.48 6.47 6.78 90.51 ~100.50
150 153.74 15.32 9.97 142.00 ~165.50 102.50 10.21 9.97 94.64 ~110.30
200 206.39 9.92 4.80 198.80 ~214.00 103.19 4.96 4.80 99.38 ~107.00
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A B 1401 c
225
140 200+
120+ o
o 120 o S —I -i- = 175
S N R = 150
~ - s . . * s .
%?rloo-%-l.—‘-}_l_{__]:_‘]:—e‘ & 100 2e . §125-
= . I = & 100
B g sok =
w151 Y=1.027X-1.96
60 50 R?=0.992 1
1 1 1 1 1 1 1 1 60 1 1 1 1 1 1 1 1 1 ]
50 70 80 100 120 130 150 200 A B %50 75 100 125 150 175 200 225
PR IR/ % IR IE / %o

A AN TR e P PR A I 45 2R (95% CI) 5 B o o [RDRS 2 2 B0 i 45 28 5 G 2R R B0 Ik 45

& 6

CRIGTR R o S SR VAT W 5 NG B W I S N |
BF )% 100% &4 #r e B2 #EAT 6 WA %0 72 | 7 34 4
Xob A B 20 43 5 104.33% F1108.45% , H:95%
H{£ X 8] ( confidence interval ,CI) 435I >& 95.01% ~
113.70% F1 99. 84% ~ 117.10% , [8] Wit R 1 80% ~
120% S B P4 2 A A I 45 28 28 30 o 4 4o A A i
EMEZER(P=0.4243, LE 6B), L iR45HUF I &
SEHY RGA 5 i B R 1 o [RDHS 25 B

LRI TIE R 8 AN R VR B 1 G I A X A
2N PR 5 B G A W 2 T M (E UE AT 2R 1 TR ) B
(WLE6C) o Af UL AT 1 A= 4 2 1% Pk 5 T3 A= 4 2
YRR R EIEER Y =1. 027X - 1.96,1° >
0.99, Ui Wl 37 A9 RGA 1 B B a2 .

A2
’ * SRR
1 m = = 14K
0.8 A %24'{t7k
g0 v 533K
3 0.6
o 0.4
0.2
% 0 2 3
log (BsAb, & fE)/ing-mL"
ABHOTRE:

5%k Y=0.029 35+(0.824 0-0.029 35)/(1+(X/6.582)"0.918 6),r=0.965 4
14K Y=0.037 12+(0.944 4-0.037 12)/(1+(X/13.28)"1.748),r*=0.979 4
242K Y=0.037 57+(0.818 8-0.037 57)/(1+(X/10.72)"1.218),r*=0.985 5
4334RIK: Y=0.040 77+(0.878 4-0.040 77)/(1+(X/13.39)"1.215),r?=0.988 5

12

ECy/ng-mL"

SR WA H24Mak SES3RIK

32
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YR RS 8 IR S5 R (x £ 5)

4.3 RRBEM ELH5F HeTl16-Luc 41 il &
33 MR (ML AL AR T R —R7)  HL4 SRR
(5,14,24,33) A0 MO -4 716 PRSI . 4 SRR = AL
il £k 35 S PR A S B 4 BRI (WL TA) 4 5
7 0.9654,0.979 4,0.985 5 #10.988 5,S/N {8435
7 28.07,25.44 ,21.79 Fl 21.55, XA ¢ 46 56 40 47 4
AR S/N AN B B3 P2 5% (P >0.05, WA
TB) HHE 14,24 F133 3k 3 MUK E S ML EC,,
BEETHE S RKIhZ& D EC,, (P <0.01, I K
7C) HEMLE 14 AR LG, #0040 i i 56 R A A Fe e
MR bR S5 AL e & ] T4 Y HeT116-Luc 48 il
R A 14 ~33 K.

B

301

20
Z
%]

10F

HHRIK 4RI AR HIIMRK
D 1.2
¥ 9%FBS
1 v * 10%FBS
L A 11%FBS
g 0.8
S 0.6f
)
X 04F
0.2
1 1 ]
0—2 0 2 4
log (BsAb, & Ji¥)/ng-mL""'
ABRTTFR:

9%FBS: Y=0.050 51+(0.970 3-0.050 51)/(1+(X/6.759)*0.837 0),”=0.978 5
10%FBS: Y=0.043 18+(0.906 8-0.043 18)/(1+(X/4.844)*0.729 1),°=0.980 1
11%FBS: Y=0.046 86+(0.946 2-0.046 86)/(1+(X/5.189)%0.751 0),2=0.979 6



E
1.2 =66 h
1k ®72h
A78h
g 0.8
=) 0.6
-
X 0.4
0.2
1 1 J
0-2 0 2 4
log (BsAb, % f£)/ng-mL"
ABYTTRE:

66 h: Y=0.085 56+(0.975 0-0.085 56)/(1+(X/6.363).121),°=0.952 7
72 h: Y=0.068 35+(0.947 1-0.068 35)/(1+(X/4.010)"0.762 6),7=0.965 4
78 h: Y=0.069 01+(0.978 0-0.069 01)/(1+(X/4.184)"0.785 9),°=0.962 2
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= 2700 ng-mL"
Ir g #3000 ng-mL"'
0.8 4 3300 ng-mL"

1 I
0—2 0 2

log (BsAb, & f)/ng-mL""

&L

ALY
2 700 ng-mL-": Y=0.071 32+(0.873 2-0.071 32)/(1+(X/17.22)*.233),°=0.980 3
3000 ng-mL-": Y=0.101 5+(0.885 9-0.101 5)/(1+(X/12.24)*1.848),°=0.974 8

3300 ng-mL-": Y=0.091 94+(0.852 1-0.091 94)/(1+(X/10.73)*.228),°=0.992 2

A4 AR HeT116-Luc 40 Al i85 3005 7 B 48 5B 24 ARk HeT116-Luce 4 g &30 mi 28 19 S/N {5 C .4 MR HeT116-Luc 41
JH B 28 9 ECs, 5D FBS He 3 AR Ak o 4G T 235 5% A9 52 R0 5 E 2 007 35 1sf ) 7258 fho b A6 3000 485 2R B0 532 0 5 2 7 s e 8 725 b ko A T 4 S

IR ; a: P <0.01

B 7 M R AR E A PR SRS R (2 5,0 =3)

4.4 TWAM WSS 3 RN A, 5B
SR B FE RG24 1% (fetal bovine serum, FBS) ¥ J& 2
Ak 0% B ) A) AR Ak AR 4 ik B AR Ak, 8 Ak e B Y
+ 10% TR FF A 56 F G 00 25 51 WL 1 7, K5 3% 3% FBS
e JE AR AL 0 B 1) AR R R 2 > 0,95 (LA
7D FTE) , XM ¢ K 5 43 B AR AT S 4 4 S/N
] EC,, A BA B EME2ZR(P>0.05), ik
B 2700,3 000 F13 300 ng-mlL ™R 4B
7 0.9803,0.974 8 f10.992 2( WLIE 7F) ,S/N {4
Wk 12.24,8.73 F1 9. 27, 2 WA ¢ 46 5 40 #4558
R EC, M A BEA B EM 25 (P >0.05),{H
FEAEHSE 2 700 ng-mL ™' H AL S/N 5 3 000 F
3300 ng-mL ™" 14 S/N A B EMLER(P <
0.05) , = 55 i i e B B AR S B0 it 2R 2 B8 A3 G
B4 S/N ¥ > 5,0 B N HZ R, B kg5 3 al
L HEST B RGA 2 BT KA Y i 4

it

BT RS HE R RGA 1 A 9 27 05 1 Il 2 & 9
TR Y E Y T Y RGA
I HA TR A PREE R AR E YRR AR TR E ST
RZG Y L W) A0 P RCA B CHEAE T 7] 5 hiik 2y
Wras & WO TC IR 8L 24 Wy 1 AL B 200 I N 5 A%
S RS2 bR AE S U R i R GA 3 AN
T ABEFE R, I E T 40 55 2 BsAb 4 i
AR 8 IR Luce 4% 7 3 RS E % ¢ HeTl16
20 i, T R 4T o e DAL ) 2 s i SR A HE 4 i B9 A
PR RAL S RCA i1 3 DB RN, N

45 JE PRV I AR 259, R O BsAb 7R 2R
Py 25 T T AL TR LS

ARBEGE NG Luc 2 45 56 K A2 8 % 4+ HeT116 41
JiL, B #E ST A T ST AL AR A A B EpCAM +
CD3 BsAb A: ¥4 3% o I 52 () RGA i, BT # 57 Jy ¥
WAL SR PBMC A% 477 8 400 i 2 LA 45 48 187 B L o o
PEEROL S . ik I U2, SRR, BT 8 ST Ik
SelE R RS R e AR e i 2
FFG BT EpCAM + CD3 BsAb Ji7 2 2 il 1 1o JH 225K
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