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Abstract: This study constructed a LHCGR-CRE-luc-HEK293 transgenic cell line according to the activation
of the cAMP signaling pathway after recombinant human chorionic gonadotropin binding to the receptor. The
biological activity of recombinant human chorionic gonadotropin was assayed using a luciferase assay system. The
relative potency of the samples was calculated using four-parameter model. And the method conditions were
optimized to validate the specificity, relative accuracy, precision and linearity of the method. The results showed
that there was a quantitative potency relationship of human chorinonic gonadotropin (hCG) in the method and it
was in accordance with the four-parameter curve. After optimization, the conditions were determined as hCG
dilution concentration of 2.5 pg-mL", dilution ratio of 1:4, cell number of 10 000-15 000 cells/well, and induction
time of 6 h. The method had good specificity, relative accuracy with relative bias ranging from —8.9% to 3.4%,
linear regression equation correlation coefficient of 0.996, intermediate precision geometric coefficient of variation
ranging from 3.3% to 15.0%, and linearity range of 50% to 200%. This study successfully established and validated
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a reporter gene method to detect hCG biological activity, which can be used for hCG biological activity assay and

quality control.

Key words: reporter gene assay; human chorinonic gonadotropin; four-parameter curve; biological activity;

method validation

N 4% E IR A M I ¥ & (human chorionic gonado-
tropin, hCG) & —FP Bl & H I E, £ AR IR YT
RIEHE FRBEMAE Y. hCG & i iR 3 & f i 77 2 41 i
U ME R ER, REAE B AE ORI I, 4EHF AR AN
TEIR, TR A A B A B AR, W DL T B A B A
BITAZBAE R, B4, Bk e T 7 PELRE &
1, WIPHYE B 52 DL R AR A7 RE S5

B B ARV TR, B2 KA HEA
DNA F A KAz 7= # 20 N G52 V£ 2 (recombinant human
chorinonic gonadotropin, thCG), M Il BE % £/ 1IF 25 ¥ 1)
KIRFGE R L e Y. BHatER S B
) thCG 7= i AL FE 2 11 [ A1 1) 38 75 1 thCG 7= il 3"
FHE N 25 B A2 7= 16 thCG = S £ 5 CLteiE 1 iE
N IE D45 T A T A BS 52 12 Wi AR T SR D) REAIC
NHTEU B AT AR IR A TSR 2ot
ToHEINVEANZAE T A1 52 K5 DLIR B2 A B BESH i |
TR D RE A 4 TR PR S5 . T hCG Z ) R
A A VAR ALY, A I 2R s M D 52
A EROBT A Se 5, B AT 1 25 sk il i Uy
AN E B E D OR R E R E RN OR ROR
PG R, b [ 25 4 (2020 JR) H iR T hCG
(49 A2 4000 7 VR /N BT 0 D, (E R B ) SR A
TEAG SRR 22 7K o B SE e IR e 2 2
S n) G, AR AR R R D DR BRI P,
X hCG A RILEIA T RN W FT, 35 32 AR 1R
T S I R B A B RURE, R R A i R RLVE X
hCG FAT AW E v ™. [F)J& T GPHs [ 5 i
#Z (follicle-stimulating hormone, FSH) F{ie H bR i34
% (thyroid-stimulating hormone, TSH) B33 T & 7. 11
i i DRI AR v AR I g VAN AR SR A
— i B PRI 40 B, B hCGE Tz 4, @ id {5 5l
S R A5, 0N T N T A, AR AR R AR, P AR R O E
5, K H Steady-Glo Luciferase Assay System & ill] 5% 5t
FIRIBEOR W hCG AV = E M. AR R E
] 24 B8 ) 9401 X A 7 vk AT Ak 5 B e, S5 R R
B, A7 5 B AT TR B v T JB R I AR e MR SRR A
ASCHEAE T —FhEE R HERRE SR E IR T M
1) hCG A=W 1 5 J7 %, A AR A A B2 ik
e B ACH T hCG A 13 P s I R0 o =2 4% 1 o

MR57E%E

{88 CellXpert C170i — Ak By 4 i 5 75 4 (1
Eppendorf A 7]); TS2-FL 8 & & %% (H 4 Nikon 2
#]); SORVall ST8 & 30 & 0 HL (32 [E Thermo Scientific
2 wl); TC-20 4x H 3 40 i v HAX (35 [ Bio-Rad 4 A);
MTS 2/4 T LI IR 7 2 (18 E IKA A F); 2 ThREmEAR{X
(3 [ PerkinElmer 2 7, P B 34 iR A 4.13.3005.1482);
LC-20A VAR (LB CH AR By AT .

X M5 F  HEK293 41 j 14 [ Procell 2 7 ;
MEM £5 72 % (11765054) f5 4 MLiE (FBS, 10099141).
0.25% Ji ilf -EDTA (25200056)- B |2 2k 2% #h ¥ (PBS,
20012027) 11 H Gibco 2 7 ; Steady-Glo Luciferase
Assay System (E2520) JJ H Promega /& 7 ; puromycin
(P8230) 1 H Solarbio A ] ; zeocin (ZEL-43-05) 4 H
InvivoGen 2 7] ; #H 240 A 45 2 1% & (thCG) #x #E i
(410021-201901)~ %k {i2 ¥ 2 (hCG) Fr #E i (150513-
201910). # 4H A & 5 ¥ ¥ & (recombinant human
follicle-stimulating hormone, rthFSH) #x #E /i (410018-
201701) ¥k B o [ £ i 2 5k E B SR (R B AR AR
i % (luteinizing hormone, LH) [ B b5 #E 5 (81/535)-
#H A N BRI K (recombinant human thyroid-
stimulating hormone, thTSH) & Fx 5 7 & (03/192) 1%
EE F W) ) K € B ; pLU-LHCGR Al pLU.
Luc.CRE.PGK.Puro #f& I H 75 M ZRIE AV EARA R A
Al R R (508 230205.230206.230301
230302, 230303, 230304. 230305. 230306. 230307
230308) FyES HEH N R (55202106001
202204001.202207002) H Ak 2t

KFVESH  se 4k gidt: MEMBSFEAE + 10% FBS +
3 pg'mL" Puromycin + 200 pg-mL" Zeocin; ¥ & i Ff
TR/ RS 7R 5L MEM B 97 5

MERFAME % pLU-LHCGR (luteinizing hormone/
choriogonadotropin receptor) 2 %5 &5 # /4 # N\ HEK293
Y, SR )5 FH zeocin X 40 RIEAT ik . FHERIA R MR
B ) pLU.Luc.CRE(cAMP response element).PGK.Puro
44K ¥ N LHCGR-HEK293 4 i), /] puromycin i %
% #) LHCGR-CRE-luc-HEK293 41l g ¥k . ] 52 4> 5 9%
H (MEM K5 925 + 10% FBS + 3 ug'mL™" puromycin +
200 pg mL™" zeocin) ¥ 1%t LI 4 i, £83 29 3 A 1 i



- 434 - 2% % Acta Pharmaceutica Sinica 2024, 59(2): 432-438

e, A PR AR IA AT B H R 1 B s R A ik . A
Jf Kk iy 4 9 LHCGR-CRE-luc-HEK 293 41 ff bk, Hi A 5k
58 EARAT

BIESH S ECh e N RILHE 2 42)2020 hi Y
o E M) 1431 DY ZHnl 5 TH 5%, fd F GraphPad8.0
A AN SoftMax9.0 F A, DLV FEE 10 S Ji 0 £ i
ABFR, XF N R G BT (relative light unit, RLU) JLf
SPIME RPN G VY S B 22 . 045 Rtk A7 T 5
PEINGS, 6 /2 R G008 PR, RIS 40ih 42 75 75 B F
(1550 SV B P, 0O S RO 2 S TR 20 R, [R1IH
TN AE® 53 (P < 0.01), Ml 85 -FA7 RS 2 2 JUl 35 B AN
3 (P> 0.05). Xof T3 ik m] S 2R W0 56 0 5 56 45 51, R
FH £ AR B v S R T $U & itf 28 EC,, 11 U AR, 1H 5 A5
at K AER 200 (R). R = (R il BC,, / 1 i ECy,) %
100%, L& (P) NP, = brn i (4)R.

FiEFEMRAE

o i 55 75 I R O AR KW ) LHCGR-CRE-
luc-HEK?293 4l i FH PBS 8%k J 1H 4k, FH & fili 5 77 244
ZH IR P R B 2 2% 10° cells-mL”, 70 & [ 4 AN iE G
(196 FLAR T, FFFL 50 ul, RN A At 5T . K
Tl T S 96 FLIRCE T CO, 8537+ 46 h, 254837 °C.
5% CO,, 1 M1 £ P I BE B[] 3 531 9 0 F 18 ho YL
thCG bR S — 32, TN 1 mL PBS W R i, 15 31k &
N 250 ug-mL" FIFE S VAT . T RE R R TR R 1S 2
2.5 pg'mL" ) thCG ¥ MV . HURFE 9 2.5 pg-mL”
(IRE b TRVRCBEAT S AR BB L (114) Mk, 3L 10 IR BB
B o a3 AT 10 N9 B B S A% B AL 50 pl 3%
Fhan B i 96 FLARH, “FAT 2 ANE AL, BRSNS . ¥
TN S 1K) 96 FLARECE T CO, 15 37 86 R, 4514 N 37 °C.
5% CO,, i B 6 h. &FFLJN 100 pL V& % 351 1) Steady-
Glo 42, A IR 1. 300 r-min” #E YRR S min.
187 FH EnSpire Bbr (X 32 U GAE S 1E -

e EREE  HOS A KA LHCGR-CRE-luc-
HEK?293 4 i FH PBS Ji8%% J& v %, FH 2Rl 5% 77 58 0 4
i % EE B &2 2% 10° cells-mL™, $2 Fh 2 [ (8 A% 6 Y
96 FLIR 1, L 50 pL, RN F AR A5 . KR
T Y1 96 FLIR K B T CO, 85 - M v, 44 M 37 °C
5% CO,, % & 12~18 ho ¥4 thCG br#E St 5 FE i b
PR B IR 9100 pg-mL!, FBELL 115, FRE 204
WERE L, AR AT 2 AR L. HoAh &4 R 40 i
Br IR (A PR

MR A AR R b — 2B e I = A0 L, i H
thCG K F VTG E N 2.5 ng-mL”, R R L, 1R
P S0 20 e R R b . L B RE SRR LAk 4
(1:3)5 6% (1:4).6 £ (1:5), RFIHFRE 10 AU BB,

RN FE A 2 AR AL, ot 2% 14 [0 40 B 5 7 B [ 20 B

OM R RRAE D Al S E R VA TR B
RAILEHRE RN 2.5 ng-mL", FBELL A 104, $FRFA H 40
o 555 5 ) B S 28 . % LHCGR-CRE-luc-HEK293 4l
O Ak B0 J5, A RS % 2 0 T B B B TR 1¢10°
2x10°.3x10°.4x10° cells-mL™" PUAN ¥ B 11 40 it B, 22
Pl AR IE S 96 LA, FEAL S0 pLo Fo At 5% 14 [F)
Y 55 7 B o) 2 B

SRR ER AT A 2 AR B AL 1 S R4
N thCG bR SR AT Ga W B 2.5 pg-mL, FiE L
A 14, HIEE (2~3)x10° cellsmL o R FEA I H
I ) B2 £k .« Kf LHCGR-CRE-luc-HEK 293 4 g i1
B J, SRl 77 2L 4 B i (2~3)%10° cells'mL"!
) 4 2 9, 23 il 8 b & LA (R 35 ' 96 FLIR
FEAL S0 pLo KE4ZM 7 4RI 96 FLARUICE T CO, K: 7%
Firh, 244837 °C.5% CO,, 1 & 12~18 ho MK
VWG 23 B0 & 3.4.5.6.8 ho  Hoth Z% 4% [7] 40 ffg 1% 77
N [) 25 0% o

FEFRIE

L@t hCGJE THEOBEFIE, BEOMERT
AR AR AR R R OV R e R & . R,
AWFFEEE T hCGLHthTSH.thFSH #4758, 3iiF 1%
JNERE @M. % hCG.LH.rthTSH.rhFSH ¥ 5 1% U
FE it 1% 5% 32 1) B 1 2 AH [5) 1) )28 ZR MR B 68.12 nmol-mL",
T FHRE SR RV AT 5 A RO R FE AR B, R R 10 MUK
FERREE, B NIREE2ANE . IMAFEMSEREE 6 h, LA
thCG #pifE i E RS L

FE X 4 G 2 P o TR R L B R RN
WIGE I N 2.5 ng-mL™" (1) thCG 1 A J7 25 56 4E H v B
FE I 2 L dh, 43 1 & S bR IR BE 1K 50%- 71%-
100%- 141%+200% {E N FFIUE [ FE 5, 2 LS FIFE 5
AT SAG A BEM RS, JLRRRE 10 IR FERS BE, BN
FE2AE AL AN KB 2 2500 N RTE 4 AN
H 8 T 4 A 20 B AR CEAT REO 200 B0 5 o AR B R
FE] 245 88 9401 38 T LA AN 2800 7K T DU A5 (0 AE R 2804 1)
JUART bt Al 22 B8 L AR 28 S 2R BOR VPA v DA 4 1

L IhRERR e MESREG  FEQUPRIE SR IR, 43
A 10405 200 5 308 5B 40 R E R —
I IA) AT 2 0%, ESAER =R B R AR R R B4
WA AT AL S 1R 2% A 30 4T thCG R A i P 2, 36A1E
AN FAR 0 A i ) B 5 1 o

RS20 AR A S IR S B R rhCG & kA&
SE AR 15 O R R D 100% % thCG ¥ T 7Y
AR 0.5.10.25.30 K, LA 2 45 5l F & i 60 °C i #4
FEAR 023,610 15 ho X H5 4b 1 Ji5 FRIAE f 12647 AH GE 2%



TOFAE AR SR RIVE DN NGB AR Y iR L -+ 435 -

MBI, B %07V R . AT 2 - HRBE (3
% (SEC-HPLC) &l 28 1o vy Jia A 98 6 4k 3 5 1 thCG
TR i, FH T AR A — A2 A WA o o AR PR 4l

B rhCG bR, 70355 1.5 mL &0 4, &
JEE A 5 BT AR . B B IR R 60 °C, 43 il
II#0.3.6.10.15 K. HUrhCG hrifEfh, 703 %) 1.5 mL
HOEY, HEOESAEE TReEELRHE S . %
BIGIBRE A 100%, 75 A58 GRS 0.5.15.25.30 K.

X F Waters XBridge Protein BEH SEC 200A 3.5 um
(7.8 mm x 300 mm) &% €154, LL0.1 mol-L"' Na,HPO,
(pH 6.0) AL shAH, I 4 0.86 mL-min™', #7425 °C,
K%K 214 nm, FEFEE A 10 pl.

TN RPERERINERME XM 8 7 E A5
BESL R B RE S B s (R R 24 8 (2020
Fi) 38 ) 1209 R A2 P 2 A= P e vET) 5 SRR DG
JEEUR E AR PR A ) 10 FiyE B F SR 1 2 R0 3 4ty o
FHE AN SRR 2=, 20 i) A o5 2 DRV R0 3 A 2 0t
wt AT AR A A T T A

&R

1 FEMmK

1.1 ApaiEFRatiE) 4R DSt 245 R B, 4l
AR (8] 49 0 h B RLU B G 44t i 6 A5 i 18] /9 18 h,
S e G B S 00 24 05 75 0 RLU B 8 i o 1 B 400 i 0 e
Ib Tk B T 4T i) A Akl 2 g S, Bt DA 2 4R A AE
i E RIS . R ILE 1A,

1.2 EMEE K E rhCGWIHKE AN 100 pg-mL™,
FRRELL 105, MR 20 MIRERE B, “FATH N EIL. T
P eaEn TUSHMEN L FES e, 410
1B A 1 HE— 0 B8 € IR 46 IR BE, AR 48 57 2
SN 2R I RSP S R ZR M 4), L 2.5~25 pg-mL
NETE I BV L, 3T N — SRS . MRk
FER 2.5 pg-mL i, US4 & s i e A,
FRF A=A A, VA U A RE SN 0.990,
SIS AE R LA 1C. Rk £ 2.5 ug-mL " AR E .
1.3 HEREH RIEENGCEERHE TRIBIKRE
2.5 pgmL", N TESHh &R IR i ) 5 BT
P&, H ARV 7 1 s A 34, AR T S 50
BUT 10301040105 =B 40, & MR 10 IR B2, LE
BAFMREL 2k, SR ILE 1D = /MR Eh
2 REIAE0.990 LA b, MR HCN 130, FFEH
BE SR D MR RN 1ISH, T PERERKE,; X
MR ECN 14, A e R & 5 L TP
& AR MR 43, DRI X 114 4 thCG G B 40
1.4 YRR G LR e LR DY S 3 26 1 A

A 6000004 * Celladhesion 0h B :
-= Cell adhesion 18 h 1000000 .
800000
i H000004 D 600000
= 00000 2 4000004
200000
0 - T T T | 0 f ¥ T 1
8% 6 -4 2 0 2 -15 -10 -5 0 5
log(thCG concentration / pg-mL-") log(thCG concentration / pg-mL"")
C
8000007 -+ 55 g ! 1000000 _
= 25 po-mL! - 1:3
600000 -2 UL 8000001 = 1:4 .
+* d | 155 4
5 200000 % 5 600000 y
400000 (®
200000 / S0 /
0 ooty T T ! 0 s T T 1
8 6 -4 2 0 2 8 6 -4 2 0 2
log(thCG concentration / pg-mL") log(rhCG concentration / pg-mL™)
E 5000 F
o = 10000
6000007 7 19000 15000007 = 3h
* 20000 (=
400000 7
é} / = 1000000
200000 // S 500000

0 0+ n — T 1
8% 6 4 2 0 2 8 6 4 2 0 2
log(rthCG concentration / pg-mL-") log(thCG concentration / pg-mL)

Figure 1 Optimization of cell adhesion time (A), concentration

(B and C), dilution times (D), cell numbers (cells per well, E) and
incubation time (F). RLU: Relative light unit; rhCG: Recombinant

human chorionic gonadotropin
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stability of cells (B). rhTSH: Recombinant human thyroid-stimu-
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Table 1 The relative bias and confidence interval of relative bioactivity of five potency levels. LCL: Lower confidence limit; UCL: Upper

confidence limit

Level/% Relative potency/% Potency/% Relative bias/%
Vi n
’ Average LCL UCL Average LCL UCL Average LCL UCL
50 8 -0.786 0 -0.869 1 -0.702 9 0.459 4 0.421 6 0.497 2 -8.9 -16.1 -1.0
71 8 -0.367 6 -0.460 8 -0.274 4 0.699 8 0.6358 0.763 8 2.5 -11.2 7.0
100 8 0.0333 0.002 5 0.064 0 1.0353 1.003 5 1.067 2 34 0.3 6.6
141 8 03118 0.262 6 0.361 1 1.370 6 1.3025 1.4389 =3.1 -7.8 1.8
200 8 0.697 5 0.6759 0.719 1 2.0109 1.968 2 2.0537 0.4 -1.7 2.6
A B L
Heat inactivated samples
100 _, Polymer and ¢ 100
non-polymer content <5,
x10° ° = Monomer content _ 2 75
10.0 {Heat 60 °C, 0d S =+ Dissociative subunits 2
7.5 {Heat 60 °C, 3d 2 50 S50
%_ 5.0 {Heat 60 °C, 6d 8 >
2.5 {Heat 60°C, 10d J—-" 8 25
0.0 |Heat 60°C. 154 e &
00725 5.0 7.5 100 1255 15.0 17.5 20.0 0_.5 0 5 10 15 20 0_5 0 5 10 15 20
t/ min Days of heating Heat inactivation time/day
D E F Light inactivated samples
+ Polymer content &
100 -\""‘\‘:Monomer content %‘ 100
%10° ° + Dissociative subunits 2
1o Light, 0d S 275
> Light, 3d 2 50 £ &)
= | Light, 6d 8 £
Light, 9d = 25
o] Light, 15 oL _— &
0.0 25 50 7.510.0 1255 150 17.5 20.0 0 10 20 30 40 0 10 20 30 40
t/ min Days of light Light inactivation time/day

Figure 3 Heat and light inactivated study. A: SEC-HPLC chromatogram of heat inactivated samples; B: Monomer content of heat inacti-

vated samples; C: Relative potency of heat inactivated samples; D: SEC-HPLC chromatogram of light inactivated samples; E: Monomer

content of light inactivated samples; F: Relative potency of light inactivated samples
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Figure 4 Comparison of in vivo bioassay and in vitro bioassay
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