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Determination of biological activity of luteinizing hormone by a
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Abstract: This study employs homogeneous time-resolved fluoroimmunoassay to quantitatively determine
the concentration of cyclic adenosine monophosphate (cAMP) within LHCGR(-Ex10) -CRE-luc-HEK293 cells,
utilizing a competitive immunoassay method. The research sets forth an in vitro biological activity assessment
methodology for luteinizing hormone (LH). Key parameters of the methodology are optimized, and the relative
accuracy, intermediate precision, linearity, and range are validated. The optimized experimental conditions are
defined as follows: an initial concentration of 200 nmol-mL", a seven-fold gradient dilution, a cell density of
24 000 cells-well”, and a duration of incubation of 30 min. The findings indicate that the method exhibits excellent
linearity across a relative potency range of 64% to 156%, high relative accuracy, and satisfactory intermediate
precision. The successful establishment and validation of a homogeneous time-resolved fluoroimmunoassay for
the evaluation of LH biological activity is reported. This methodology is applicable for the assessment of biological
activity and quality control of recombinant LH-like drugs, as well as for the differentiation of recombinant LH.
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(follicle-stimulating hormone, FSH) B & 1E F 1 2 14 AR
Difit. LHZEM A BE S b R 30 th X AR F - AE bk
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HEON, DLR B A B A2 ORI ZE R 72 53 VAR A, LH I SE 1)
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FFE WA T aEM. 55 =, HMG MU A LH, B IR A
hCG, i hCG i & 7] G 75 & 01 53 B2 LR &, 7R N
IR TCIEIX 43 LH FIhCG FI i 1, R AE il 2 LH 254
R E 4 ) g o R O, BT A T AR A HL e X
53 LH A hCG B4R g Ml 52 773%, BT LH 7= &
Pt RAT A 56
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hCG 5 LHCGR-delExon10 25 & J& 7= 2E 1] cAMP #=57),
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H 3£ [ Gibeo A Fl; i 4 G (FBS, #ik5 012C0221A) 1
H 1 [H ExCell A 7l K27 % (zeocin, #t5 450430) 11y
H 2% [E Invitrogen A 7 ; 3-5% ] - 1-F AL B IES (IBMX,
it 5 102606487) 1 [ 1% [E Merck-SigmaAldrich 2 7] ;
HTRF cAMP Gs Dynamic kit (fit'5-38B) J#J F 3E[E Revvity
AT A NEFARIEE o R (thLH) E 2 A\ % E %
e BRI 2% B AR v S (rhCG) . A0 R IR B R
VSRR VR (chTSH) 25 28\ I P 6 380 3% v S 7 i ViR
(thFSH) ¥ A= B FE .

KA S ¢4 597 5 DMEM #5378 £ + 10%
FBS + 3 pug-mL"' puromycin + 200 pg-mL" zeocin. #¥
ol B /L it % % L - DMEM 15 77 & + 10% FBS +
0.5 mmol-mL" IBMX.

WP A E  LHCGR(-Ex10)-CRE-luc-HEK293
£ 6 ke T 0 g 5 A R AR S = AR AR

HTRF ERINERFIE MM PO 24 K
() LHCGR(-Ex10) -CRE-luc-HEK293 4 i i 0.05%
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96 fLAR H AT 7 FE KR FERRRE, JLAREE 1O DMRRE . K%
R LT H ¥ W0 N 2 b 40 i ) 15 7R A R, R FL 20 L,
AGYIREIN 2 N E AL (A WIER R G L WRE N
100 nmol'mL™"). S M AR LA 300 rmin”, 30 s B0, BE /5
fE25+2°CHFE 30+ 8 min. FFH 45 A5, LAAFFL40 uL
] 1% 75 B P 3 0 N cAMP $it 44 . cAMP-d2 & cAMP
lysis buffer 2 & ¥, iR % & 60 + 9 min. BEbR (% E
K 2 0 (Lm1-Ex 314 nm &620 nm&Cut off 570 nm;
Lm2-Ex 314 nm &668 nm&Cut off 630 nm), 2 B ¢ )6
5918
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VAT SRV A B SIS H R, R A 5 22 43 AT RN PR BG XF
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TR At FAXS RN (relative potency): A i AH X XL
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s AR RS S P00 & DY S 2t 26 1 CHAL-
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3R 7 VR AR L S, ¥ rhLH A thCG ) 3 Atk 5% 9% %
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B BERRE 10 86 B2, BB -TAT 2N B AL, 3% 8 iR
for W 7 ¥ EAT R PR DN S, W20 B E RS 46 thLH WK FE R
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a3 EAT 75N 8 £ RBIFRE G I, LU [F) AR
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I A0 i % 43 ) R FL 20 000424 000430 000 Al
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FRFWIESEI 4 MR b E 2 gE T 9401 SR A
B BT, B UE 7V R AF X HE A BT L H (ARG B R 2R
AV o B rhLH 6 B8, A 3 il 1% 9% 22 25 1) B R
128.160.200.250.312 nmol-mL™" i ¥ & 1 45 I k¢
i, S Rl DA S 20 S5l 3 R 64% < 80% - 100% + 125% FI
156% FIAERT R 7K, 53404 — 143 200 nmol - mL ™' ¥k
JE 1) thLH B o B . IR AR U RE 25 501 7652 B 96 FL
BRR AT 7 A5 AR, LR 10N BT . I 44 5K
59 N SRAE 4 ADNASTR] H AT R 280 R U
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T BLAE AN BN K S AF S O W 5 AR PR L ART A 74 i 22
(GSD) K JUfa[ 25 5% 2 %1 (GCV%): GSD = anti Ln(SD),
SD A% BN 7K P25 AN I 7 B R B R 225 GCV % =
(GSD-1)x100%

MRINRERR E MESEI  fEANME SRR IR, 4
HAAESARH AR . 75 F— R E I Lkl
Ji, 3% 2 A5 A A A0 MR SRR € S, A8 % 40 B AT
thLH [ 2E 9038 14 00 52 , 60 TIE A [R) AR 2 1 400 i 3 e 1

TEM NRIEERNLENE, =R RS
¥ thTSH rhFSH thLH #4715 . % rhLH.rhTSH.
thFSH 73 51l I 2 A 15 77 56 B £ 200 nmol-mL", i i
1T 7150 FE AR, JEARRE 10 MR FERE B, EANIRE 24
Hil.

rhLH iR IR ARSI & BUrhLH, LR SC
200 pL 7333 1.5 mL B0, 3 S G T 60 °C
KB HIANH0.1.5.9.24 F172 ho S &b 7 5 () BE
mi BEAT AR R U 5E , BeE T v R R .

REME KM &R 5L R 60 °Chn#i
AN[E I 1) J& thLH FF fh P 32 R & Bk . i 454
K FH Shodex Protein KW-803 1 000 A 5 um (8.0 mm x
300 mm) %t B ik, LL 0.1 mol- L™ @& —0.1 mol-L”
T BR BN 2% M (pH 6.7) AU h A, Yii# 4 1 mL-min™,
FEE A 25 °C, Rl 3 KA 214 nm, HEAEE N 10 ul.

LTS
1 FEEIRSHRK

N 56 FE LHCGR(-Ex10)-CRE-luc-HEK 293 4f ity fig
[X 4> thLH F1 thCG AW & Ve, R AR E R R T
200 nmol-mL™" & UHIK FE (5 5 FE K% AHF]) R rhLH
HIthCG X cAMP 52/~ RE /1. B 1A 7R, thLH
M rhCG I UG W JE 1 B 200 nmol-mL™", 6 1351 & 7 B
10 MR BE A, AT 2 R AL, thCG U 5 26 K g s
B FF &, rhLH S8l e pe i @ o5 B P 6,
2% Hh 285 I B 1 22 ka3, R b % $% 200 nmol-mL!
NHRGRIRIE . N T i thCG U 2 3 i 28 Rk 06 1R 4 78
% E NP G, DUE S S5 thLH A thCG #2838 47 % L,
LT A5 F0 8 A5 AR R A B, 5 MR 10 M6 2, EBA
ANFE MR Ll 2, 45 R W 1B AR RS HON 7 %
MR, EAM AR R % L6 LR
PEER Sy, 35 HLAEIA & [X 53 thLH f thCG, N 7 kb 6 15
iR a2 rp = AR R 22, TR O 3o 3 A R A 5 7 A D
Al AR AL R (B 1C) B, TU/N4H 2 1
VU2 ith B RERFE A A, ith & AR B FEAAT, 3
B 2 P 4 PR B 0] S BG4 R BRSO K. RS RPE Ik
24 000 cells/well (B[4 1 % B2y 1.2x10° cells-mL™")
N B AR A R . v B 25 W0 IR I TR 23 S D 30
40,5060 min, 25 (| 1D) KW, Bl 5% & I (] 1) 4E
K, EME LK. R ZR 615 e L AN R (E 2 B I N
i A% E 30 min.
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Figure 1 Conditional optimization results. Concentration (A), dilution times (B), cell numbers (C), incubation time (D), and results of two

cell bioactivity assays (E and F). rhLH: Recombinant human luteinizing hormone; rhCG: Recombinant human chorinonic gonadotropin;

RLU: Relative light unit
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W5 s, 45 5 (B 1ELF) &R, 7 LHCGR(-Ex10)-
CRE-luc-HEK 293 #ff ffg o 7] LLIX 43 rhLH A1 thCG, T 7E
LHCGR-CRE-luc-HEK293 41| il H ¥ 2% il 2% J& A 5 &,
AfEIX 5y thLH A1 thCG.
2 FFEFWIE

XoF 3 5l 0 B2 64% - 80%- 100% 125% H1 156% (]
5 AN A RN ZKE RE S 3 AT W PR e, BN U K
SF- 8 AN AR A I S B AN 3R 1 BT

Table 1 Results of rthLH bioactivity determined by the HTRF

method. HTRF: Homogeneous time-resolved fluorescence

Potency Relative potency/%
/% 1 2 3 4 5 6 7 8
64 574 617 657 563 617 629 623 69.8
80 783 784 79.1 753 747 745 793 85.0
100 1004 103.9 999 1001 972 96.1 958 99.5
125 123.5 1264 130.5 1285 119.5 1202 123.6 121.8
156 1557 1485 1640 1650 1504 161.7 165.1 1644

2.1 MEFOEBE RS KT 8 AN AR R
SEAE FAR X i £ S B X R . anER 2 o, S AN
IS A o R I 5 AR 1R 240K ot Ak 45 3 L E - 3.0% ~
2.1%; A5G Crfr ] 24 438 U] 9401 “AH X 2804 I 2 E 1
A a3 R 7E 12 % Y0 1 PN 7 RSB SR, AR TR Af B R
22 M SABMMIKFRIEH RNy = 1.054x +
0.010 16, R = 0.983 9. FF & H [E 24 L 38 1| 9401 H 2%
6] V5 77 A2 10 R 28 S 7 0.80~1.25, FH 56 2 B8 AMIK T
0.98” [ E 3K .

23 HEEEE TR AR R 8 AN AHXT
B LT AR E R 22 (GSD) KU A 57 2% (GCV%).
PLEEAN 8040 7K SF B GCV % 7% %2 Hh R R 2% B, 45 Rk

3FTR, GCV%IE BN 2.7%~7.1%. #5425 di s
JU] 9401 “A: AN R 7K ST AH X 204N I 52 1B 1) GCV % B A
KT 20%” (I EEK, Hha) ks 2 B R4 .

2.4 SEE RS AN KT B R AR R L 2 v A
V) s 2 B B IE 45 SR SRR, 7 64%~156% P, J5 1Al
g5 I FE 400 ) 9401 B3R, 751k 1 AH X 2% ¢ 3@ Y
N 64%~156%

2.5 YHREIhEERREM WK 2A FioR, A FEAR K4
M EC, A EME L IC I B2 5 . i LHCGR(-Ex10)-
CRE-luc-HEK 293 41l g £ A< J7 % vh A5 Dy g A (XA €
PE, 7T CUA T chLH AP0 i& VI 58 o 40 f % 28 49 AR,
XV M 25 SR TC B i

26 ETREM WK 2B R, &0 thTSH A1 thFSH 3
TG 7 AR 1) 20 it 2, T Asr i thLHL 52 B &8 1) 2 2t
28, KRR TTILIEE R I

27 PAMIFHLIEMME 4 rhLH A £ 60 °C
INFAE, LH 2 56 0 #1810 28 K 1 B AR, 48030
MR A FIENE, RO G REE R B E T
Feta (B12C), 5LH & & TR —8, R ks
BN S B R R A AR 12 1T R AR
SERAR G thLH #F 5 AR ) 0 PR AR AL

2.8 SIREEFEEIIEL  EFRFEEH LHCGR(-Ex10)-
CRE-luc-HEK 293 41 it i, HTRF 32/ thLH 5 thCG
EC,, 2 LLTE2~4 ] (n = 5), M {EHR S ZE LA IR —1E
WAE1~2 (n>5). XFEYIHEHTRF %A rhLH 5 rhCG
FR) A 2 A 22 S A TROK, U WA ) HTRF 25 7] A X
4y thLH 5 rhCG (& 3).

29 FRIBMRFMHME M RKEMEZR (human

H &/
MY 2

Table 2 Relative bias and confidence intervals of relative potency measurements at different potency levels. LCI: Lower confidence

interval; UCI: Upper confidence interval. Number of detection times per potency level: 8

Pot Logarithmic potency Potency/% Relative bias/%
otenc
Y Average LCI UCI Average LCI UCI Average LCI UCI
64% -0.476 7 -0.5225 -0.4309 62.2 593 65.1 -3.0 -7.3 1.5
80% -0.248 4 -0.277 3 -0.2195 78.1 75.8 80.4 =25 =53 0.4
100% -0.009 2 -0.027 3 0.008 8 99.1 97.3 100.9 -0.9 =27 0.9
125% 0.2167 0.1957 02377 124.3 121.6 126.9 -0.6 =27 1.5
156% 0.465 1 0.436 0 0.494 3 159.4 154.8 163.9 2.1 -0.9 5.1
8000 g 10000 C 80 -e- Relative potency 30
N X -# Monomer content PS¢
- e =
6000 J 8000 a—y—n—n—u o—p—3—9—F B 60 60 §
5 5 6000 3 g
5 4000 g 40 40 2
40007 o i 2 £
2000 20004 = rhFSH E 20 20 §
— thTSH & p=
G T T T T T T T T T 1 O T T T T T T T T 1 C T T T 0
NS S SN AI S SIS TSI TP TR VIR SRR 1 10 100
Q‘QQBQZ@QQQ.“QQ Q@ NES SO '@QQ 9@ & O o YOS i

Concentration / nmol-mL-!

Concentration / nmol-mL-!

Figure 2 Method validation results. A: Cellular functional stability; B: Specificity; C: Monomer content and relative potency of heat

inactivated samples. thFSH: Recombinant human follicle-stimulating hormone; rhTSH: Recombinant human thyroid-stimulating hormone
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Table 3 Geometric standard deviations, geometric coefficients of
variation and upper confidence limits of relative potency measure-
ments at different potency levels. GSD: Geometric standard devia-
tion; GCV: Geometric coefficient of variation; CI: Confidence

interval. Number of detection times per potency level: 8

Potency GSD Clisp GCV Clyey
64% 1.071 1.131 7.1% 13.1%
80% 1.044 1.081 4.4% 8.1%
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156% 1.045 1.082 4.5% 8.2%
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Figure 3 Comparison of the HTRF method (A) with the reporter gene assay (RGA, B)
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Figure 4 Mixture activity measurement results. Mixtures of different proportions (A). HMG samples (B and C). HMG: Human meno-

pausal gonadotropin; HP-HMG: Highly purified human menopausal gonadotropin
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