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W mBE & #E 2 1K 1 (glucagon-like peptide-1, GLP-1) il i $2 & 40 g P9 34 % B2 I 7 (cyclic adenosine
monophosphate, cAMP) 7KV 5l B & B 40 M 43 WA B 55 & o GLP-1 52 4& (GLP-1 receptor, GLP-1R) & 2 ¥ fR 55 254
A F) B LR R, FLBE AR S B B e LS 4 . AW 9T AR T AR 98 GLP-1 %44 1) GLP-1R-GFP (green
fluorescent protein)-HEK293A 4t ifd, 38 i 35J AH I 8] 73 7% 5% 6 @ 57 1 — 2238 & GLP-1 8L (1 4 S0 v A U 5 v
0 TSt A O A R R A O SR S A AT AR S, R R Z O VR R T R R IR S 4 A4~ GLP-1 R B )
¥ GLP-1R-GFP-HEK293 A 4l U J5 AT 7= 4= 1) cAMP & & 454k, 38 3T cAMP & 2% i 28 i1 557 21 50 %G5 218 (concen-
tration for 50% of maximal effect, ECy,), X} 24 (44 A6 1 3EAT PR o AT 563 ) FH T K 4 28 T B I 63 R 5 2 S B
SR i 20 R SE SR 23 € T GLP-1 281 5 20 B 2 19 A1 32 5% B8 DNA 75 5, Jy i 38 ik GLP-1 28U
A7 RS AT EEAN R AR ARSI S A A 2 2R BRI T

SERRIR): R VS 2 2 K 1 PRSI IR s SAAH BT B 23 9 99 02 480 2GR i R & ik
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In vitro activity and host impurity detection of GLP-1 analogues
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Abstract: Glucagon-like peptide-1 (GLP-1) could increase the level of cyclic adenosine monophosphate
(cAMP) in cells to stimulate insulin secretion in f cells of pancreas. So GLP-1 analogues, such as liraglutide, have
become new anti-hyperglycemia drugs for type 2 diabetes. In this study, a set of in vitro activity detection method
suitable for GLP-1 analogues was established using GLP-1R-GFP (green fluorescent protein, GFP) -HEK293A
cells which stably expressing GLP-1 receptor (GLP-1R). After optimizing the detection parameters such as assay
sensitivity, cell density, and the incubation condition, the cAMP content level of GLP-1R-GFP-HEK293A cells
stimulated by four GLP-1 analogues, such as liraglutide, were detected by homogeneous time-resolved fluores-
cence (HTRF). The values of concentration for 50% of maximal effect (EC,,) of GLP-1 analogues were calculated
by cAMP dose-response curve to evaluate the in vitro activity of those drugs. In addition, enzyme-linked immuno-
sorbent assay and quantitative polymerase chain reaction were applied to determine the content of host cell protein
and host residual DNA, respectively. This study provides a stable, reliable, and sensitive in vitro activity analysis
and host impurity detection method for high-throughput screening of GLP-1 analogues.

Key words: glucagon-like peptide-1; cyclic adenosine monophosphate; homogeneous time-resolved fluores-

Wk H 3H: 2020-03-12; &[5 H 3H: 2020-04-16.
FE T H BRI AA VR G AT BT H (2017BTO1Y093); ) 4544 J: it 5 3% B EL Al F 6 3£ 4 35 H (2019A1515011030).
*JHHAE A Tel: 86-20-39943036, E-mail: limin65@mail.sysu.edu.cn;
Tel: 86-20-39943016, E-mail: liupg@mail.sysu.edu.cn
DOI: 10.16438/7.0513-4870.2020-0307



- 2146 - 22224 Acta Pharmaceutica Sinica 2020, 55(9): 2145 -2150

cence; concentration for 50% of maximal effect; liraglutide

fik = I BE = FE £ K 1 (glucagon-like peptide 1,
GLP-1) J& — M el [5] Jlgg P4 4 006 200 Jf 53 0 1A AR 2R s =1,
GLP-1 fEAR N W 5 G R ER RS2 AR 45 &, 0% I H IR
IR Ak B 15 41 B P 24 B8 8. IR FF (cyclic adenosine mono-
phosphate, cAMP) 7K~ JF &, 1F e 45t i 45 il 4 Ca?* 7K
-, I B B WA R I 2R, JF H GLP-1 5
K 2 45 A AEACL, AT 5 S e 00 o) J v IR 2 R T8 T %
I MR, GLP-1 2844 O By 2 B0 JR 3 18 2L 3R
ST 25, H w0 SE A 24 R B R Stk BTy
GLP-1 Al 45 SLZE AR ) hr & Bk B R mB Ik S =
R0/ W eh I E v N S (3 N N 4 (1
PEANCRI R 5 p A B T Re, HIR BB K A
B MAENG RS Z NS, AT HREZ 22 RA
R GLP-1 28100, A7 0 B ST fa ff W] 52 AR RASSE
TE VPN B RN A 2 A% 5 B A U7 v

H A7 GLP-1 2Ll 044 713 M 32 2008 3 A il K R
i 5 B 41 98 41 ffd RIN-mSF &% /) BRI 5 41 il MING
EPR /NN B SUN R Y S SO )
M cAMP 73 W 7K SFIVEEFR AR HEAT 73 A1 o H T 55 40
B 3% B S AT 20 A0 R PR ARG S A v A ) R, AN
& T AR E I, DR A S AR e T A VR AR AR
HLIE FH T v 10 7 22 ) 4t R S R B GLP-1 2R A A
AMEPE VP (R8T SRS o AR DR ZH T R GLP-1 52 {4k 5
DRl o B 2 T A 30 s v by o 2 b, R gk aE
Y1 il HEK293A H 35 %5 GLP-1R-GFP (GLP-1 receptor-
green fluorescent protein)-HEK293 A £ 4% 41 g #k, =]
TR Y cAMP Z & E. X T4 cAMP & &
A IE A T B B 43 BT VR IR A kU D i o
15 5 43 AU X A I T6] 43 3% ¢ )16 7% (homogeneous
time-resolved fluorescence, HTRF) 25 J5 iE #E47 kG 0121
HTRF J& I 8] 43 9% ¢ S F0 2% ' FL IR e 2 e 7 W K
AR, I TA] 23 3 0 IR T SeRr S RO LR e B %
F (135 A S0 77 SR & 72— k2, 15 i 10K e 28 W B S B
(enzyme linked immunosorbent assay, ELISA) # Lb AN 7%
BEYR B R, 8% 07 V% B S 1 R R R K )
5, DRUEAT I 25 R AERA 10, H BT HTRF 1E A =yl
HAYTRIE N EETECT Z M T GEAMEKZ &
HIF 5 O P A DU oA RS N L B A ELAE 40 b
AU, DR A 5T DR IR 8 A2, SR H GLP-
1R-GFP-HEK293A 41 ffg 5 %!, il i HTRF J7 2 £ Yl
cAMP & &, # id H T GLP-1 A4 1 44 41 24 21 7%
PEAS BT 77

GLP-1 3l — KB wl il i Al 2 5 B, B e] il
T 3 PR TR HEAH R LK W T A s BRI i i 23R
KA EA L REGY, ERE LR
5 N5k B 1 32 41 i 2 A (host cell protein, HCP) %5 4
Ji, HCP 22 5 R LA 7= 42 HCP Bk, 51 R4S B
2, I HAE B 8 F 22 I 25 7 A i Ak T S man e
7 RCRU, R T HCP P B 520, M40 i 5 5l A 47
P BRI A= P ) it b B 0 B B DNA 2 8
BANNEIE A 5] #ERAZ, JF Hn] i 0 J5 e 2 ]
B RV 110 e [R) 45 077 T 75 A E 008 M DNA A%
A5 ARG UL, (e ] 24 ) B K AT T i AR B R
HEAS & T EALER0.10%, 3 HAMEYE DNA 5%
B NI TR 10 ngl™. O T ] GLP-1 2844
R 245 0 Joi B R AR AIE e 22 4 M, AR S50 R F ELISA i
GLP-1 KB\ #) HCP & &, [F] i A ] Tagman £8 £ J5
PR, K 1 2R 2 U DNA B AL B 7 15 5 58 & S 58 & Bk
A M 7% (quantitative real time polymerase chain reac-
tion, Q-PCR) AH%5 &, Wl 5 GLP-1 22414 ) 15 32 DNA
VB &, 9 GLP-1 KB i 2% A Ml S i 2%

MR A
g R F BB R R WF R (3 % Novo

Nordisk 28 &]); A~ [F] Fb A 47 & ke C1.C2 AT C3
(TN Bk 1 25 7T b 48 A1 42 44); GLP-1R-GFP-HEK293A &
AR (b il K57 24 7 0k v O ) ), B IR h 22
MW (phosphate buffer saline, PBS, 3% [E Hyclone /A
w]); 4 1fiLiE & [ (bovine serum albumin, BSA, H [E i
H#AE) A 7]); IBMX (3-isobutyl-1-methylxanthine, 3¢
MP Biomedicals /A #); 384 [ {4 3% FL#R (3£ [E Corning
N D), 17 BRI (36 E Axygen /A 7]); 0.2 mL qPCR
JERE (57 GUNSTER 4 7); cAMP 6 I Bl & (35
Cisbio 2 #); 15 32 41 o 5% B DNA FF 7 71 b 3 3K 771
& DA SR T T 1 Bk B2 DNA A IR 7) 8 (b A M Ep R}
2wy KA s a3 B AR & (35 1 Cygnus
Technologies 24 7).

{88 FlexStation 3 % Ih fig Mg b A% TAE 35 (3£
Molecular Devices 23 @); PRISM 7500 5K B} %% ¢ %€ &
PCRX (ZE1H ABIAH]).

BIRECH] 7 PBS AN LK 9 0.5 mmol- L
IBMX F10.1% BSA e fil Ji Sz 2 2 38 . Y S B 2%
WK 1.6 pumol-L Al K SR A 1) 771 BB 22 100 nmol-L,
PR B & IRAUY) C1.C2 1 C3 T4 RS % R &, H
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Tris-HCI 220 At Jo BB 25100 nmol- L' 4% JEBG 5
FRRE 715, A8 F I 8L % i VB0 ) o 5 B S5 A5 o VA
A B AR IR S B R R 1.0 10755~1.0%107'2 mol-L!
VO 14N R BEAE, T cAMP & &€ .

HTRF #&U & H SRR m 2 k22
VIS5 R R M, T B AR 25 9 S AT 1) 2 3 1)
N T B B AR AT IG5, ARSI SR A BT & 7,
(N D A ORI A o 3 v k7 A -
cAMP Al 1551 65 23R, 7E 100 nmol- L ) 57 & ik S5 A
) 770 ) R, RS I B 4 B HEK293A 5 GLP-1R-GFP-
HEK293A 41 i #k cAMP & &, 1 i 56 11F 41 ffd 7% 4 . 41
JfL 5 BE DA S 75 e T B A5 2k 1 N I 5 R e
HTRF 1) e A A 2% A

CAMP 2 2ME G & I PG i f A= KR
K I /) GLP-1R-GFP-HEK 293 A 4 il 55 £ I 5 B, 41 it
BEREHZ 1 500 N/FLINN 384 (1 Ak FLAR , M4 cAMP
ARG W 71 5 2 SR T ) 4 (1 A TR 3 5 45 R WU A Y R
FZ L5 pL M 384 [ (R FLAR 35 W 3 A 6 2%
H T 37°C.5% CO, #5748 i § 30 min. ¥% & 56 %
JG# 5 uL cAMP-d2 TAE % WO\ 2] 384 4 (3% FLAR
IR AL, TR T EEE 1 h, BN 2 I REE AR
3¢ TAE 3 Pt e 30, 115 665 nm Ab 5 620 nm 4k [
H&%E tME (A665/A620)°

BEXRBEBAIEMNE HHENHRRCE HCP
B vE S EE 1K 20 ng-mL 1F N B 4% . F AR S AR R
H 5% ) Bz KA S R 1 % 20 ng-mLt. HCP b v i
FE S 5 AR AL 25 pL I N BEARAR p, SR 1 B
2AEAL, iR IR E 90 min. JITN PG HRIE Ve
4%, TN JERAIY H R e, dkE ' % B 30 min, A%
1B )5 T 10 min PR EEAR X, 2+ 450 nm & 650 nm
WAL 5E TR BEAE

EEXHMKEDNAEARLEREENE H
FE & B B W0 K i AT 5 DNA s v & 5 Bk B 0.03 ~
3000 pg- LIRS FEIE . K 30 pg DNA #5 ik i inN
100 pL 3% ) F7 6 A AL Sl iR 20, E N FEA R 32 . B
100 uL DNA Fi B AE 9 B PE 42 d o REAS T 4% i« TH
P JB A o RO DU AE i a3 4T A R v A A 3, e BRI &
BRBRAE, SRAFREA R £ i Bk R 42 o R0 45 DU R b
P T K AT 1 T 32 5% B DNA & =0l E .« FF Q-
PCR 4 48 VR AV VR 5 R S sl AL O VB R,
MNARF N AEFL 30 ul, 95 °CTiAE 4 10 min, 95 °C+ 15 s,
60 °C 1 min, 40 MG ARGt 22 1F 554 0K
Jia AT 1 15 £ 5% B DNA & & .

BIBRGITFNIE O cAMP S EINE: H Flex-
Station 3 2 j Re Mg AR A TAF 560 & H cAMP A5 #E it 75

665 nm 5 620 nm 4b [ Ags/A g0 TR HE 2 3 Ratio =
(Agss/Agr) ¥10° Ratioy, = (Ayegees/dyegeao) ¥10° Fil Delta
F% = [(standard or sample ratio — ratio,,,)/ratio,| <100
T AR AE it 72 25 W BE T ) Delta F%{E . EAcAMP Fz
T A VR B R RS AR B, Delta F% N A b5, K ] Graph-
Pad Prism 7 &l bnE ti 2k . R AR E 20 &
FE & cAMP A2 4k 2 il cAMP ¥R B il 28, T 5 L 4K
H %57 & 14 (concentration for 50% of maximal effect,
ECs). K F GraphPad Prism 7 84 % S 56 #5045 10 47
Bonferroni-Dunn 7% % 5 ¢ #6556, 5256 504 UL x + s RO,
PA P<0.05 5& L Hds 5 22 7, @ HCPIREEN & : A
HCP A it R FE B AR AR, TR ' B2 - S50 9\ AL A,
2zt b ih 28 )5 1% D S 3020 B GLP-1 28U4) (1) HCP
WRE; B 1 5k B DNA & &8l E : 727 2 5 Goid B 1
AT A2 T, F) A A A il 22 S B R s B0 5525 FF )
DNA 7% B & .

%R
1 HTRF &N E S

R i 5 2 20, Delta F% % 75 B 5 7 665 nm 5
620 nm &b [ A5/ A0, cCAMP 75 5 5 Delta F% 2 [8] il %
t, 7] FH Delta F% 3 7~ cAMP 5 B2 0B, 4R F%E
B, 55 %5 4= % HEK293A #H Eb, GLP-1R-GFP-HEK293A
4 Mo AT 5 2 B cAMP F & (P<0.001, B 1A), 44
ANEH9 1 500 /AL, Delta F% 5 7 Jig A B AT B 5 4
I cAMP & & (P<0.001, ¥ 1B), F H7E & i § 5
RE 3R R I AR 2 6 cAMP 1) REBE (P<0.001, B 1C).
(A, S 9256 % ] GLP-1R-GFP-HEK 293 A 4 Jifu f1) £ ity
HREN 1500 AN /ALANRE G I F AL 2% 15 GLP-1 28
UMD 4T HTRE 3% A4
2 FIR SRR IR A HIF) R H L F 4 SRR # cAMP

R A 4G 0 5 47 22 ) cAMP g v 28 (&1 2A).
bt i 2877 FE 1 5 &% GLP-1 S8R 5 A6 4 5 vk B
NIl GLP-1R-GFP-HEK 293 A 41 i B i [ cAMP & &
(EI2B~E). & i 1 ECsy 85 A R4 & Ik 5 i i 71 K
5.087 nmol-L; FIF; & KK C145.191 nmol-L; 2K
B C2 74 5.469 nmol-L'; 2404 C3 79 6.028 nmol- L.
% BCso {5 SCHR 18 70 Bl — £, I H. % GLP-1 254k
WITEZAT DA RS 0L & il 26 R4, & 2308 24 1a) 5 40
W SRS, B RO e R A SEE, 45 REBWIR
FHl GLP-1R-GFP-HEK293 A 4| Jfid #% 7 f & 57 ff) HTRF
J51E3E T GLP-1 B 4 1 25 3835 14 VPA
3 GLP-1ZEHIHCPEENE

DL B S 3ME Y (n = 3) WAL AR, HCP i HE b
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Figure 1 Optimization of homogeneous time-resolved fluorescence (HTRF) detection conditions. A: Activity comparison of the GLP-1R

(glucagon-like peptide-1 receptor)-GFP (green fluorescent protein)-HEK293A stable cell line using 1 500 cells per well; B: Cell density opti-

mization for cyclic adenosine monophosphate (cAMP) measurement treated with 100 nmol-L™' of liraglutide; C: The optimization of detec-

tion system under the condition of normal light incubate and avoid light incubation treated with 100 nmol-L"' of liraglutide. n =3, x £ s.
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Figure 2 Liraglutide original product and its analogues promoted cAMP release in GLP-1R-GFP-HEK293A cells. A: The standard curve

of cAMP was drawn with the mean value of Delta F% as Y (n = 3) and cAMP concentration as X, the equation of the standard curve was ¥ =

(993.4xX707605)/(X07605 +0.490 1) — 1.589. The r value of the standard curve is 0.999 4; B-E: The concentration for 50% of maximal effect

(ECy,) values of different batches of GLP-1 analogues were determined by HTRF assay at 1 500 cells per well, cAMP-d2 working solution
incubation in dark for 1 h in GLP-1R-GFP-HEK293A cells. n =3, x + s

TR EE X R A A 22 ) b A it 2, A it 2R 555 5 DU 24
[V H {58 1.000 (B 3). H bR E #h 28 5 F2 1F 5 H R
P& WK JEURF 77 HCP W B2 4 1.933 ng'mL; FFL & kR
i) C1 49 1.800 ng'mL"; 2R C2241.731 ngmL; 2K
B C3 4 1.664 ng-mL" o FRAEAE SR AR FRECE: S B
MR BORT e Mz & R SR A 751 HCP 15 504 0.039 9%,
FAUC150.036 0%; AL C2790.034 6%; B4 C3
790.033 3%, &HE s KA R E TREE AT &
S 0.10%, fFa (P EZ )M E . PP EkS 3
AT & IR 18] (78 57 R HCH 6.45% . 45 3K
BF SR FH 1 D77 300 52 45 SR ME A T, 3% B T GLP-1 2840
YIHCP & &€
4 TBEREDNASEINE

K K 7 FF % 75 32 DNA bR e 5 AT & 98 56

PRSI 56, AR A o it 28 T 0 DNA 5 4 5 5 05 25 34
(cycle threshold, Cy) [A] 26 ¢ & R 4F, br#Edh Ze () r
fH750.999 2 (Kl 4). FrifE i Sk I E 30 fg L'~
3 ng-uLt 2 [A], Hp R IR 4 30 fg-ulte &AM 4
Tk k4 B A A i, AR A A A T 2 7 72 DL RRE i € )
B, V5 R Bz B R B R 7E 32 DNA SR B N
1.802 ng-ug!, AR A 86.5%; FUMIC1 N 1.923 ngug?,
[ RN 79.1%; 28440 C2 9 1.515 ng-pg”!, [BICR K
92.3%; KA C3 9 1.868 ng-pg!, MUK N 102.0%.
FAE i TE . DNAJR B /FI <10 ng, fFAE X &MY
a B R . 45 R R, R BEBRIR I AL
Q-PCR AHZE A 1 77 2 AT K Aar il FR Ak 3] £g 7KF, I BLFE
A [FSCR I TE 70%~120% 1, 1% )7 % BE W H2 m ks Il R
B, & T GLP-1 2K 4U4)1E 32 5% B DNA HJ & .
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Figure 3 Detection of the E.coli host residual protein (E.coli P)
of GLP-1 analogues. The standard curve of host cell protein (HCP)
was drawn with the mean value of absorbance as Y and HCP stan-
dard concentration as X, the equation of the standard curve was ¥ =
(6.921xX0Y/(2.716 + X' + 0.077 40. The r value of the stan-

dard curve is 1.000. n=3,x £ s

Slope =-3.553
359 Intercept =29.14
r=0.9992
Cr = -3.553x1g[Quantity] + 29.14

30 1

25

Cy mean

20

0.1 1 10 100 1000 10000
Quantity of standards / pg

Figure 4 Detection of the E.coli host residual DNA of GLP-1
analogues. Regression curve of real-time fluorescence PCR of

positive DNA standard substance is shown. n =3, x £ s

g

GLP-1 B 75 AR 12k J5R & 2% 43 Wb A B A1 afiL b 5 1fn
JiE 6 TR, 3 LA 5O P 7 200 PR T 6 B ARG 3 Bk s A
0 RIS 28 A W FR 9 B 98 1D 2B R T R S s LA N Th g
SRR, R 1) B AR R A7 IR JR A e R S
48 GLP-1 8 ATE I R b B BT 5% .

FRUE AL G 1) s s R e % T i i b YT £ GLP-1
FANIAE A A 03 M, RHRR 1) db/db BRBEEY R T
Y25 K R B BRI 2 IS R R A R R
FFANIE & Ay GLP-1 AL P Aar Il 1) 5 0 T B 122
2 PR A Y T DI FR 48 R A 2H 230 32 1 B 3R
HEPURLEY DL K LA JEEAR A% 5 440 R J 8% 400 B 35 O 2 1 ke
K% 200 R 230, 3 2HS 0 i ASE 28 2 L R R
B VHURR I I 2R A IR B 22, X GLP-1 B &
J& A J GLP-1R ik (41 i . ASHF 70 3 F GLP-1R-
GFP-HEK293A Fa %% 20 ik, 1) I HTRF $3 A I 2 fifd
P cAMP & &, 3517 BV B GLP-1 284Uk 4 1) B B 2k
R SEIG 25 R R GLP-1 UIFE 7 BRI E T3
REE E GLP Bl cAMP (¥ 4= 403 14, e wh R 4 5 ik IR
W 7 EC,, 4 5.087 nmol- L, & #F i EC, 28 57 R %

£ 4.36%~7.62% Z 8] . AWt 5t it K F ¥ HTRF fa )
710 e 18 B % GLP-1 284804 LA B GLP-1 AU 411
P AMEHEVEM SR AL T o AT SRR IR AR

TE 5B 45 1) 7 T8, SR VA T o T Uk R A T
R AR 1) PO S S HCP 5 4, HZ 7 VA I R
B RAR, FEHTIRESTMAABREER. H
Tl ELISA B 240 LK i3 RO (0 1% A8 S it Al 21
A0 S B AR X HCP R I 3% M7 R 224 S5
SE B TE T AL HCP R IR 77 & 78 20 7 i v
REPPA DR A i 1A W7 e, 075 2 DA vy R BB
i T JE M R B R4 AR T T AR SR 2 R .
A 5 % K J AT B HCP A I8 771 8 % K i #F 1 1
F 5k B R A AT I E, 1% &R ELISA J5 3G 75
M) GLP-1 8 FE S AR A R A T 2 M hidk 2
], 28 F 9k 18 EAE N N FB AR AL 5 EAT bR 8 5 TE A
HCP & & o A 7 i 4 7 1 v, 434 111, 8 2,
PURTC T F g, 45 Ffa e nT 5, v GLP-1 841
HCP fa i f2 fit 7 2%,

CHp ] 24 B0 SR FH AR 2 2 1) AR A ) it R A P
DNA 5% B8 & kAT R M08, 5% J7 L AE Pl g e e P L 5
6 HRIRE 5 75 SR &5 TR AFEAR 2 o 5T A=W ] i
% B ) 1 s DNA, 75 2T K — Bl B 4 7 48 L R B
FEE R ol e AR e A R P s ) 2 DA R L R A A
P AW 50K DNA Fi AL 3 4R 5 PCR 484 € & 77 1%
AZE A FT15 32 5% B8 DNA (152 SR80, A 55 AR AS I BR
K3 fg /K, $2m 7 GLP-1 250U S V5 7 DNA K6 I 1)
REE,

g% b ATk, AHE 7T LR B S R AE S GLP-1 2844
AR, ZYPEHE L T GLP-1 5\ 44 4k A= 3
PEASIN J7 2%, IF HON K Tl A R T 2 5k B AR
DNA 7 T & &AM 773, 9 GLP-1 52 4 ¥ 2h 7 5
GLP-1 5wt & 245 7 Femt.

EE DTk A SN Z LR N EES 5N, 50K
BT S B 23 B R SC 9 S A5 AR R A A AL
RS AR SR B AR SCHF, o B B 0 SC R K RIRTE Y 7
PRSP o Bl S 5 PRAN 28 ReAE 9k 00T H 1 3 B AR BT A0
AR FR R S B WS SRR TTIR . T 1R B
#E T B a1 TR

FERSE: AL E AR HIA 2005

References

[1]  Zheng YC. Preparation and the biological effect of fusion protein
GLP-1-exendin-4/IgG4(Fc) fusion protein as long acting GLP-1
receptor agonist [J]. Acta Pharm Sin (2422 5#), 2015, 50: 1668-
1672.



y

2150 - 2% %R Acta Pharmaceutica Sinica 2020, 55(9): 2145 -2150

(2]

[3]

(4]

[3]

(6]

(7]

(8]

]

[10]

[11]

[12]

[13]

Graaf Cd, Donnelly D, Wootten D, et al. Glucagon-like peptide-1
and its class B G protein-coupled receptors: a long march to
therapeutic successes [J]. Pharmacol Rev, 2016, 68: 954-1013.
Ahrén B. Glucagon-like peptide-1 receptor agonists for type 2
diabetes: a rational drug development [J]. J Diabetes Investig,
2019, 10: 196-201.

Guo ZR. Research and development of the blood glucose control
drugs liraglutide and exenatide [J]. Acta Pharm Sin (24 %% %2 4i%),
2019, 54: 1706-1710.

Kornelius E, Li HH, Peng CH, et al. Liraglutide protects against
glucolipotoxicity - induced RIN-mS5F f -cell apoptosis through
restoration of PDX1 expression [J]. J Cell Mol Med, 2019, 23:
619-629.

Green AD, Vasu S, Moffett RC, et al. Co-culture of clonal beta
cells with GLP-1 and glucagon-secreting cell line impacts on
beta cell insulin secretion, proliferation and susceptibility to
cytotoxins [J]. Biochimie, 2016, 125: 119-125.

Geng Y, Ren YL, Xu ZH, et al. An improved method to measure
bioactivity of the fusion protein GGH based on the intracellular
cAMP level [J]. China Biotechnol (1 [F 4= 4 T.#2 2% &), 2013,
33: 63-67.

Li ST, Zheng XP, Yang XM, et al. Development and evaluation
of a cell model targeted on GLP-1 receptor [J]. Chin Pharmacol
Bull (' E £j 3 53 4R ), 2017, 33: 285-289.

Brown JT, Kant A, Mailman RB. Rapid, semi-automated, and
inexpensive radioimmunoassay of cAMP: application in GPCR-
mediated adenylate cyclase assays [J]. J Neurosci Methods,
2009, 177: 261-266.

Li SY, Li J, Cao GL, et al. Effect of glucagon on insulin secre-
tion through cAMP signaling pathway in MING6 cells [J]. Int J
Clin Exp Pathol, 2015, 8: 5974-5980.

Chen J, Bai G, Yang Y, et al. Identifying glucagon-like peptide-1
mimetics using a novel functional reporter gene high-throughput
screening assay [J]. Peptides, 2007, 28: 928-934.

Li J, Xie X. High-throughput screening assays for G-protein-
coupled receptors-targeted drug discovery [J]. J Int Pharm Res
(R 25 %W Fe 2 5, 2012, 39: 353-357.

Heuninck J, Hounsou C, Dupuis E, et al. Time-resolved FRET-

based assays to characterize G protein-coupled receptor hetero-

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

oligomer pharmacology [J]. Methods Mol Biol, 2019, 1947:
151-168.

Ji JZ, Lao KJ, Hu J, et al. Discovery of novel aromatase
inhibitors using a homogeneous time-resolved fluorescence
assay [J]. Acta Pharmacol Sin, 2014, 35: 1082-1092.

Yang D, de Graaf C, Yang L, et al. Structural determinants of
binding the seven-transmembrane domain of the glucagon-like
peptide-1 receptor (GLP-1R) [J]. J Biol Chem, 2016, 291: 12991-
13004.

Cui XL, Zhu T, Ying WT. Research progress on host cell
proteins of genetically engineered pharmaceuticals [J]. Chin J
Pharm Anal (Z5#53 #7 438), 2019, 39: 1533-1541.

André M, Reghin S, Boussard E, et al. Universal real-time PCR
assay for quantitation and size evaluation of residual cell DNA in
human viral vaccines [J]. Biologicals, 2016, 44: 139-149.
Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People's Republic of China 1 #8 \ [ 3L AT E 24 #1: =) [M].
Beijing: China Medical Science Press, 2015: General 2-3.

Deller MC, Kong L, Rupp B. Protein stability: a crystallogra-
pher's perspective [J]. Acta Crystallogr F Struct Biol Commun,
2016, 72: 72-95.

Gault VA, Kerr BD, Harriott P, et al. Administration of an
acylated GLP-1 and GIP preparation provides added beneficial
glucose-lowering and insulinotropic actions over single incretins
in mice with type 2 diabetes and obesity [J]. Clin Sci (Lond),
2011, 121: 107-117.

Zhao X, Liu G, Shen H, et al. Liraglutide inhibits autophagy and
apoptosis induced by high glucose through GLP-1R in renal
tubular epithelial cells [J]. Int J Mol Med, 2015, 35: 684-692.
Wang Y, Dilidaxi D, Wu Y, et al. Composite probiotics alleviate
type 2 diabetes by regulating intestinal microbiota and inducing
GLP-1 secretion in db/db mice [J]. Biomed Pharmacother, 2020,
125:109914.

Damania A, Jain E, Kumar A. Advancements in in vitro hepatic
models: application for drug screening and therapeutics [J].
Hepatol Int, 2014, 8: 23-38.

Capito F, Skudas R, Kolmar H, et al. Host cell protein quantifica-
tion by Fourier transform mid infrared spectroscopy (FT-MIR)
[J]. Biotechnol Bioeng, 2013, 110: 252-259.



