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Establishment and application of STING agonist in-vitro screening model
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(State Key Laboratory of Bioactive Substances and Functions of Natural Medicines/Beijing Key Laboratory of Non-clinical
Drug Metabolism and PK/PD Study, Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union
Medical College, Beijing 100050, China)

Abstract: Tumor immunotherapy is a critical field in the development of anticancer drugs. The research of
stimulator of interferon genes (STING) agonist provides a new idea for immunotherapy. Innate immune response
can effectively be induced by nucleic acids in mammalian cytoplasm. In recent years, a large number of studies
have confirmed that the cGAS-cGAMP-STING signaling pathway plays a key role in cytoplasmic DNA recognition
and immune defense activation. The dysfunction of cGAS-cGAMP-STING is closely related to the tumorigenesis,
and is a potent target for drug development. In this study, based on THP-1 dual cells which are stably expressing
cGAS-STING pathway and THP-1 KO-STING cells which are stably depleted STING, a screening method for
STING agonists was established by detection of luciferase. Furthermore, the accuracy and sensitivity of the model
were verified using positive compound, providing a simple, efficient and accurate screening platform for high-
throughput screening of STING agonists.

Key words: STING agonist; THP-1 Dual cell; screening model; cancer; immunotherapy

] A7 4 9% 2 40 2 ML HE BT A0 I B A= s i 4k 1)
18 by 2k, 8 ik 85 R B 32 4k (pattern recognition

WA H : 2019-09-09; & [E H 1: 2019-09-18.

HEeuH:+ = 17 E KX CEKH GG REE KL
(2018ZX09711001-003).

*JBAEH Tel: 86-10-63165207,
E-mail: rebeccagold@imm.ac.cn; chxg@imm.ac.cn

DOI: 10.16438/7.0513-4870.2019-0735

receptors, PRRs) £z S i 41 i P4 197 i A4 AH 56 3 -1 5%
7 (pathogen-associated molecular patterns, PAMP) 145
43 T4 38 (damage-associated molecular patterns,
DAMPs), 5 #H N BC 4K 45 & 5 PRRs BOE T il #% 51 &
T ) T A G g% e NI — A R T I N e R
G 4 % A A T (stimulator of interferon
genes, STING) /& i1 4F >R 81 & B0 — F ffd A PRR. fiEg



- 1876 - 2% % Acta Pharmaceutica Sinica 2019, 54(10): 1875 —1880

Ji P ¥ DNA 1E 5 PAMPs 5, DAMPs H [#]—Fft, A] 4 25
GMP-AMP 4 . (cyclic GMP-AMP synthase, cGAS)
WU, J5 P A B A8 2'3-cGAMP 0% A7 T 4 i I
JEE I ) STING & 1, 4% 2 s TR A 47K (inter-
feron regulatory factor 3, IRF3) 4% [X T~ kB (NF-«B),
rnlfieit T 8 TN A 22 98 M R (40 CXCL10 ATIL6
S IR B s RN AR, T FE R W], STING I R AL 2R i
5 cGAS-STING 15 5 i #% ) Uy e ) 5 22 Fh i 9o (1) %
R BEFEYIM. I, STING B — > 5 ) fif
T L 2R T RE L, T R B 1] STING Bl 7510 i &
FL R 2 B R L

AW 95 N Fl THP-1 Dual 41 fitd #1 THP-1-Dual KO-
STING 4 ifg 78 57. 7 STING 8 5 7] (1) 48 Jifo 77 18 455 7Y
THP-1 Dual 41 }fi K J5 T N\ THP-1 B AZ 410 R, ‘& AL
FesE R IL 58 B cGAS-STING {5 5 I %, i Hik B A
5 IRF3 #% 3% M1 5< 1) LUC #k %5 #E [F (Lucia luciferase
gene). THP-1-Dual KO-STING 4H fi #/£ THP-1 Dual 41
Jifo 36 Al b B % R BR T STING. THP-1-Dual 48 i 75
cGAMP 5 STING ¥ 3h 7 [ 81l 3, H R A 1) IRF3 %
B AN, 4545 3 Lucia™ 98 e Rl (LUC) 45 & A I
B B SR, B 7AE AT 2 W B A0 M AR ) LUC . ZH i E
E O RIS B8 LUC K IR 57 QUANTI-
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“H Jfy A1 THP-1-Dual KO-STING 44 fifg 55 77 Ui W] 45, 4H
i 5% 37 454 N 2 mmol- L' L- 2 & B % + 25 mmol-L"!
HEPES. 10% # K 3% Gibco FBS (56 °C, 30 min). ¥ 5
2 (100 u'mL".100 pg-mL™") ) RPMI 1640 35 75 % .

i F 2'3-cGAMP. 2'3'-c-di-AM(PS)2(Rp, Rp)
(ADU-S100). QUANTI-LUC™ Il§ H Invivogen 2 7 ,
CellTiter 96® Aqueous Non-Radioactive Cell Proliferation
Assay (MTS) Il H Promega A 7], STING (D2P2F) rabbit
mAb F1 phospho-STING (Ser366) (E9A9K) rabbit mAb
I H Cell Signal Technology /A 7], mouse anti-3 actin mAb
6 B 142 41, qPCR 519 Hi Invitrogen 23 7] 5 F

{88 PE‘AF] EnVision £ IIHEREFRIX Synergy H1,
PerkinElmer 22 & EnSpire £ JJj §% 32 #% {X, Tanon 5200
ECL 2 [ 18 & 64X, 7% E ANALYTIKJENA (H %)
QTOWER L1 ¢ ) i f& PCR X »

THP-1 LUC#3  Ff 180 pL IR 25 K 4 1) 41 i LA
13105 A /FLAH 2 B 96 FLAT B 1S F2 4%, &L 20 Al
20 pL AN [&] ¥ FE 1) 2'3'-cGAMP . ADU-S100, # 7. 3
FAT AL, 37 °C 5% CO, 4 i85 72 F6F & 20 ho 2 J5 L
10 pL EJHEBIMAN BAE B 3 AR FR R, B SFL I
50 uL QUANTI-Luc™ kMl 771, 42 0 4T LR R
ST, 18 28 SUE R I AE % 6 1 (EnSpire 2 T
REZARAN) .

YHREIETERN Dy HERRAE S A0 X R OB E
FEA R E ) MTS 6 41 G M AT A . 7R 0t
LUC £ I Ji5 76 42 19 48 B 7 in N 10 uL MTS 371,
37 °CH E 3~4 h, HEGHR X (EnVision) i I 240 i 4 7
492 nm I G EE (A) 1B . 4088 2E KA H = (%) =
(Ane—Ar)/ Anex100%, Hort TAL R AR M4 &9, NC AR
[EREFaRicEiEN

Western blot US4 75 Ve 41 B, I\ — & 7R R
) RIPA ¥, ¥K 24 /%, 12 000 r-min"' & .0» 20 min 75
B _FIE B A, H BCA B A &7 & (Beijing
Lablead Biotech /2 7)) X & AW L AT E . R A%
5 5xSDS _FREGE M 1:4 84, 95 °C# 5 min. FE
PHE LA 20 png 15 8 H & FFE 2 10% SDS-PAGE i
i T EH K (RRERIEE 70 V, 20 min; 7 & R 1E
100 V, 80 min). fij 5 K&z b ¥ 28 AR £ 22 0.45 pm
PVDF i€ I ¥ PVDF I 5% i lE ks i) TBST & F41
1 hJ&, 8 p-STING . STING LA }% S-actin HE4T 2% 24
N, HAE 4 CCREIRIEH IR . K=, PEfR 10 minx3
U, AN HRP AR e H BB i =R E
1 h, ¥E/E 10 minx3 ¥k . PVDF EECH, 78 %1 bk
JEIRIH (ABH S LB A) B T ECLEHNT RS
HE G AT R, 159 31 Western blot B .

qPCR 568 RNA PUs IR E (ES Science
3] PEHCAR LS RNA, KET R0 : A 500 ul i
T2 FR A B I N SRR TG K S REIR 51 5 B &8 0
FE, 4 000 xg 850> 1 min. JIA 500 pL VLR, 12 000 xg
B0 1 mine B4 04 £ 1.5 mL RNase-free EP 4 I,
FEIN20~100 pL Pe il 2 25 A o, HIEIF E 1 min
J5 12000 xg B0 1 min 73 3 RNA VA . ¥ H] EnVision
% DI RE B O I A R 58 A HOR U RNA B3 B2, T )5
FH 300 2 53 K ) 0 i s A3 B cDNA W . A T R 3
IFN- . CXCL10.IL6 ] mRNA /K *F, A #f 78 1 T
SYBRgreen qPCR Mix 1 96 L SZ I % ) & & PCR 1,
H&ItEm T — R551%, 54 F: 5-GAACTTT
GACATCCCTGAGGAGATT-3' Al 5-TGCGGCGTCCT
CCTTCT-3' (ifnf), 5'-ATTTGCTGCCTTATCTTTCTG-
3' Ml 5'-CTTGATGGCCTTCGATTCTG-3' (cxcll0), 5'-
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CTTCGGTCCAGTTGCCTTCTC-3" #1 5-GCCTCTTT
GCTGCTTTCACAC-3' (il6), 5-AAGGCTGTGGGCA
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A, 0] BB AL oI N T ) 4 e 2SR A7), TR 45 T B
H 30 min. fHJEHMIA 50 pL &1L, BIR SR £
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PLP S5 {H £ F5 1 1R R 7R, B Excel #H47 5045 4 22, 14 H
GraphPad Prism 115 EC,, J-1E K

ER
1 STING Hah7IiFEE R A S
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KO-STING 4 Jfii X STING K 4R Bt & 2'3'-cGAMP ] J%
Nk, i — R HR Y 2'3'-cGAMP il THP-1 Dual
21 Jfa A1 THP-1 Dual KO-STING 4H i, B 5 il QUANTI-
Luc a0 77 A% M) STING 18 #% BOE 15 ol . 45 R 2 on (K
1A), THP1-Dual 28 Jfl £ 3% ¥ 0 43 W4 ) LUC ¥ FE 5 T
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Figure 1 THP-1 Dual cell and THP-1 Dual KO-STING cell

following 20 h treated with 2'3'-cGAMP (A) or ADU-S100 (B)
demonstrate dose-dependent activation of STING with secretion
of Lucia luciferase. 2'3'-cGAMP induced dose-dependent secretion
of LUC with EC,, 0f 27.73 pg'mL"'. ADU-S100 is therefore around
10-fold more potent than cGAMP, with EC,, 0of 2.95 ug-mL"!
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monophosphate, c-di-AMP) & 7 41 B H 5 & I 1) — F
B AFA o, AR LR T 5] R ) S R
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cGAMP (& 2A) A1 ADU-S100 (/& 2B) % THP-1 Dual 4f|
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Figure 2 Cytotoxicity to THP-1 Dual cell and THP-1 Dual KO-
STING cell with increasing concentrations of 2'3'- cGAMP (A) or
ADU-S100 (B)
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1 1) S366 £ 1 B TANK 45 & ¥l 1 (TANK binding
kinase 1, TBK1) % B2 A4 % T+ IRF3 [ &5 & FE0E A AT
Bk o {8 A Western blot J7 v K5 Wl 7 K 28 IE 44 2'3'-
cGAMP HI ADU-S100 XJiZ A7 &3 (1) B8 B2 Ak K -, 45 5L i
7~ (B 3), 2'3'-cGAMP ¢ I 7] & 4 it 38 i STING 11
R AL 7K, 10 pg-mL- 751 52 2 o 2 1h /K 1 2 B 184
hnfa#. 1 ADU-S100 AbBE ) 40 i 7€ 10 pg-mL-' i
&AL /K~ sl ik 2] 1 i fH, i B ADU-S100 % STING Y
BETE TR T 2'3-cGAMP, W45 B 5 EC,, 45 B — 5.

23-cGAMP ADU-$100
Con 0.1 1 10 100 Con 01 1 10 100
p-STING | BT
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Figure 3  Validation of the screening models by Western blot.
Phosphorylation of STING in THP-1 Dual cell following 4 h incu-
bation with increasing concentrations of 2'3'-cGAMP and ADU-
S100 (0.1, 1, 10 and 100 pug-mL™")

3.2 Real-time PCR #20l STING #E 7%t STING T~
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2 A SR PR G 2 M R P SR i, R AT B 1) S % T
R R TR T AR T A A T B IFNAS 5 i R AT
FEI, CXCL10 MY i 4k 2 15 5 22 1 10 (interferon
y-induced protein 10, IP-10) #; IFN-y.IFN-a/8 1 NF-xB
9 Z0 % S, 5 W 70 IE B CXCL10 A /E ] T CD4* fl
CD8* T 4l K AE BT AEH . CXCL10 Ay 440 1 Jii 4
2L R R R R R SR R AR KRR, IL-61E
NP g M IR 7, AT R AR R . R R TL-6
55 R IR AR A Ve B DL R B R R s L2l
i, AHE U0 AR 3 AR AT mRNA KPR
WIZ K1 2'3'-cGAMP (& 4A) F1 ADU-S100 (& 4B) REfS
83X 3 Ff (Rl 1 % 3 K 2 25 7, HLS STING B g
oK —5 .
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IFN-BBYS20E 1 STING 5 5 5 2% KO0 988 257
Y R 7, IFN-B [ b SRR KA E B ve T 249
VB FH 3 BE I =il . Rk, ARt 78 ELISA 7 i3 —
SR T 2R OE A B IFN-B & B . i 4C
i, AN BE P 25 95 3 e R IFN-B, H ADU-S100 (1)
RORTE R, 5 LUC k45 KA. AR, LUC 1£
R FE T i 97 R 22 B 5 4 T AT W TRN- 5 =, i
T AR B AR R R R . DA LR T

B IE T B AT 40, 8 B THP-1-Dual 2 [ 78 37 (1) 75 106 A5 A4
FE— Pl R R T e R P HE A EL R A B 1)
JE &Ik

g

JflJ5i DNA {1 Jy— F 5 £ () PAMP #1 DAMP, A 1%
REB8 27~ o3 SR AR NAR A B S 45145, 3B AE B £ G 35 5 Al
S 1) AR R S AR o 4 o R ALY, cGAS-
STING i #% 7E [ 5 )% R H K IEZE R EZEMAEM,
Bt % cGAS Al cGAMP ] &% Bll, cGAS-cGAMP-STING
55 I B A T8 B A H RS, i AE 5B B AE 2 b
P R I B AR T AR R 0 R 100610 i T B

e JERE AN E B G TR AR

WEFLR B, Z FhJe o A7 7E STING [ 2% 3E B d
S P ST B, 2 T R 30 PR 11 A A e o 8 285 P 9 55
STING #UE 5 7242 1) 1 B IFN — J5 T A A T Hi R A X
536 YN EE 4 T 40 (cytotoxic T cell, T3, CTL)
PR IS 55— 77 THI N RE RS A ks L0 IR i 7= AR, T
51 5 22 1) 808 T 48 A R N iR Ak 2R 35 el T 48 A 1)
SR APELE STING R B 1 /)N B P9 48 K K155, Sting
ANBR TV PR AR R T 40 B S 8 B 1k B 3R A
KO, R, [ R A S BRI 2'3"-cGAMP
FZE A& () CDNs 0] 7= A2 50 25 1) B R R8RS, i i
SR 5T DNA R 5138 B 52 204, LBz 340
o A e b B G 2 AL, AT 4 4882 9% AR v e R 1Y) R
JUZERO, i STING W R IG 2EH LB H sz, T3
[ 3% 2 52 35 8005 TR AR BE 55 N A2 3, i T DNA )
WEIRCY, DAFEREFE R BH, — LS AE 4 M (0 i e 40 i)
cGAS FI STING A U ER 2 HH A 3l 7 [X [ 1 2 A &
Ml 2 R L) BT, {8 B DNA 25 R e
IR R . A, cGAS-STING i i X o e A
U ) R P B 4 R R s, EL BT 4 i 2 14 T Ik
2 B #H 9< 22 1 4 (the cytotoxic T-lymphocyte-associated
antigen 4, CTLA-4) FRE /7 4 SET: %244 1 (programmed
death 1, PD-1) X 2 A= 8 /N B3 (1) [ 88 A7 4R &7 (0 97 %, i
1E Sting” /)N B A K 40 16 97 A -7, cGAS-
STING i #% /- 5 [t DNA PR3 18 7] LATE — % #2551 i
FE TS TT 1AL 297 VR I B R 2, T 259 (an
IR A FE ) JE I A 2R DNA {2 A 40 e S8 T2, nid
DNA it A\ 41 B 52 3805 cGAS-STING 3B #, 1M j5 K&
P4 T BIFN. M, STING 15 5 [ Bk 2% 1l i 5 B0kk
SE Bl S 1) i R 0 AR T 25 W T 20 BT Uk, O R
STING W50 771 6 & 2 Pt s 2 V6 T7 16 BUS A

H AT, STING BB A FHRE LA T 28K E& K
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Figure 4 Validation of the screening models by qPCR and ELISA. A, B: The mRNA expression levels of IFNS, CXCL10 and IL6 of THP-1
Dual following 4 h incubation with 2'3'-cGAMP (A) or ADU-S100 (B) were assessed by real-time PCR and normalized to GAPDH expres-
sion. n = 3, x + 5. "P<0.05, "P<0.01, **P<0.001 vs control group; C: THP-1 Dual cell treated with 2'3'-cGAMP and ADU-S100 for 20 h

incubation demonstrate dose-dependent activation of STING with secretion of IFN-f

24 L R BHELAG BI0F FE 34 5. DMXAA J2 5 5 H s
il % 2 Bt ¥ Tim Mitchison i 8 41 5 % 4 /A &) 34 [7] #F
R STING ¥ 3h 771, FLITUA I PRAR LS 1) Wi E AT
46 BT B L STING #3077 (4 i 98 e %2 6 97 46 A5 (R
J& B 5T 2 B, DMXAA A2 — MR 57 1) STING 3
7, It HXF STING BBl A2 4 T & 22 57 o TR AE )5 8
TR H, NATTAE A3 B A0 1) 3 B N U 44 B R B 0 AT
STING &N 54 . THP1 25 T A 1 1955 44
ffd, 1 2 5 F T DMXAA i 3% ) RAW264.7 41 g /2 &
TR A A, TR L A S 56 BT T R P S0k A
B+ STING s 71 (1 F- A K . Bk B #i, BRD 7R
AN H AT % 5 A AL TG IR T 3 & B CDN 28
STING B#hifll. HXKENFN B ARETIRE, 5T &
UK, AL XKW 5 B0 TF K 2 BIAR K R HI7E
DR b, A S0 =5t 1F 75 30 ok G 57 17 &, AP E R

SE 7] A5 % B /N 43 F STING % 8 7 3E 47 07 3 0F 72, A5
BB R SR BE 6 4K B B A 4 A T ) /N 43 F STING
Bl

zE LRTIR, AH 50 R F THP-1-Dual 41 i A1 THP-1-
Dual KO-STING 41 jfd # 57 7 %1 %F STING ¥4 34 571 i)
i i A Y JF N B M 254, ol i 2 %E STING i R
R RS S B B A WA B A, AR B HEAT T IGHIE
T VE ARG ERAE T B, W] T e E =, A A
5 41 B FT ] s HE R Rl 22 5, THP-1 Dual KO-STING
o i 3 AE HEBR 25 M0 XF STING b ¥ 25 (A (52, o 45
T8 RN 73§ STING #sh 71 i F- 4 K B8 58 7 1R 5k
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