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Abstract: As a key signal transduction molecule involved in the innate immune response, stimulator of inter-
feron genes (STING) is triggered by cytosolic DNA from pathogen and host origins, and plays an important role in
inducing the secretion of type I interferons and proinflammatory cytokines, thereby defending against viral and
intracellular bacterial infections and regulating the production of spontaneous antitumor immune responses in vivo.
Thus, STING agonists have shown useful therapeutic effects for pathogen infection and cancer. In the past decade
research on STING and its agonists has progressed rapidly. Here, we summarize recent advances in the structure
and activation of STING and the mechanism of the cGAS-STING pathway. In particular, we review research
advances of STING agonists, analyze the crystal structure of STING in complex with its agonists and the structure-
activity relationship of STING agonists, and summarize the strong challenges of developing STING agonists.
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Figure 1 The structure of hSTING. (A) A bridged view for struc-
tural and functional domains of hSTING. (B) Crystal structure of
full-length hSTING by Cryo-Electron Microscopy (PDB: 6NT5)
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Figure 2 Conformational changes in STING activation. (A) Conformational changes of hSTING when 2',3'-cGAMP bound to it (PDB:
4EMU (left) and 4KSY (right)). (B) Cartoon model of STING activation. (C) LBDa2-a3 loop at the inactive and active STING tetramer

(PDB: 6NTO6) interface
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Figure 3 The mechanism of cGAS-STING pathway. (A) Cartoon model of cGAS-STING pathway. (B) Cartoon model of STING-mediated

activation of TBK1 and the downstream signalling pathway!'¥
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Figure 8 Chemical structures of the substituted-ribose CDNs. “IFN reporter THP-1 cell-based assay. * *H-cGAMP filtration binding assay.
“The relative bioactivities to 2',3'-cGAMP were determined through detection of IFN-£ from THP-1 cells
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Figure 10 Chemical structures of FAA (flavone-8-acetic acid),
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‘ITC assay
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Figure 11

Crystal structure of DMXAA, CMA bound to STING. (A) Crystal structure and intermolecular interaction of DMXAA-

mSTING (PDB: 4LOL). STING dimer is in magenta and green, DMXAA is in wheat. (B) Crystal structure and intermolecular interaction of
CMA-mSTING (PDB: 4JC5). STING dimer is in pink and light green, CMA is in turquoise. (C) Crystal structure and hydrophobic interac-
tions of DMXAA-hSTINGS!¢24Q2¢! (PDB: 4QXQ). STING dimer is in yellow and purple, DMXAA is in wheat
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27
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Chemical structures of DMXAA derivatives. ‘DSF

(differential scanning fluorimetry) assay

Figure 12

The C7-methoxyl substitution was
crucial, but it may work in coordination
with groups of other positions (maybe
at the N and C-4).

The Cl-substitutions have
little effect on the activity.

1

(0]

. 2 a2
lCH; 4

The C2-methoxyl substitution was superior
to other groups, it may be the key group in
All the screened hSTING agonists have the | | small molecules to the activation of the
common of 5,6-dimethyl that STING pathway.

may enhance compounds with the
sensitivity of hSTING.

Figure 13  The structure-activity relationship of 30"
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Figure 14 Chemical structures of CMA derivatives. “293-Dual
cell assay. "HTRF binding assay. “THP1-Dual cell-based assay
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Figure 15 Chemical structures of amidobenzimidazole compounds. * *H-cGAMP filtration binding assay. "Chemoproteomic analysis of

THP-1 cell lysates with LC-MS/MS. “Type I IFN induction activities of compounds in PBMC. ‘ THP1-Dual cell-based assay
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Figure 16 Crystal structure of 32-STING (PDB: 6DXG). (A) Crystal structure of 32-STING. STING dimer is in green and purple?®. (B-C)

The intermolecular interaction in 32-STING. 32 is in green and purple. STING in (B) is shown in monomer and in white
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Figure19 Crystal structure of SR-717-hSTINGY" (PDB: 6XNP)F7.
(A) Superposition of the structure of SR-717-hSTING"" and 2',3'-
cGAMP-hSTING (PDB: 4KSY), shown as yellow or blue ribbon
representations, respectively. (B) The intermolecular interaction in
SR-717-hSTINGY". STING dimer is in yellow and purple, the key

residues are in sticks. SR-717 is in wheat
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Figure 20 Chemical structures of benzothiophene compounds.
“The relative bioactivities to 2', 3'-cGAMP were determined
through detection of IFN-$ from THP-1 cells. "THP1-Dual cell-
based assay. © "H-cGAMP filtration binding assay
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Figure21 Crystal structure of MSA-2-hSTING"*? (PDB: 6UKM).
(A) Crystal structure of MSA-2-hSTING"*?, STING dimer is in
grayish green and blue-purple. (B) The intermolecular interaction

in MSA-2-hSTING"?. MAS-2 is in green”™"
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Figure 22 Chemical structures of triazoloquinoxaline compounds.
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Figure 23 Chemical structures of 47-49
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Figure 24 Chemical structures of 50 and 51
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