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also identified cGAS as the enzyme that catalyzes 
the synthesis of cGAMP ( Sun et al., 2013 ) . These 
milestone discoveries, which are summarized by 
Zhong and Shu ( 2021 ) and Hong et al. ( 2022 ) in 
this collection, open a new door in the study of in- 
nate immune activation and shed light on cGAS–
STING signaling-related therapeutic implications. 

Regulation of STING and cGAS 
Various regulatory mechanisms operating at dif- 

ferent levels in the innate immunity are used to 
control the expression and activities of STING and 
cGAS. As summarized by Yu et al. ( 2022 ) in this 
collection, STING is activated by binding not only 
to cGAMP but also to other cyclic dinucleotides 
from invaded bacteria, which triggers a confor- 
mational change and translocation of the protein 
from the ER to the Golgi apparatus to induce type I 
IFN response. At the Golgi, the activity of STING 

is also promoted by other ligands, such as the 
sulfated glycosaminoglycans, but suppressed by 
high cGAMP level-induced ER membranous con- 
densation ( Yu et al., 2022 ) . Similar to STING, the 
activity of cGAS is also regulated at multiple lev- 
els. cGAS is activated by binding not only to DNA 
but also to RNA and metal ions such as Mn 2 + 

and Zn 2 + ( Yu et al., 2022 ) . The activity of cGAS is 
also regulated by its distinct cellular localization 
such as at the plasma membrane ( Barnett et al., 
2019 ) or in the nucleus ( Bai and Liu, 2022 ) . Other 
mechanisms regulating cGAS–STING signaling in- 
clude chromatin tethering, caspase interaction, 
phosphorylation, and phase separation, which 
are comprehensively evaluated by several reviews 
in this collection ( Xiong et al., 2021 ; Zhong and 
Shu, 2021 ; Yu et al., 2022 ) . 

The multi-functional roles of cGAS–STING 

beyond immune surveillance 
As a critical innate immune DNA sensor, the 

cGAS–STING signaling pathway plays a criti- 
cal role in innate immune regulation against 
infection by pathogens including SARS-CoV-2 
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