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Cyclic GMP-AMP Synthase Is
a Cytosolic DNA Sensor That Activates
the Type I Interferon Pathway
Lijun Sun,1,2 * Jiaxi Wu,1 * Fenghe Du,1,2 Xiang Chen,1,2 Zhijian J. Chen1,2 †

The presence of DNA in the cytoplasm of mammalian cells is a danger signal that triggers host immune
responses such as the production of type I interferons. Cytosolic DNA induces interferons through the
production of cyclic guanosine monophosphate –adenosine monophosphate (cyclic GMP-AMP, or cGAMP),
which binds to and activates the adaptor protein S TING. Through biochemical fractionation and
quantitative mass spectrometry , we identified a cGAMP synthase (cGAS), which belongs to the
nucleotidyltransferase family. Overexpression of cGAS activated the transcription factor IRF3 and
induced interferon-b in a STING-dependent manner. Knockdown of cGAS inhibited IRF3 activation and
interferon-b induction by DNA transfection or DNA virus infection. cGAS bound to DNA in the
cytoplasm and catalyzed cGAMP synthesis. These results indicate that cGAS is a cytosolic DNA sensor
that induces interferons by producing the second messenger cGAMP.

DNA was known to stimulate immune
responses long before it was shown to be
a genetic material, but the mechanism

by which DNA functions as an immune stim-
ulant remains poorly understood (    1   ). Although
DNA can stimulate the production of type I in-
terferons in dendritic cells through binding to
Toll-like receptor 9 (TLR9) in the endosome, it
is still unclear how DNA in the cytosol induces
interferon. In particular, the sensor that detects
cytosolic DNA in the interferon pathway remains

elusive (2). Although several proteins—including
DAI, RNA polymerase III, IFI16, DDX41, and sev-
eral other DNA helicases—have been suggested
to function as the potential DNA sensors that in-
duce interferon, no consensus has emerged (     3     ).
Purification and identification of cyclic GMP-
AMP synthase (cGAS).
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Catalysis by cGAS triggers type I interferon
production.

cGAS is required for IFN- b induction by DNA
transfection and DNA virus infection.
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