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A new cytosolic DNA-recognition pathway for DNA-induced
inflammatory responses
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I nnate recognition of DNA within
intracellular compartments or the
cytoplasm leads to activation of the
immune system, which can result in
defense against DNA virus infections or
the initiation of pathological responses
to self-DNA. In the past several years,
the field of DNA sensing has undergone
an immense expansion. Many DNA sen-
sors have been proposed, including
cGAMP synthase (cGAS), DNA-depen-
dent activator of interferon (IFN)-regula-
tory factors (also named Z-DNA binding
protein 1), absent in melanoma 2 (AIM2),
leucine-rich repeat (in Flightless I) inter-
acting protein-1, DEXD/H box helicases
(DHX9 and DHX36) and IFN-inducible
protein IFI16'~ (Figure 1). The signal
transduction pathways that mediate the
response to cytosolic DNA have been
characterized and are mainly thought to
act through the AIM2-dependent secre-
tion of IL-1f or the STING-mediated
activation of the TBK1-IRF3 axis, leading
to induction of antiviral gene expres-
sion, particularly type I IFN' (Figure 1).
However, there is little insight on how
cytosolic DNA induces activation of
the transcription factor NF-xB, which
is important for the DNA-triggered
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production of pro-IL-1f, TNF and IL-6.
Recently, Roth ef al* defined a cytosolic
DNA recognition pathway responsible for
the DNA-triggered activation of NF-«xB
and the induction of pro-IL-1f.

The study investigated the role of cas-
pase recruitment domain-containing pro-
tein 9 (CARDY) in innate immunity.
CARD? is a non-redundant adaptor pro-
tein that functions in the assembly of
innate multifunctional signaling com-
plexes.” CARD9 links Syk-coupled C-type
lectin receptors to activate inflammatory
responses and responds to cytosolic sen-
sors, such as RIG-I and Nod2.' By
using yeast two-hybrid screening, the
authors found an interaction between
Rad50 and CARD?Y, and they confirmed
this association in mammalian cells
through biophysical techniques and
immunoprecipitation of endogenous pro-
teins. Rad50 forms a DNA receptor com-
plex with Mrell and Nbsl (the MRN
complex), which senses and responds to
double-strand breaks of DNA in the nuc-
leus."" Due to the DNA binding ability of
Rad50, the authors detected a Rad50-
dependent link between CARD9 and
viral dsDNA. Interestingly, transfection of
dendritic cells (DCs) with DNA caused the
translocation of Rad50 (and Mrell and
Nbsl) from the nucleus to the cytoplasm.
Rad50 was recruited to the dsDNA, and
CARDY was also contained within the
dsDNA-Rad50 complex aggregates. The
potential function of this complex in
DNA-induced innate immunity was then
assessed. IL-1 production in response to
DNA was impaired not only in CARD9-
deficient DCs, but also in conditional

Rad50-deficient DCs compared to wild-
type cells. In contrast, type I IFN produc-
tion was unaffected by the deletion of
CARD9, whereas STING-deficient DCs
showed the opposite results. These find-
ings implicate Rad50 as an innate
immunological sensor of DNA and reveal
a novel DNA sensing pathway for IL-1
production.

Next, the authors investigated the
mechanisms by which the Rad50-CARD9
complex might mediate the production
of IL-1B. Consistent with the ability of
CARD? to activate canonical NF-kB sig-
naling for other pathogen-sensing path-
ways, the authors observed that the
translocation of NF-kB subunits RelA
(p65) and c-Rel to the nucleus was
defective in CARD9-deficient DCs, spe-
cifically after cytosolic transfection of
DNA. As it is known that CARD9
engages Bcl-10 to activate NF-xB in C-
type lectin or RIG-I-activated pathways,
the authors investigated the involvement
of Bcl-10 during DNA-induced innate
immunity in Bcl-10-deficient DCs. They
found that Bcl-10 was essential for the
activation of NF-kB and the generation
of IL-1B, but not for IFN-B induced by
cytosolic dsDNA. Based on the findings
that CARD9 and Bcl-10 acted together to
activate NF-kB following cytosolic DNA
sensing, the authors demonstrated that
Bcl-10 was recruited to the dsDNA-
Rad50 complexes in a CARD9-depen-
dent manner. Therefore, Rad50 senses
cytosolic DNA and recruits CARDSY,
which results in the engagement of Bcl-
10 for the activation of NF-kB. This then
facilitates the induction of pro-IL-1f.
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Figure 1 DNA sensing in the cytoplasm: recognition of cytosolic DNA appears to involve several sensors. DAI, DDX41, IF116 or cGAS bind various
cytosolic dsDNA, associate with STING and then activate the TBK1/IRF3 pathway, leading to the production of type | IFNs. AIM2 is a STING-independent
cytosolic DNA sensor that forms the inflammasome with ASC to trigger caspase-1 activation and secretion of the pro-inflammatory cytokines IL-1f and IL-
18. DHX36 and DHX9 are identified as STING-independent but MyD88-dependent sensors of CpG-containing DNA in plasmacytoid dendritic cells.
Another cytosolic dsDNA sensor, LRRFIP1, triggers IRF3-dependent production of IFN-B in a p-catenin-dependent manner. Ku70 also functions
independently of STING to induce the production of types | and Il IFN. AIM2, absent in melanoma 2; cGAS, cGAMP synthase; DAI, DNA-dependent
activator of interferon-regulatory factor; IFN, interferon; LRRFIP1, leucine-rich repeat (in Flightless 1) interacting protein-1.

However, the essential function of AIM2
in DNA-mediated cleavage of pro-IL-1
has been confirmed.>'? The authors fur-
ther clarified whether Rad50-CARD9
induces the production of IL-1f through
modulation of the inflammasome. They
found that DNA-stimulated activation of
caspase-1 was normal in CARD9-defi-
cient DCs; these results indicate the
mechanism for DNA-induced generation
of IL-1B, in which CARDY complexes
mediate the generation of pro-IL-1f,
which is subsequently processed by the
AIM2 inflammasome.’

Finally, they confirmed the roles of
Rad50, CARD9 and Bcl-10 during viral

infection. After infection with vaccinia
virus, the generation of IL-1f and other
cytokines (IL-6 and TNF) was CARD9-
and Bcl-10-dependent, and foci of DNA-
Rad50-CARDY complexes were visible
in the cytoplasm. After in vivo intraven-
ous infection with vaccinia virus,
CARD9-deficient mice showed dimini-
shed IL-1P production and significantly
impaired CD8" T-cell responses com-
pared to wild-type mice.

Roth et al.* demonstrate the existence
of a novel cytosolic DNA sensing mecha-
nism that induces IL-1B production
(Figure 2). Transfection of DCs with
dsDNA or infection of DCs with a DNA

virus induced the formation of dsSDNA—
Rad50-CARD?9 signaling complexes, and
this novel complex controlled NF-«xB
activation and pro-IL-1p transcription
in a cGAS-STING-independent manner.
Although STING is essential for DNA-
triggered innate immune responses and
is thought to contribute to optimal NF-
kB responses, it had no effect on the gen-
eration of IL-1f in this pathway.
Nonetheless, the role of STING in
DNA-mediated activation of NF-«B still
requires further investigation.

Rad50, together with Mrell and Nbs1
(MRN complex), plays a central role in
double-strand break repair and DNA
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Figure 2 Cytosolic DNA recognition pathway for IL-1f production. Upon recognition of DNA, AIM2 interacts with ASC, a common adaptor of the
inflammasome, leading to the assembly of an inflammasome and the cleavage of caspase-1, which induces the processing of pro-IL-1p and the
secretion of IL-1B. Roth et al.* demonstrated a new cytosolic DNA sensing pathway that was able to induce IL-1B. The presence of DNA or a DNA
virus in the cytosol induces the formation of dsSDNA-Rad50-CARD9 signaling complexes, which control NF-kB activation and the transcription of
the gene encoding pro-IL-1B. AIM2, absent in melanoma 2; CARD9, caspase recruitment domain-containing protein 9.

recombination in the nucleus. In this
paper, the authors found that Rad50
translocates to the cytoplasm to recognize
viral DNA. These results demonstrate
crosstalk between the DNA-damage res-
ponse system and the innate immune res-
ponse to pathogens. However, a series
of issues are raised by these findings.
What signals Rad50 to move out of
the nucleus and sense cytosolic DNA?
How do the three members of the
MRN complex cooperate during the
relocation and DNA sensing process?
The communication between nuclear
proteins and cytosolic DNA requires
further investigation.

IL-1B is a crucial pro-inflammatory
cytokine that needs to be tightly con-
trolled, as its aberrant generation can
induce severe pathological conditions.
IL-1B is not only important for immuno-
logical defense, but is also an important
factor in inflammatory autoimmune
diseases.”” The findings in this paper

indicate that the new Rad50/CARDY/
Bcl-10 pathway may be expected to con-
tribute to auto-inflammatory conditions
associated with responses to cytosolic self-
DNA. Collectively, Roth et al* define a
cytosolic DNA recognition pathway for
inflammation and a physical and func-
tional connection between a conserved
DNA damage sensor and the innate
immune response to pathogens. Further
studies of the Rad50/CARDY/Bcl-10
pathway may benefit mechanistic studies
and therapeutic design for autoimmune
and cytosolic DNA-induced inflamma-
tory diseases.
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