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gC1qR is one of the C1q receptors implicated in the regulation of
innate and adaptive immunity. We found that gC1qR inhibits RIG-I
and MDAS5-dependent antiviral signaling. Double stranded RNA
and virus trigger the translocation of gC1qR to the mitochondrial
outer membrane leading to the interaction of gC1gR with the RIG-I
and MDAS adaptor, VISA/MAVS/IPS-1/Cardif. The interaction of
gC1qgR with VISA/MAVS/IPS-1/Cardif at mitochondria results in the
disruption of RIG-l and MDAS signaling and the promotion of virus
replication. Knockdown of endogenous gC1qR enhances RIG-I-
dependent antiviral signaling, and augments the inhibition of virus
proliferation. Therefore, gC1qR is a physiological inhibitor of the
RIG-l and MDA5-mediated antiviral signaling pathway. These data
uncover a new viral mechanism used to negatively control antiviral
signaling in host cells.
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pon viral infection, the host cells trigger innate immune

signaling cascades critical for effective antiviral immune re-
sponses through both Toll-like receptor (TLR)-dependent and
-independent pathways, resulting in the induction of type I IFN,
including IFN-B and the family of IFN-« (1-3). TLRs recognize
extracellular viral components such as viral DNA (sensed by
TLRY), dsRNA (sensed by TLR3), and ssRNA (sensed by TLR7/8)
(4). In contrast, RIG-I and MDAS are RNA helicases, which
function as cytoplasmic viral RNA sensors to mediate TLR-
independent antiviral responses (5, 6).

RIG-I and MDAS belong to the family of DExD/H box RNA
helicases that contain 2 caspase-recruiting domains (CARD) at
their N termini and a single DEXxD/H box RNA helicase domain at
their C termini. The helicase domain is required for the recognition
of intracellular viral RNA. The CARD domain is responsible for
transducing signals to the downstream adaptor VISA (virus-
induced signaling adapter) [also identified as IPS-1, Cardif, or
MAVS (7-10)] through a CARD-CARD interaction. VISA con-
tains an N-terminal CARD-like domain and a C-terminal trans-
membrane domain, both of which are essential for signaling. The
transmembrane domain guides VISA to the mitochondria, where it
functions as an adaptor for RIG-I and MDAS (8). These findings
demonstrate a new role for mitochondria in the innate immune
response.

Although the induction of type I IFN plays a key role in the
control of viral infection, limiting signaling initiated by type I IFN
is essential to prevent this protective response from causing injury
to the host. Recently, negative regulators of RIG-I and MDAS5
signaling have been identified, including A20 (11) and NLRX1 (12).
However, the relevance of these negative regulators to physiological
functions is not clear.

Human gCl1qR (receptor for globular head domain of comple-
ment component C1q), a ubiquitously expressed protein, has been
implicated in various ligand-mediated cellular responses. It is found
in the mitochondria (13-15), nucleus (14), cytoplasm (16, 17) and
at the cell surface (18-20). The N terminus of the immature gC1qR
includes a mitochondrial targeting sequence. We here identified
human gCl1qR as a physiological inhibitor of RIG-I and MDAS
signaling. It translocates to the mitochondrial outer membrane
upon viral infection, which leads to the inhibition of RIG-I and
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MDAS mediated antiviral response through the interaction with
VISA at mitochondria.

Results

gC1qR Inhibits RIG-1 and MDAS5 Signaling. Recent reports suggest that
¢Cl1gR, a ubiquitously expressed protein (Fig. S1), might be im-
portant for virus replication (21, 22), prompting us to investigate
whether gC1qR participates in viral infection. We first addressed
the effect of gC1qR on virus activated signaling. We transfected
¢ClgR with IFN stimulated response element (ISRE), NF-«B, or
IFN-B reporter plasmids into 293T cells, and then infected the cells
with Sendai virus, a RNA virus. As shown in Fig. 14, virus infection
activated ISRE, NF-«B and IFN-B promoters. The activation was
significantly suppressed in cells overexpressing exogenous gClgR.

Virus activated signaling may be mediated by TLR3-dependent
or -independent pathways. To determine which pathway(s) gC1qR
inhibits, we exposed cells overexpressing a control vector or gC1qR
to the viral dsRNA homologue polyinosinic:polycytidylic acid
[poly(I:C)] either extracellularly (to activate TLR3) or intracellu-
larly (to activate RIG-I and MDAS). Poly(I:C) cannot activate an
ISRE reporter in TLR3-deficient 293T cells or primary HUVECs
when added in the medium. However, when poly(I1:C) was trans-
fected into cells, the ISRE promoter was activated (Fig. S2).
Moreover, Overexpression of gClqR significantly suppressed
NF-«B and ISRE promoter activation by transfected poly(I:C), but
not by poly(I:C) added to the culture medium in 293T transfected
with TLR3 (Fig. 1B). Transfection of poly(I:C) has been shown to
activate RIG-I and MDAS5-dependent signaling (5, 23, 24). There-
fore, gC1qR might suppress RIG-I and MDAS-dependent signal-
ing. To test this notion, we cotransfected gC1qR and RIG-I, and
then measured ISRE and NF-«B reporter activity. Overexpression
of RIG-I or its CARD domain (ARIG-I) activated ISRE or NF-«B
reporters (Fig. 1C). ARIG-I exhibited more potent effect on the
activation of promoters than full-length RIG-I did. The activation
driven by RIG-I and ARIG-I was significantly blocked in cells
overexpressing exogenous gC1gR. MDAS is a RIG-1 homologue
and plays the similar role as RIG-I in antiviral signaling (25). It also
contains CARD motifs. Therefore, we evaluated the effect of
gC1gR on MDAS mediated signaling. gC1gR also suppressed the
activation of ISRE and NF-«B by full length MDAS and its CARD
(AMDAS) (Fig. 1D). These results indicate that gC1qR specifically
inhibits both RIG-I and MDAS signaling pathway.

IFN regulatory factor 3 (IRF-3) is a transcription factor that
activates ISRE. It is phosphorylated upon viral infection, and binds
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Fig. 1. gC1gR inhibits RIG-I and MDA5-mediated signaling. (A) gCl1gR
inhibits Sendai virus-induced activation of ISRE, NF-kB and IFN-B8 promoter.
The 293T cells (1 X 10°) were transfected with the indicated luciferase reporter
plasmids (0.1 pg), control vector or gC1qR expression plasmid (0.5 ug). 12 h
after transfection, cells were infected with Sendai virus or left uninfected for
12 h before luciferase assays were performed. (B) gC1gR inhibits poly(l:C)
activated intracellular signaling. (Lower) The 293T cells (1 X 10°) were trans-
fected with the indicated luciferase reporter plasmids (0.1 .g) and expression
plasmids (0.5 ug of each), and were treated with poly(l:C) (20 ng/ml) for 6 h
before luciferase assays were performed. (Upper) Cells were transfected with
gC1gR expression plasmids and poly(l:C) (0.5 ug of each) followed by lucif-
erase assays. (C and D) gC1qR inhibits activation of ISRE and NF-«xB mediated
by RIG-I, ARIG-I, MDA5 and AMDAGS. The 293T cells (1 X 103) were transfected
with the indicated luciferase reporter plasmids (0.1 1g) and expression plas-
mids (0.5 g of each). Eighteen hours after transfection, luciferase assays were
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to the ISRE to activate the transcription of a set of genes including
IFN-B. Several pathways can mediate the activation of IRF3,
including the RIG-I and TLR pathways. We evaluated the effect of
¢C1gR on RIG-I and TLR mediated IRF3 activation. gC1qR was
cotransfected into 293T cells with ARIG-I, or the TLR pathway
components TRIF, TBK1 or IKKe and immunoblot assay was
performed. The result indicated that gClqR almost completely
blocked ARIG-I mediated IRF3 phosphorylation (Fig. 1E), but
only weakly affected TRIF mediated IRF3 phosphorylation, and
did not affect TBK1 and IKKe mediated phosphorylation of IRF3,
consistent with the data from Fig. 1B. We also tested whether
overexpression of gC1gR has an effect on the activation of PI3K
signaling by examining the phosphorylation of Akt, a downstream
transducer of PI3K. No change in Akt phosphorylation was ob-
served (Fig. 1E), suggesting that the involvement of gClqR in
RIG-I signaling is not related to PI3K pathway.

Virus Infection Induces the Translocation of gC1qR into Mitochondria.
Because both gC1gR and VISA contain a mitochondrial targeting
sequence required for their mitochondrial localization (8, 15), and
mitochondrial localization is required for VISA signaling, we
addressed whether the mitochondrial targeting sequence is re-
quired for the inhibition of RIG-I and MDAYS signaling by gC1qgR.
One to 73 aa of the gC1qR mitochondrial targeting sequence was
deleted to form the truncated gClqR 74-282, also considered a
mature form, because amino acids 1-73 are excised to generate the
mature form of gCIgR (15). Interestingly, we found that the full
length and mature forms of gC1qR behaved differently. Mature
¢Cl1gR suppressed the activation of the NF-«B promoter, but not
the ISRE promoter, in cells overexpressing VISA (Fig. 24). Mature
gC1gR was also able to suppress activation of ISRE and NF-«B
reporters in cells infected by virus or transfected with poly(I:C) (Fig.
2B). In contrast, full length gC1qR suppressed activation of both
ISRE and NF-«B reporters induced by either VISA overexpression,
viral infection, or transfection with poly(1:C) (Fig. 2.4 and B). The
suppression occurred not only in 293T cells (Fig. 24 Upper), but also
in human umbilical vein endothelial cells (HUVECs) (Fig. 24
Lower). These data demonstrate that mitochondrial localization is
required for the suppression of ISRE activation by gC1qR, and
suggest that viral infection, especially double stranded RNA, the
product of virus replication, induces the translocation of gC1gR to
mitochondria.

To examine gClqR localization, we expressed a Myc-tagged
version of gC1gR in 293T cells and visualized it using fluorescent
confocal microscopy. Full length gC1qR labeling overlapped with
mitochondrial staining, and viral infection enhanced this overlap
(Fig. 2C). Mature gC1qR did not show mitochondrial localization
when overexpressed in cells (Fig. 2D Upper), and it translocated to
mitochondria only in cells infected by virus (Lower). To determine
whether the virus-induced translocation of gC1gR is a physiological
response rather than a result of overexpression, we used a gC1qR
monoclonal antibody to monitor endogenous gC1qR in cells in-
fected with Sendai virus or transfected with poly(I:C). As shown in
Fig. 2E, endogenous gC1qR was observed in both mitochondria
and cytoplasm in uninfected cells (Fig. 2E Top). When cells were
infected by virus (Fig. 2E Middle) or transfected with poly(I:C) (Fig.
2E Bottom), the cytoplasmic staining for gC1qR was decreased, but
mitochondrial staining was increased. It demonstrated that dsSRNA
is the viral component that induces the translocation of endogenous
¢Cl1gR to mitochondria upon infection. Thus, the translocation of
¢Cl1gR to mitochondria is a physiological host response to viral
infection.

performed. (E) gC1qgR blocks ARIG-I-mediated IRF-3 activation. The 293T cells
were transfected with the indicated expression plasmids (0.5 ng). Whole cell
extracts were analyzed by immunoblot assays.

PNAS | February 3,2009 | vol. 106 | no.5 | 1531

IMMUNOLOGY



A ISRE NF-kB B ISRE NF-xB
Z 1200 Z 80 > Z
2 H £ 200 £2
3 1000 gn 3 '3
2 g0 Ovector o 80 Ovector o 150 O vector o 15 Dvector
o © 50 2 ©
£ e0 DgC1aR(@a74-283) £ 40 DgC1qR(aa74-283) 2 100 DgC1qR(aa74-282) 2 10 0 gC1qR(aa74-282)
3 330 E] S
: 400 BgC1qR(al283) | g 20 BgC1qR(aal-283) 3 BgC1qR@al282) | 3 5 BgC1aR(aal-262)
= 200 = = =
] £ 10 2 2
£ o 2o 3 0 3 0

vector  VISA vector VISA L4 o1 v o cT sv
. ISRE(in HUVEC) NF-kB(in HUVEC) - ISRE . NF-kB
£ 29 : 3"
g £e D 245
P f’é 2 gg Ovector 2 3 Ovector
& 2 8 s
820 Ovector | £ 5 Ovector 2 40 gCiqr(74282)| £ 28 D gC1qR(74-282)
S 15 BgClaR] 5 4 BgCigR S 30 g 2
< 10 R % 20 ®gC1qR(1-282) | 3 1? BgC1qR(1-282)
2 2 i i e 2 i bl
55 £2 210 Sos5
& o & ¢ o < 0

vector VISA Vedtor VISA CcT polyl:C CcT polyl:C

@)

gC1qR-myc (1-282) Mitotracker Red

O

. Flag-gC1qR (74-282) Mitochondria Merge
) ..
SeV
. -
Scale bar: 10p m
E Endogenous gC1gR  Mitochondria Merge
cT cell mitochondria VISA
o 9CIR |— = — — gC1gR [ 77T e v = T
VDAC-1 e M ame|  Oxphos Complex ||
— CT SV CT Sy 39KDasubunit [T ——"]
Trypsin = - - = + +
sV . . + - +
oly I:C -
oy Cell Mitochondria
(transfected) G
Myc - e wn e - e
VDAC-1[** e aw o o == 4 40 99 9 W W
sV - + - + - + - + - + - +
vector Myc-gC1gR Myc-gC1gR vector  Myc-gC1gR Myc-gC1gR
SeV aal-282  aa74-282 aal-282  aa74-282
Cell Mitochondria
(Scale bar: 10um) HA-VISA  Myc-gC1qR(74-282) Merge
| HA-VISA  Myc-gC1gR(1-282) Merge

h .

(Scale bar: 10um)

(Scale bar: 10um)

Fig.2. Virusinfection induces the translocation of gC1gR into mitochondria. (A) gC1gR inhibits VISA-mediated activation of ISRE and NF-«B in both 293T cells
(Upper) and primary HUVECs (Lower). The experiments were performed as in Fig. 1C. (B) (Upper) Virus induces the suppression activity of gC1gR on ISRE activation.
The experiments were performed as in Fig. 1A. (Lower) Polyl:C induces the suppression activity of gC1qR on ISRE activation. The experiments were performed
asin 1B. (Cand D) Translocation of ectopic full length gC1qR and gC1qR74-282 aa. The 293T cells were transfected with indicated expression plasmids followed
by viralinfection. Cells were subjected to confocal assay probed with Mitotracker Red and antibody against the tag. (E and F) Translocation of endogenous gC1qgR.
293T cells were infected with Sendai virus or treated with poly(l:C). (E) Cells were subjected to confocal assay probed with antibody against gC1gR monoclonal
antibody and Mitotracker red after treatment. (F) Mitochondrial protein was extracted and analyzed by immunoblot assay with antibodies against gC1gR and
VDAC-1, a mitochondria marker. (G) Identification of translocation of ectopic gC1qR74-282 aa and full length gC1gR by immunoblot assay. The 293T cells were
transfected with indicated expression plasmids followed by viral infection. Cellular protein and mitochondrial protein were analyzed by immunoblot assay with
specificantibody. (H) Endogenous gC1qgR localizes at outer membrane of mitochondria after translocation induced by virus. Cells were infected with Sendai virus.
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We then performed biochemical experiments to confirm the
translocation of exogenous and endogenous gC1qR into mitochon-
dria upon viral infection. Cellular and mitochondrial proteins were
isolated from cells infected with Sendai virus and immunoblotted,
using a monoclonal antibody for gClqR or a Myc antibody.
Endogenous gC1gR levels clearly increased in the mitochondrial
fraction upon viral infection, whereas total cellular levels of gC1qR
remained the same (Fig. 2F). Cells expressing gC1qR 74-282 aa
also showed the same results after viral infection, whereas full
length gC1qR was enriched at mitochondria without infection (Fig.
2G). Thus, the subcellular localization of endogenous and exoge-
nous gClgR after viral infection consistently supported the con-
clusion that viral infection triggers the translocation of gC1qR into
mitochondria.

Although VISA has been identified to be in the outer membrane
(8), the exact localization of gC1qR at mitochondria is not well
defined. To determine the localization of translocated gC1qR, we
isolated mitochondria from virally infected or uninfected cells,
incubated them with trypsin, and then immunoblotted the lysates
with gC1qR antibody (Fig. 2H). After trypsin digestion the outer
membrane protein VISA could no longer be found in mitochondria
in either uninfected or infected cells (Fig. 2H), whereas the inner
membrane protein Oxphos Complex I 39K Da subunit, remained
unchanged. In contrast, trypsin digestion slightly reduced gC1qR
level in mitochondria from uninfected cells, but largely reduced
gC1qR level in mitochondria from virus infected cells (Fig. 2H).
These results suggested that basal levels of gC1qR may be found in
mitochondrial matrix and in cytoplasm, and that viral infection
induces the translocation of gClgR to the mitochondrial outer
membrane where it is retained by its interaction with VISA, because
the total gC1gR was stable upon viral infection in both mRNA and
protein level (Fig. S3). Confocal microscopic visualization of exog-
enous VISA and gC1qR confirmed their colocalization in the same
cellular compartment (Fig. 27), which could be observed both in
uninfected and virally infected cells. Mature gC1qR was colocalized

with VISA only in cells infected with virus. Finally, we determined
whether gC1qR interacts with VISA within cells by FRET (fluo-
rescence resonance energy transfer). Results clearly showed that
full length gC1qR interacted with VISA within cells, whereas the
truncated form gC1qR1-167 aa failed to interact with VISA (Fig.
S4). Taken together, these data demonstrate that virus-induced
translocation to mitochondria is required for gC1qR inhibition of
VISA-mediated ISRE activation.

gC1qR Interacts with VISA upon Viral Infection. VISA is a signaling
component in both RIG-I and MDAS signaling pathways (10).
gC1qR suppresses both RIG-I- and MDAS5-mediated (Fig. 1 C and
D) and VISA-mediated (Fig. 24) signaling, suggesting that VISA
could be a target of gClqR. We therefore examined whether the
suppression of ISRE or NF-«B activation is mediated by the
interaction between gC1qR and VISA. When both tagged proteins
are overexpressed, VISA could be coimmunoprecipitated with
¢C1gR and vice versa, demonstrating that these two proteins
interact in cells (Fig. 34 and B). Intriguingly, gC1qR 74-282 showed
only a weak interaction with VISA in uninfected cells. The inter-
action was dramatically enhanced in cells infected by Sendai virus
(Fig. 3C). As shown in Fig. 3D, endogenous gC1gR also weakly
associated with endogenous VISA in uninfected cells, and this
association was significantly enhanced in cells infected with virus.
These results demonstrate that viral infection plays an important
role in the association of gC1qR with VISA, and such an association
is a physiological event in response to viral infection. Furthermore,
it has been shown that the interaction between VISA and ARIG-I
was disrupted by overexpression of gC1qR (Fig. S5). It suggests that
the disruption of the interaction between VISA and RIG-I by
2Cl1qR results in the inhibition of RIG-I signaling.

To map the inhibition region on gClgR, we made a series of
deletion constructs as illustrated in Fig. S6. Co-IP experiments were
performed to examine the interaction between the gC1qR mutants
and VISA. The interaction of gClqR with VISA was mainly

Mitochondria were isolated according to the method described in ref. 33. Mitochondria were then incubated with trypsin (1 mg/ml) for 20 min at room
temperature. Cellular protein and mitochondrial protein were respectively extracted after digestion, followed by immunoblot assay using antibody against VISA,
gC1gR and Oxphos Complex | 39K Da subunit. (/) Colocalization of gC1gR and VISA. The 293T cells were transfected with indicated expression plasmids followed
by viral infection. Cells after treatment were subjected to confocal assay probed with antibody against the tag.
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mediated by the region between 168 and 213 aa. The mitochondrial
targeting sequence of gC1gR facilitated the interaction, because
¢Cl1gR without the mitochondrial targeting sequence showed only
a weak interaction (Fig. S6). These results are consistent with the
data in Fig. 21 that full length gC1gR was colocalized with VISA in
uninfected cells whereas mature gClqR was not. We next per-
formed ISRE and NF-«B reporter assays to evaluate the effects of
gCl1gR deletion mutants on virus- and VISA-mediated signaling.
Again, 168-213 aa was the main region required for the inhibition
of NF-«B promoter activation. This region without mitochondrial
targeting sequence inhibited both VISA-mediated and viral infec-
tion-induced activation of NF-«B (Fig. S7). For the inhibition of
ISRE activation, either the mitochondrial targeting sequence or
virus infection was required (Fig. S8). These functional results
are consistent with the results from the coimmunoprecipitation
assays.

gC1qR siRNA Results in Enhanced Antiviral Response. We wanted to
determine whether endogenous gClqR also suppresses IFN-3
production and leads to the reduction of antiviral response. Al-
though it has been reported that double stranded RNA can induce
the immune response (26), gene silencing and immunostimulation
are two independent functional characteristics of RNA oligonucle-
otides. Therefore, we used siRNA to knock down gClgR and
measured IFN-B levels induced by RIG-I expression or viral
infection. Five different siRNA oligonucleotides for gC1qR were
designed and used for the knockdown assay. It showed that
siRNA-1 had the strongest knocked down effect on endogenous
gC1qR (Fig. 44 Upper) and it significantly affected activation of
ISRE by virus (Lower). Therefore, siRNA-1 was used for the
following experiments. As expected, IFN-B mRNA and protein
were potently induced by RIG-I expression or viral infection, and
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the induction was significantly enhanced in cells where endogenous
gCIlqR was knocked down in both 293T cells and primary
HUVECs by siRNA-1 compared with control siRNA (Fig. 4 B
and C).

RIG-I signaling is required for establishing the antiviral state
independent of TLR3. The results described above demonstrate
that gC1qR suppresses RIG-I-mediated activation of ISRE and
NF-«B, and the induction of IFN-B. We wanted to determine
whether gCIqR has an effect on the RIG-I-mediated antiviral
response. VSV assay was used to evaluate the effect of gC1qR on
virus proliferation. Knockdown of endogenous gC1qR significantly
inhibited viral proliferation, and RIG-I- and VISA-mediated sup-
pression of viral proliferation was enhanced in gC1gR silenced cells
(Fig. 4D Upper). These data are consistent with the conclusion that
silencing endogenous gClgR augments the induction of IFN-S
(Fig. 4 B and C). Conversely, viral titers were increased in cells
overexpressing either full length gC1qR or gC1qR 74-282 (Fig. 4D
Lower). Suppression of viral proliferation by RIG-I and VISA
expression was also prevented by overexpression of either full
length gC1gR or gC1qR 74-282 (mature gC1qR) (Fig. 4D Lower).
Thus, gC1qR is a physiological inhibitor of the RIG-I-mediated
antiviral response.

Discussion

¢Cl1qR is a multicompartmental and multibinding protein, and
thus, a multifunctional protein. Although recent evidence sug-
gests that gC1qR may be involved in the regulation of innate
immunity and adaptive immunity (27-29), its precise physiolog-
ical functions and their underlying molecular mechanisms, es-
pecially in virus infection, remain to be determined. In this study,
we report that gC1gR is a physiological inhibitor of RIG-I and
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MDAS5-dependent antiviral signaling through the interaction
with VISA at mitochondria.

Pathogen invasion triggers innate immune host responses re-
quired to contain and eradicate foreign microbes. However, the
innate immune system must also limit its response to pathogens,
because excessive and prolonged activation of innate immunity is
harmful to the host and, in some cases fatal, because of severe tissue
damage and circulatory failure. Some factors such as A20 (11),
NLRX1 (12), SIKE (30), and DAK (31), which serve as native
negative regulators in RIG-I and MDAS5 and TLR3 antiviral
signaling, may contribute to limiting the antiviral host response. For
example, as an inhibitor of steady-state, SIKE was associated with
TBK1 in uninfected cells to block RIG-I and TRIF mediated
signaling pathway. Upon viral infection or TLR3 engagement,
SIKE was dissociated from the TBK1 complex. Similarly, DAK
bound to MDAS in uninfected cells and their interaction was
disrupted by viral infection.

However, gC1qR may act differently from these negative regu-
lators. It seems to function similarly to PI3K during bacterial
infection. LPS activates the TLR4 signaling pathway in host cells. In
parallel, it also activates a feedback PI3K pathway that negatively
regulates TLR4 signaling to balance the immune response (32).
Interestingly, viruses also evolved the ability to use host components
for proliferation and survival. It seems that gC1gR might be the
primary target of some viruses as a negative feedback regulator,
although gC1qR is stable upon viral infection in both mRNA and
protein level (Fig. S3). Viral infection activates the translocation of
gC1qR to mitochondria and then enhances the association between
gClqR and VISA (Fig. 2 and 3), which disrupts the interaction
between VISA and RIG-I (Fig. S5) or downstream molecules and
leads to the inhibition of RIG-I- and MDAS-mediated antiviral
responses. The inhibition of RIG-I- and MDAS-mediated signaling
by gC1gR was not limited to cultured 293T cell lines, and was also
observed in primary HUVECs (Figs. 24 and 4 B and C). These
results indicate that gClqR plays a critical role in suppressing
RIG-I- and MDAS-mediated signaling in physiologically immuno-
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competent cells. Taken together, our data identify a new role for
g¢ClgR in RIG-I- and MDAS5-mediated antiviral responses, but
there are still many issues remaining to be investigated. For
example, how does gC1qR translocate to mitochondria?

Our findings provide evidence that viruses use the host protein
¢C1gR to inhibit host antiviral responses and promote viral pro-
liferation by activating a suppressive pathway to negatively regulate
antiviral signaling. Inhibition of gC1qR translocation to mitochon-
dria could be a therapeutic approach to enhance the antiviral
response of the host, and may be an alternative means to treat virus
associated diseases.

Materials and Methods

Antibodies, Plasmids, and Reagents. All reagents are listed in S/ Materials and
Methods.

RT-PCR. Total RNA was isolated from 293T or HUVEGs, using TRIzol reagent
(Invitrogen) according to the manufacturer’s instructions. Two micrograms of
RNA was then reverse transcribed using SuperScript Il Reverse Transcriptase
(Invitrogen) to generate first strand cDNA. It was then subjected to PCR with
specific primers (Table S1).

ELISA. The supernatants of 293T cells or HUVECs were collected after treat-
ment as indicated. IFN-g level was measured by ELISA kit (Biosource).

Other Methods. Other methods are described in S/ Materials and Methods,
including the construction of gC1gR mutants, transfection and reporter gene
assays, coimmunoprecipitation and western blot analysis, vesicular stomatitis
virus (VSV) plaque assay, immunofluorescence assay, and preparation of cellular
and mitochondrial proteins.
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