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Regulation of MDA5-MAVS Antiviral Signaling Axis
by TRIM25 through TRAF6-Mediated NF-xB

Activation

Na-Rae Lee, Hye-In Kim, Myung-Soo Choi, Chae-Min Yi, and Kyung-Soo Inn*

Tripartite motif protein 25 (TRIM25), mediates K63-linked
polyubiquitination of Retinoic acid inducible gene | (RIG-I)

that is crucial for downstream antiviral interferon signaling.

Here, we demonstrate that TRIM25 is required for melano-
ma differentiation-associated gene 5 (MDA5) and MAVS
mediated activation of NF-kB and interferon production.
TRIM25 is required for the full activation of NF-xB at the
downstream of MAVS, while it is not involved in IRF3 nuc-
lear translocation. Mechanical studies showed that TRIM25
is involved in TRAF6-mediated NF-kB activation. These
collectively indicate that TRIM25 plays an additional role in
RIG-I/IMDAS signaling other than RIG-I ubiquitination via
activation of NF-xB.

INTRODUCTION

Retinoic acid inducible gene | (RIG-I) and melanoma differentia-
tion-associated gene 5 (MDA5) are members of the DExD/H
box RNA helicase family, and act as intracellular RNA sensors
detecting viral RNA to elicit antiviral immune responses includ-
ing production of type-l interferons (Kato et al., 2006; Yoneya-
ma et al., 2004). RIG-I has been implicated in recognizing vari-
ous clinically important viruses including influenza virus and
hepatitis C virus. MDAS5 plays a crucial role in antiviral immune
responses against picornaviruses and paramyxoviruses (Kato
et al., 2006; Loo et al., 2008; Nakhaei et al., 2009; Sumpter et
al., 2005). RIG-I and MDA5 share similar domain structures:
two N-terminal caspase activation and recruitment domain
(CARD) domains, a central helicase domain and a C-terminal
domain. Once RIG-I or MDA5 recognize viral RNAs, they un-
dergo a conformational change to enable interaction with
MAVS/IPS-1/VISA/Cardif, a critical downstream adaptor protein
located at the mitochondrial membrane (Kawai et al., 2005; Mey-
lan et al., 2005; Seth et al., 2005; Xu et al., 2005). Activation of
MAVS leads to the recruitment of signaling complexes such as
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the TANK-binding kinase 1 (TBK1) complex and | kappa B
kinase (IKK) complex to activate transcription factors including
IRF3/7 and NF-xB (Goubau et al., 2013; Ramos and Gale, 2011).

Upon recognition of viral RNA, RIG-I undergoes K63-linked
polyubiquitination catalyzed by tripartite motif protein 25
(TRIM25), an E3-ubiquitin ligase (Gack et al., 2007). Since the
delivery of K63-linked polyubiquitin to RIG-I is required for inte-
raction between RIG-I and MAVS (IPS-1, VISA, Cardiff), a cru-
cial downstream adaptor protein, TRIM25 is critical for RIG-I-
mediated antiviral signaling and interferon production (Gack et
al., 2007). Various viruses, including influenza A virus and Ka-
posi’s sarcoma-associated human herpesvirus (KSHV), have
evolved strategies to target this pivotal ubiquitination of RIG-I
(Gack et al., 2009; Inn et al., 2011b). An alternative mechanism
of RIG-I activation suggested by Zeng et al. (2010) involves
RIG-I activation by interaction of the its CARD domain with
unanchored K63-linked polyubiquitin chains generated by
TRIM25 catalyzation instead of covalent conjugation to RIG-I.
Although the suggested mechanism of RIG-I activation is dif-
ferent, their study confirms the critical roles of TRIM25 and K63-
linked polyubiquitin chains in RIG-I activation.

While recognition of RNA and activation of RIG-I have been
extensively studied, little is known about RNA recognition and
activation of MDAS. It has been shown that MDAS preferentially
recognizes long stable double-stranded RNA and higher order
RNA complexes, but the exact endogenous ligand for MDAS
remains elusive (Kato et al., 2008; Pichlmair et al., 2009). Al-
though it is known that RIG-I and MDA5 share the same
MAVS-mediated downstream signaling pathway, the details of
the activation process of MDA5 have not been extensively stu-
died. In this study, we investigated the potential role of TRIM25
in the MDA5-mediated antiviral signaling pathway and demon-
strate the positive regulatory role of TRIM25.

MATERIALS AND METHODS

Plasmids and reagents

GST-RIG-2CARD (RIG-IN), MDA5-2CARD (MDASN; aa1-295),
MAVS, eGFP-IRF3 and TRIM25 plasmids were previously
described (Gack et al., 2007; Wies et al., 2013). Influenza A
NS1 wild-type and E9Q6A/EQ7A mutant were described else-
where (Gack et al., 2009). TBK1, IKKa, IKKB, and IKKy con-
structs were kindly provided by Dr. Jae U. Jung. Poly I:C was
purchased from Invivogen.
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Fig. 1. TRIM25 is involved in MDA5-mediated
antiviral signaling. (A) Effect of TRIM25 depletion
on polyl:C induced interferon-f synthesis.
HEK293T cells were transfected with control
shRNA or shRNAs against TRIM25. Cells were
transfected with polyl:C 24 h later. Cells were
lysed at 6 h after transfection and analyzed for
interferon (IFN)-B mRNA levels by RT-gPCR, as
described in “Materials and Methods”. KD efficien-
cy (%): Knock-down efficiency compared to con-
trol (Ctrl). (B) Enhanced RIG-I and MDA5-
mediated IFN-B promoter activity by ectopic ex-
pression of TRIM25. HEK293T cells were trans-
fected with a RIG-IN, MDA5N expression plas-
mids or control vector together with vector or
TRIM25 expression plasmids as indicated. Cells
were co-transfected with IFN-B promoter-reporter
and TK-Renilla reporter plasmids. Promoter activi-
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ties were determined by Dual-Luciferase assay 16
h after transfection. (C) Enhanced RIG-I and
MDAS5-mediated NF-kB promoter activity by ectop-
ic expression of TRIM25. HEK293T cells were
transfected with expression plasmids and NF-kB
reporter plasmids as indicated. Promoter activities
were determined using procedures similar to
those in (B). (D) Requirement of TRIM25 for effi-
cient activation IFN-B promoter by MDA5. Wild-
type (WT) and TRIM25 knock-out (TRIM25 KO)
MEFs were transfected with vector or MDA5SN
plasmids together with reporter plasmids. IFN-3
promoter activity was determined by luciferase
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assay as describe above. (E) Inhibition of MDAS signaling by influenza A NS1. HEK293T cells were transfected with vector or MDA5N
plasmids together with wild-type influenza A NS1 (WT) or mutant NS1 (E96A/E97A) as indicated. IFN-B promoter activity was deter-
mined by luciferase assay as describe above. Results of experiments, performed in triplicate, are presented as means * standard

deviation. *p < 0.05, **p < 0.01

Cell lines

Human embryonic kidney (HEK293T) cells were maintained in
Dulbecco’s modified Eagle’s (DMEM) media containing 10%
fetal bovine serum (FBS) and penicillin/streptomycin (100 U/ml).
Wild-type (WT) and TRIM25-knockout mouse embryonic fibrob-
lasts (MEFs) were previously described (Gack et al., 2007).

Luciferase assay

Luciferase assays were conducted using Interferon-B promoter
reporter, NF-kB reporter, and interferon-sensitive responsive
element (ISRE) reporter plasmids to analyze activation of Interfe-
ron-B signaling pathway. All the luciferase assays were perfomed
using a Dual-luciferase assay kit according to the
er’s protocol (Promega). HEK293T cells and Mouse embryonic
fibroblasts (MEFs) were transfected with the indicated plasmids
and reporter plasmids. To deplete TRIM25 from HEK293T cells,
pSUPER retro.puro plasmids encoding shRNAs for TRIM25
were transfected. Details of the shRNA sequence and
tion method have been described previously (Gack et al.,
2007; Wies et al., 2013). All reporter plasmids were described
previously (Inn et al., 2011a). Data were normalized by Tymi-
dine-kinase (TK)-Renilla Iucilferase activity to compensate for
transfection efficiency. For polyl:C stimulation, polyl:C (2 ug/well,
6-well plates) was transfected 24 h after reporter plasmids
transfection using Lipofectamine2000 (Invitrogen) according to
the manufacturer’s instructions.
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RNA extraction and quantitative RT-PCR (RT-gPCR)
Synthesis of interferon- was analyzed by RT-qPCR using
CFX-9000 (Bio-Rad) real-time PCR. Total RNA was extracted
and cDNA was reverse transcribed from 1 ug RNA by Super-
script lll reverse transcriptase (Invitrogen) and oligox(dT) pri-
mers. Quantitative PCR was performed using 2 pl of synthe-
sized cDNA as a template. IFN- was amplified using the pri-
mer pair 5-GAACTTTGACATCCCTGAGGAGATT-3" (forward)
and 5-TGCGGCGTCCTCCTTCT-3 (reverse). Human IFN-3
mRNA levels were normalized to those of human B-actin, am-
plified with the primer pair 5-TGCCGCATCCTCTTCCTC-3’
(forward) and 5-CGCCTTCACCGTTCCAGT-3" (reverse).
TRIM25 knock-down efficiency was analyzed using the primer
pair 5-AGCAGCTACAACAAGAATACACG-3’ (forward) and 5-
GGCTCTGTTCAATCTCCTCCT-3".

Analysis of IRF3 nucleus translocation

HEK293T cells were transfected with eGFP-IRF3 and the indi-
cated plasmids or shRNAs. Twenty four hours after transfection,
cells were transfected with polyl:C (2 ug/ml) using Lipofecta-
min2000 (Invitrogen) according to the manufacturer’s instruc-
tions. Cells were further incubated for 12 h and then fixed with
4% paraformaldehyde for 20 min. Nuclei were stained with
DAPI. Nuclear localization of eGFP-IRF3 was examined under
fluorescent microscope. Six fields were randomly chosen from
two different slides for each group. More than three hundreds
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Fig. 2. Role of TRIM25 in MAVS-mediated signal-
ing. (A) TRIM25 is required for efficient activation
of IFN-B promoter by MAVS. Wild-type (WT) and
TRIM25 knock-out (TRIM25 KO) MEFs were
transfected with vector or MAVS plasmids
(hMAVS). Cells were co-transfected with IFN-8
promoter-reporter and TK-Renilla reporter plas-
mids. Promoter activities were determined by
Dual-Luciferase assay 16 h after transfection. (B)
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TRIM25 is required for efficient activation of NF-kB
& promoter by MAVS. WT and TRIM25 KO MEFs
were transfected with vector or MAVS plasmids
together with NF-kB reporter and TK-Renilla re-
porter plasmids. Promoter activities were deter-
mined using procedures similar to those in (A). (C)
Enhanced MAVS-induced IFN-B promoter activity
by TRIM25 overexpression. HEK293T cells were
transfected with vector, MAVS and TRIM25 plas-
mids as indicated, together with IFN-B reporter
and TK-Renilla reporter plasmids. Promoter activi-
ties were determined using procedures similar to
those in (A). (D) Enhanced MAVS-induced NF-kB
promoter activity by TRIM25 overexpression.
HEK293T cells were transfected with expression

plasmids and NF-kB reporter plasmids as indicated. Promoter activities were determined using procedures similar to those in (C).
Results of experiments, performed in triplicate, are presented as means * standard deviation.

cells were examined.

co-IP (co-immunoprecipitation) and immunoblotting assay

HEK293T cells were cotransfected with the indicated plasmids
and then lysed with Triton X-100 lysis buffer (25 mM Tris pH 7.5,
150 mM NaCl, 1 mM EDTA, 0.5% Triton X-100) containing
protease inhibitor cocktail (Pierce). After centrifugation, super-
natants were incubated at 4°C with the indicated antibodies
overnignt. Mixtures were further incubated with protein A/G
beads for 2-4 h. After washing with lysis buffer, bound proteins
were eluted with 1X sample buffer and subjected to SDS-PAGE
and immunoblotting.

Statistical analysis

Statistical comparisons between the control and treated groups
were performed using the Student’s t-test. A value of p < 0.05
was considered to be significant.

RESULTS

TRIM25 is involved in MDA5-mediated antiviral signaling

It has been shown that commercial polyl:C is mainly recognized
by MDADS rather than RIG-I (Kato et al., 2006; 2008). Thus, we
initially tested the effect of depletion of TRIM25 on polyl:C-
induced interferon-f production. Knock-down of TRIM25
using shRNAs resulted in a decrease of interferon-3 mRNA
synthesis in polyl:C transfected cells (Fig. 1A). To confirm the
activation of MDA5 signaling activity by TRIM25, TRIM25 was
co-expressed with MDA5-2Card (MDA5SN), a constitutively
active form of MDA5. As shown in Figs. 1B and 1C, TRIM25
enhanced both RIG-IN- and MDAS5SN-mediated interferon-§
promoter activity and NF-kB transcriptional activity to a similar
extent. In addition, MDASN-mediated interferon-§ promoter
activity in TRIM25 deficient cells (TRIM25 MEF) was much
lower compared to wild-type MEF, suggesting that TRIM25 is
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required for efficient activation of the MDA5 signaling pathway
(Fig. 1D).

Previously, it was reported that Non-structural protein 1 (NS1)
of influenza A virus suppresses RIG-I-mediated antiviral signal-
ing through disruption of TRIM25 (Gack et al., 2009). To further
confirm the activity of TRIM25 on MDAS5 signaling, we tested
whether influenza A NS1 can suppress MDA5 signaling. As
shown in Figs. 1E and 1F, ectopic expression of NS1 sup-
pressed interferon-B promoter and NF-kB promoter activation
induced by MDAS5N. In addition, the NS1 E96/97A mutant
(Gack et al., 2009), which does not interact with TRIM25 and
therefore cannot inhibit TRIM25, did not exert inhibitory activity
on MDA5SN-mediated signaling (Figs. 1E and 1F).

Role of TRIM25 in MAVS-mediated signaling

Upon activation of RIG-I and MDAS5, both are recruited to
MAVS, a critical downstream molecule. The effect of TRIM25
on MAVS-induced interferon signaling was investigated to de-
termine whether TRIM25 acts upstream or downstream of
MAVS. MAVS-induced interferon- promoter activity and NF-xB
transcriptional activity in TRIM25 deficient MEFs were lower
than those in wild-type MEFs, indicating that TRIM25 may act
downstream of MAVS (Figs. 2A and 2B). In addition, ectopic
expression of TRIM25 augmented MAVS-induced activation of
interferon-f promoter activity and NF-kB transcriptional activi-
ties (Figs. 2C and 2D).

Activation of TRAF6-mediated NF-xB by TRIM25

Upon activation of RIG-I or MDA5 signaling pathways, IKK and
TBK complexes are recruited to MAVS to activate NF-xB and
IRF3/7 transcriptional factors, respectively. To further elucidate
the action of TRIM25 in the MDA5-MAVS signaling pathway, we
examined the effect of TRIM25 on IRF3 nuclear localization and
NF-xB activation. As depicted in Fig. 3A, ectopic expression or
depletion of TRIM25 did not significantly change GFP-IRF3

Mol. Cells 761
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Fig. 3. TRIM25 is dispensible for MAVS-mediated IRF3 activation. (A) Role of TRIM25 in polyl:C-induced IRF3 nuclear translocation.
HEK293T cells were transfected with eGFP-IRF3 together with vector or TRIM25 expression plasmids. Cells were re-transfected with
polyl:C 24 h after the first transfection. Localization of eGFP-IRF3 was examined under fluorescent microscopy (upper left panel). To
see the effect of TRIM25 depletion, HEK293T cells were transfected with e GFP-IRF3 together with control shRNA (Ctrl) or shRNAs
against TRIM25 (Right panel; TRIM25 KD). Three randomly chosen fields were examined for each group. Lower panel shows repre-
sentative images from the shRNA experiment. NS. Not significant. (B) TRIM25 ectopic expression does not affect MAVS-induced IRF3
phosphorylation. HEK293T cells were transfected with indicated plasmids. Cell lysates were subjected to immunoblotting using indi-
cated antibodies. (C) TRIM25 does not enhance TBK1-induced ISRE promoter activation. HEK293T cells were transfected with indi-
cated plamids and ISRE reporter plasmid. ISRE promoter activity was analyzed by dual-luciferase assay. (D) Interaction between
TRIM25 and IKK complex proteins. TRIM25 physically interacts with the IKK complex. HEK293T cells were transfected with Flag-
TRIM25 and vector, HA-IKKa, HA-IKKB, or HA-IKKy. The 24 h after transfection, cell lysates were subjected to immunoprecipitation
using an anti-HA antibody and analyzed by immunoblotting using the indicated antibodies. (E) TRIM25 does not affect the NF-«kB (p65)
phosphorylation upon IKKa or IKKB expression. HEK293T cells were transfected with indicated plasmids and shRNAs. Knock-down
efficiency was confirmed by measuring TRIM25 mRNA using RT-gPCR. Cell lysates were subjected to immunoblotting using indicated
antibodies.

nuclear translocation upon polyl:C transfection. Furthermore,
ectopic expression of TRIM25 or TRIM25 RING®® mutant which
lose its E3-ligase activity did not affect the MAVS-induced IRF3
phosphorylation (Fig. 3B). Also, TBK1-induced activation of
ISRE was not affected by ectopic expression of TRIM25 (Fig.
3C). Since we have shown that MDA5-MAVS induced NF-xB
activation was enhanced by the ectopic expression of TRIM25
(Figs. 1D and 2D) and TRIM25 is required for efficient MDAS5-
MAVS-mediated NF-xB activation (Fig. 2B), it is likely that
TRIM25 is involved in the activation of NF-xB via the MDAS5-
MAVS signaling pathway. Furthermore, a physical interaction

762 Mol. Cells

between TRIM25 and IKK complex component proteins (IKKa,
IKKB, and IKKy) was detected by coimmunoprecipitation assay
in an overexpression system (Fig. 3D). Interestingly, phospho-
rylation of NF-xB (p65) induced by ectopic expression of IKKa
or IKKB was not decreased by depletion of TRIM25, suggesting
that TRIM25 working at the level between MAVS and IKK com-
plex to regulate NF-xB signaling (Fig. 3E).

Previously, it has been shown that TRAF6 is crucial for RIG-I-
mediated NF-xB activation (Yoboua et al., 2010; Yoshida et al.,
2008). To further delineate the role of TRIM25 in MAVS-
mediated NF-xB activation, we analyzed the role of TRIM25 in

http://molcells.org
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Fig. 4. TRIM25 is involved in TRAF6-
mediated NF-xB signaling. (A) En-
hanced TRAF6-induced NF-kB activa-
tion by ectopic expression of TRIM25.
HEK293T cells were transfected with
plasmids as indicated. Cells were co-
transfected with NF-xB luciferase re-
porter and TK-Renilla reporter plas-
mids. Promoter activities were deter-
mined by Dual-Luciferase assay 16 h
after transfection. (B) Suppression of
TRAF6-induced NF-xB activation by
depletion of TRIM25. HEK293T cells
were transfected with control shRNA
(Ctrl) or shRNAs targeting TRIM25 as
indicated together with reporter plas-
mids. Promoter activities were deter-
mined using procedures similar to
those in (A). Knock-down efficiency
was confirmed by measuring TRIM25
mRNA using RT-gPCR. (C) Role of
TRIM25 in TRAF6 ubiquitination.
HEK293T cells were transfected with
flag-TRAF6 together with control
shRNA (Ctrl) or shRNAs targeting
TRIM25. Cell lysates were subjected to
immunoprecipitation using an anti-flag
antibody and analyzed by immunoblot-
ting using the indicated antibodies to

TRAF6
Ctrl  TRIMZ5

54 63

level of TRAF6 ubiquitination. Suppression of TRIM25 mRNA synthesis was confirmed by RT-gPCR&D)XE3digase activity &f TRIMRS5 I res
quired for TRAF6-induced NF-xB activation. HEK293T cells were transfected with wild-type (WT) and E3-ligase activity dead C50S/C53S
mutant (CS) TRIM25 together with vector or TRAF6 plasmid. NF-xB luciferase reporter and TK-Renilla reporter plasmids were co-transfected.
Promoter activities were determined by Dual-Luciferase assay 16 h after transfection.

TRAF6-mediated NF-xB activation. As depicted in Figs. 4A and
4B, ectopic expression of TRIM25 enhanced TRAF6-mediated
NF-xB activation, whereas depletion of TRIM25 resulted in
suppression of TRAF6-mediated NF-kB activation. Furthermore,
ubiquitination of TRAF6, which is critical for its activity, was
reduced by depletion of TRIM25, further supporting the role of
TRIM25 in TRAF6-mediated downstream NF-kB activation (Fig.
4C). To examine whether the E3-ubiqutin ligase enzyme activity
of TRIM25 is required for its role in TRAF6-mediated NF-xB
signaling, we compared the activites of wild-type and
TRIM25CS (C50S/C53S), a mutant TRIM25 that does not carry
E3-ubiquitin ligase activity. TRIM25CS was unable to enhance
TRAF6-mediated NF-xB activation, suggesting that E3-
ubiquitin ligase activity is required for its downstream NF-xB
activating function (Fig. 4D).

DISCUSSION

TRIM25 has been demonstrated to play a critical role in RIG-I-
mediated antiviral signaling (Gack et al., 2007; Zeng et al., 2010).
Previously, it was shown that TRIM25-mediated K63 linked
polyubiquitination of RIG-I Lys172 is critical for its activation,
linked polyubiquitination of RIG-I Lys172 is critical for its activa-
tion, although another study showed that non-covalently bound
K63-linked polyubiquitin chain was sufficient to activate RIG-I
signaling (Gack et al., 2007; Zeng et al., 2010). Whichever the
case, the critical role of TRIM25 and K63-linked polyubiquitina-
tion has been proven by these studies. Ubiquitination of RIG-I
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results in oligomerization and interaction with MAVS through
CARD-CARD homotypic interaction (Jiang et al., 2012). How-
ever, it is not clear if TRIM25 and/or K63-linked polyubiquitina
tion is involved in MDAS activation and downstream signaling
pathway. So far, there is no evidence of direct conjugation of
ubiquitin chain on the CARD domains of MDAS, and Lysine172,
which is critical for RIG-I ubiquitination, is not conserved in
MDAS5 (Gack et al., 2007). Although an interaction between
MDA5 and K63-linked ubiquitin has been reported, another
group showed that MDA5 can be directly activated by forming a
filamentous structure around ds-RNA in a ubiquitin-independent
manner (Jiang et al., 2012; Wu et al., 2013).

In this study, we examined the role of TRIM25 in the MDA5
signaling pathway. Studies using ectopic expression and
TRIM25 depleted cells clearly showed that TRIM25 is involved
in not only RIG-I but also MDAS5 signaling pathway. In addition,
influenza A NS1 protein, which has been shown to inhibit RIG-I
signaling by disrupting TRIM25 oligomerization, also sup-
pressed MDAS5 signaling. Since both RIG-1 and MDA5 shares
the MAVS-mediated signaling to activate IRF3 and NF-kB, it is
conceivable that TRIM25 may have additional role at the down-
stream of MAVS in addition to RIG-I ubiquitination. Indeed,
MAVS-induced interferon signaling was augmented by TRIM25
overexpression and suppressed by the depletion of TRIM25,
indicating that TRIM25 may function at the level of or down-
stream of MAVS. MAVS has been shown to turn on TBK1-IRF3
signaling axis and TRAF6-IKK signaling pathways to activate
IRF3 and NF-xB, respectively. In experiments to examine which

Mol. Cells 763
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signaling axis is affected, TRIM25 did not significantly affect the
activation of TBK1-IRF3 signaling axis as determined by IRF3
phosphorylation, IRF3 nuclear translocation and TBK1-
mediated activation of interferon promoter activity. Given that
MDAS5-induced NF-xB activation was affected by TRIM25, it is
likely that TRIM25 is not involved in direct activation of MDAS,
but rather regulates NF-xB activation via the MDA5-MAVS
signaling axis. Upon activation, MAVS recruits TRAF6 to induce
TAK1-mediated IKK complex activation (Yoshida et al., 2008).
We showed NF-«B activation by ectopic expression of MAVS or
TRAF6 was enhanced by TRIM25 overexpression and sup-
pressed by TRIM25 depletion, indicating that TRIM25 act at the
level of TRAF6 or downstream of TRAF6. We also showed the
suppression of TRAF6 ubiquitination in the TRIM25-depleted
cells. Given that TRAF6 K63-ubiquitination is a key event in NF-
kB activation, suppression of TRAF6 ubiquitination by depletion
of TRIM25 suggests a possibility that TRIM25 may regulate NF-
xB signaling through modulating the ubiquitination of TRAF6.
Despite several attempts, we could not detect a physical inte-
raction between TRIM25 and TRAF6. However, we could show
an interaction between overexpressed TRIM25 and IKK com-
plex proteins, further supporting the possible role of TRIM25 in
regulating NF-xB activation by MDA5-MAVS signaling. Deple-
tion of TRIM25 has failed to suppress the NF-xB (p65) phos-
phorylation by ectopic expression of IKKa or IKKB. We also
observed that activation of NF-xB transcriptional activity by
ectopic expession of IKK complex could not be suppressed by
depletion of TRIM25 using luciferase assays (Data not shown).
These results support that TRIM25 modulates MDA5-MAVS
mediated NF-xB signaling at the level of TRAF6. Although E3-
ligase activity of TRIM25 seems to be involved in this additional
function, uncovering the underlying molecular mechanism by
which TRIM25 modulates MDA5-mediated NF-xB activation
requires further investigation.

In conclusion, we showed that TRIM25 acts as a key mod-
ulator in antiviral signaling by positively regulating not only RIG-
I-mediated signaling, but also MDA5-mediated signaling. Me-
chanistic studies suggest that TRIM25 is involved in the activa-
tion of NF-xB and interaction with the IKK complex.

Note: Supplementary information is available on the Mole-
cules and Cells website (www.molcells.org).
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