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E3 ubiquitin ligase RNF170 inhibits innate immune responses
by targeting and degrading TLR3 in murine cells
Xiaoqi Song1, Shuo Liu1, Wendie Wang1, Zhongfei Ma1, Xuetao Cao1,2,3 and Minghong Jiang1

Upon recognition of dsRNA, toll-like receptor 3 (TLR3) recruits the adaptor protein TRIF to activate IRF3 and NF-κB signaling,
initiating innate immune responses. The ubiquitination of TLR3 downstream signaling molecules and their roles in the innate
response have been discovered; however, whether TLR3 itself is ubiquitinated and then functionally involved remains to be
elucidated. By immunoprecipitating TLR3-binding proteins in macrophages, we identified ring finger protein 170 (RNF170) as a
TLR3-binding E3 ligase. RNF170 mediated the K48-linked polyubiquitination of K766 in the TIR domain of TLR3 and promoted the
degradation of TLR3 through the proteasome pathway. The genetic ablation of RNF170 selectively augmented TLR3-triggered
innate immune responses both in vitro and in vivo. Our results reveal a novel role for RNF170 in selectively inhibiting TLR3-triggered
innate immune responses by promoting TLR3 degradation.
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INTRODUCTION
As a toll-like receptor (TLR), TLR3 recognizes double-stranded RNA
(dsRNA) and plays a critical role in innate immune responses.1

TLR3 consists of a leucine-rich repeat (LRR) domain, a transmem-
brane domain, and a toll/interleukin-1 receptor (TIR) domain.2

Inactive TLR3 is located in the endoplasmic reticulum (ER) and
maintains a closed conformation that keeps its TIR domain
inaccessible to cytoplasmic proteins. Upon the recognition of
dsRNA, TLR3 undergoes a translocation from the ER to the
endolysosome.3 Then, dsRNA binds to the LRR domain in the
endolysosome, causing conformational changes in TLR3 and
dimerization.4,5 Then, the TIR domain in the cytoplasm recruits the
adaptor protein TRIF, initiating downstream IRF3 and NF-κB
signaling, and consequently leads to the transcription of type I
interferons (IFNs) and inflammatory cytokines.1,6 It has been found
that TLR3 has a protective role in controlling virus infection7–9 and
that TLR3 deficiency is related to severe infectious diseases, such
as herpesvirus encephalitis.10 However, the overexpression of
TLR3 can also cause some autoimmune disorders due to TLR3-
mediated inflammatory responses;11,12 thus, the precise regulation
of TLR3 expression and function is pivotal to maintaining immune
homeostasis and preventing related diseases. However, the
detailed mechanism regulating TLR3 expression and function is
not well understood.
Ubiquitination is an important way to alter protein expression

or function at the post-translational level and has been found to
participate in the regulation of innate immune responses at many
stages.13,14 The attachment of ubiquitin to specific protein
substrates is achieved through the action of E3 ligases. In addition,
ubiquitin attached to substrates can also form different

polylinkages and affect the expression or function of the
substrates via different mechanisms. K48-linked polyubiquitina-
tion mediates the degradation of substrates through the
proteasome pathway, while K63-linked polyubiquitination pro-
motes the activation of substrates.15,16 Many E3 ligases have been
reported to be involved in the regulation of signaling molecules
downstream of TLR3,17–19 but the potential regulatory effects of
ubiquitination on TLR3 expression or function and the related
TLR3-bound E3 ligases remain largely unknown.
In the present study, by immunoprecipitating TLR3-interacting

proteins in macrophages, we identified ring finger protein 170
(RNF170) as a TLR3-binding E3 ligase. RNF170 was previously
identified as an ER membrane-located E3 ligase that mediates the
ubiquitination and degradation of inositol 1,4,5-trisphosphate
receptors.20 However, the substrates and function of RNF170 in
innate immune responses have not yet been identified. Here, we
demonstrated that RNF170 promoted the K48-linked polyubiqui-
tination of K766 in TLR3, which led to TLR3 degradation through
the proteasome pathway. Consequently, RNF170 inhibited
TLR3 signaling and suppressed TLR3-triggered innate immune
responses.

MATERIALS AND METHODS
Mice and cells
Rnf170−/− mice on the C57BL/6J background were generated
using CRISPR/Cas9 technology. A mixture of plasmids encoding
mCas9 and sgRNAs containing RNF170 A and RNF170 B were
injected into fertilized eggs, which were then implanted into
pseudopregnant mice. The oligonucleotides for the sgRNAs
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were as follows: A, GGGTGGATGACATGGCTCTGTGG, and B,
GGCTGGCCTGGCACTTGTTGGGG. All mice were housed under
specific pathogen-free conditions. All mice experiments were
performed under the supervision of the Institutional Animal Care
and Use Committee (IACUC), Institute of Basic Medical Sciences,
Chinese Academy of Medical Sciences, Beijing.
Rnf170−/− RAW264.7 cells were generated using the CRISPR/

Cas9 system, and PCR followed by sequencing and immunoblots
were used to determine the knockout efficiency. Human
embryonic kidney (HEK) 293T cells, RAW264.7 cells and L929 cells
were obtained from American Type Culture Collection (Manassas,
VA). RNF170-overexpressing cells were generated by transfecting
the V5-RNF170 plasmid into RAW264.7 cells and then applying
puromycin (Sigma, 2 µg/ml) selection. Bone marrow cells were
maintained in granulocyte macrophage-colony stimulating factor
(GM-CSF; 10 ng/ml) and interleukin-4 (IL-4; 2 ng/ml) for 7 days to
generate bone marrow-derived dendritic cells (BMDCs). Cells were
maintained in DMEM (Corning) supplemented with 10% (vol/vol)
fetal bovine serum (Invitrogen-Gibco).

Plasmids and reagents
Myc-tagged TLR3 and V5 or Flag-tagged RNF170 full-length
sequences were obtained from mouse peritoneal macrophage
cDNA and then cloned into the pcDNA3.1 vector. HA-tagged TLR3
was purchased from InvivoGen. Truncation and mutation plasmids
were generated based on the full-length plasmids. The antibodies
specific for RNF170 were obtained from ABclonal, and the antibody
against TLR3 was purchased from NOVUS. Anti-p-P65 (Ser536)
(3031), anti-p-IRF3 (Ser396) (4D4G), anti-p-JNK (Thr183/Tyr185)
(4668), anti-HA-tag (6E2), anti-Myc-tag (71D10; HRP conjugated),
anti-Flag-tag (2368), anti-V5-tag (ab9116), anti-GAPDH and anti-β-
actin (6D1) antibodies were used as previously described.21

LPS (1 μg/ml), poly(I:C) (40 μg/ml) and cycloheximide were
purchased from Sigma. Poly(I:C) HMW (2 μg/ml) and CpG ODN (2
μg/ml) were purchased from InvivoGen. MG132 was obtained
from Calbiochem (133407-82-6), and chloroquine and bafilomycin
A1 were obtained from Selleck. VSV, SeV and HSV were used as
described.21

IP-mass spectrometry analysis
Mouse peritoneal macrophages were stimulated with poly(I:C)
for 3 h. Then, the same amounts of anti-TLR3 antibody and IgG
were used for immunoprecipitation. Immunoprecipitated pro-
teins were subjected to electrophoresis by sodium dodecyl
sulfate polyacrylamide gel electrophoresis and silver staining.
Proteins that were only enriched in the TLR3 sample, not in
the IgG control sample, were further analyzed for species
identification by mass spectrometry.

Quantitative reverse transcription PCR (qRT-PCR)
RNA was extracted from cells or organs using Trizol reagent
(Ambion). ReverTra Ace qPCR RT master mix (Toyobo) was used to
synthesize cDNA. Samples were assayed by quantitative real-time
PCR using a Light Cycler (Roche) and SYBR RT-PCR kit (Takara).
Data were normalized to Actb or Gapdh expression. The sequences
for the primers are shown below: 5′-GTGAGATACAACGTAGCT
GACTG-3′ and 5′-TCCTGCATCCAAGATAGCAAGT-3′ for Tlr3; 5′-
CGATCAAGACGGCCATGAGTC-3′ and 5′-CTCGTCGGTGTCATCTTCT
GC-3′ for Trif; 5′-CTGCCTCACAGCTAGTGACC-3′ and 5′-CCGGCGCT
GGAGATTATTG-3′ for Mavs; 5′-GGCTTGACACTCCTGGTACAAAT
GAG-3′ and 5′CAGCACATTGGCAGAGGAAGACAG-3′ for Ifna4; 5′-
ATGAGTGGTGGTTGCAGGC-3′ and 5′-TGACCTTTCAAATGCAGTAG
ATTCA-3′ for Ifnb1; 5′-ACAACCACGGCCTTCCCTAC-3′ and 5′-CATT
TCCACGATTTCCCAGA-3′ for Il6; 5′-CCCTCACACTCAGATCATCTTC
T-3′ and 5′- GCTACGACGTGGGCTACAG-3′ for Tnf; 5′-TGTTACC
AACTGGGACGACA-3′ and 5′-CTGGGTCATCTTTTCACGGT-3′ for
Actb; and 5′- AGGTCGGTGTGAACGGATTTG-3′ and 5′-TGTAGACC
ATGTAGTTGAGGTCA-3′ for Gapdh.

EMCV titer quantification
Heart and liver samples from infected Rnf170+/+ and Rnf170−/−

mice were homogenized in 500 μl DMEM, and then the super-
natants were titered with tenfold serial dilutions on BHK cells by
the 50% Tissue Culture Infective Dose (TCID50) Assay.

Dual-luciferase reporter assay
Cells were seeded in 48-well plates and then cotransfected with
luciferase reporter plasmids, TLR3 and RNF170 plasmids, or empty
plasmids, as well as Renilla as a control. After transfection, the cells
were stimulated with poly(I:C) for different times, and then whole-
cell lysates were collected for measuring luciferase activity with
the Dual-luciferase Reporter Assay System (Promega) according to
the manufacturer’s instructions and for measuring protein
expression with immunoblot assays.

Immunoprecipitation and immunoblot assays
Immunoprecipitation and immunoblot assays were performed as
described previously.21 For ubiquitination analysis, cell lysates
were treated with 1% SDS and incubated at 95 °C for 5 min to
disturb protein–protein interactions. Samples were then diluted
tenfold with a lysis buffer before immunoprecipitation and
immunoblotting using relevant antibodies.

Immunofluorescence assay
Cells were seeded on glass coverslips and stimulated with poly(I:C)
for the indicated times. Then, the cells were washed three times in
chilled PBS, fixed with 4% (v/v) paraformaldehyde for 15 min,
permeabilized with 0.2% Triton X-100 for 10 min and blocked with
1% BSA for 1 h. The cells were incubated overnight at 4 °C with the
indicated antibodies, washed and incubated with a fluorescent
dye-conjugated secondary antibody. Nuclei were stained with
DAPI for 5 min, and confocal images were captured using an
Olympus laser scanning confocal microscope.

Flow cytometry
Splenocytes obtained from 6- to 8-week-old Rnf170+/+ and
Rnf170−/− mice were labeled with fluorescently labeled antibodies
as described previously.21 Then, the cells were washed with PBS
and analyzed by an LSRFortessa flow cytometer (BD Biosciences).

Enzyme-linked immunosorbent assay (ELISA)
Cells were seeded in plates and stimulated as indicated. The
culture medium was evaluated to measure the protein levels of
IFN-α and IFN-β (PBL Interferon Source), as well as IL-6 and TNF-α
(R&D Systems) according to the manufacturer’s instructions.

GST pull-down assay
GST and GST-RNF170 were expressed in BL21DE Escherichia coli
and purified by GST agarose beads. The relevant assay was
described previously.21

Statistical analysis
For comparisons between two groups, Student’s two-tailed paired
t-test was used. Mouse survival data were plotted as Kaplan–Meier
curves and compared by the log-rank (Mantel-Cox) test. P < 0.05
was considered significant.

RESULTS
RNF170 directly interacts with TLR3
To explore whether ubiquitination participates in the regulation
of TLR3 expression or function, we first identified TLR3-interacting
E3 ligases in mouse peritoneal macrophages upon dsRNA analog
poly(I:C) stimulation by mass spectrometry analysis. Among the
proteins identified, we found the E3 ubiquitin ligase RNF170
(Supplementary Table S1). To detect the interaction between TLR3
and RNF170, we performed immunoprecipitation analysis and
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demonstrated that RNF170 interacted with TLR3 in HEK293T cells
cotransfected with TLR3 and RNF170 (Fig. 1a, b). In addition, by
using an RNF170-specific antibody (Supplementary Fig. S1a), we
also found that endogenous RNF170 interacted with TLR3 in
RAW264.7 cells with or without poly(I:C) stimulation (Fig. 1c). Of
note, we observed endogenous RNF170 had a different size than
that noted in previous reports20,22 (Fig. 1c), probably due to
different post-translational modifications or splicing forms in
different cells. A GST pull-down assay demonstrated that RNF170
directly interacted with TLR3 (Fig. 1d). To further confirm this
interaction, we performed immunofluorescence staining analysis
and found that RNF170 colocalized with TLR3 with or without poly
(I:C) stimulation (Fig. 1e). Moreover, both RNF170 and TLR3
colocalized with the ER marker KDEL in resting cells and
colocalized with the early endosome marker EEA1 after poly(I:C)
stimulation (Supplementary Fig. S1b), indicating that both
proteins were transferred from the ER to the early endosome
after poly(I:C) stimulation. Taken together, these data demon-
strated that RNF170 directly bound to TLR3 in resting and
activated innate immune cells, suggesting that RNF170 might
contribute to the regulation of TLR3-triggered innate immune
responses.

RNF170 selectively inhibits TLR3-induced signaling in vitro
To elucidate the regulatory role of RNF170 in TLR3-triggered
innate immune responses, we first generated Rnf170-deficient
(Rnf170−/−) RAW264.7 cells and mice via the deletion of exon 4 in

RNF170 using the CRISPR/Cas9 system (Supplementary Fig. S2a)
and then showed that the expression of RNF170 was efficiently
abrogated in the treated RAW264.7 cells and different cells
from the Rnf170−/− mice (Supplementary Fig. S2b). Moreover,
compared with wild-type (Rnf170+/+) mice, the Rnf170−/− mice
were viable, fertile, and normal in size, and the numbers of
natural killer cells, dendritic cells (DCs), neutrophils, and F4/
80+CD11b+ macrophages in the spleen were also similar between
these two mouse strains (Supplementary Fig. S2c). However,
we found that both the protein and mRNA levels of IFN-β and IL-6
in peritoneal macrophages from Rnf170−/− mice were increased
compared to those in cells from Rnf170+/+ mice in response to
poly(I:C) stimulation but not LPS or CpG stimulation or DNA (HSV)
or RNA (VSV and SeV) virus infection (Fig. 2a and Supplementary
Fig. S3a). Considering that TLR3 is also highly expressed in
dendritic cells, we further investigated the effect of RNF170
on innate immune signaling in bone marrow-derived DCs (BMDCs)
from Rnf170+/+ and Rnf170−/− mice. We found that the expression
of type I IFNs (IFN-α and IFN-β) and proinflammatory cytokines
(IL-6 and TNF-α) was increased in the Rnf170−/− BMDCs compared
to the Rnf170+/+ cells upon poly(I:C) stimulation (Fig. 2b and
Supplementary Fig. S3b). The phosphorylation levels of IRF3,
P65, and JNK in the Rnf170−/− BMDCs were also significantly
increased compared to those in the Rnf170+/+ cells upon poly(I:C)
stimulation (Fig. 2c). In addition, the overexpression of RNF170
decreased these signaling pathways in RAW264.7 cells upon poly
(I:C) stimulation (Fig. 2d) and inhibited the promoter activity

Fig. 1 RNF170 directly interacts with TLR3. a, b HEK293T cells were transfected with Myc-TLR3, Flag-RNF170, or V5-RNF170 for 24 h, stimulated
with poly(I:C) for 3 h and treated with MG132 (3 μM) for 7 h. Cell lysates were immunoprecipitated using an anti-Flag or anti-Myc antibody,
followed by immunoblot analysis using the indicated antibodies. c RAW264.7 cells were stimulated with poly(I:C) for the indicated times. Cell
lysates were immunoprecipitated using an anti-RNF170 or control IgG antibody, followed by immunoblot analysis using the indicated
antibodies. d HEK293T cells were transfected with an HA-tagged TLR3 plasmid. After 24 h, cell lysates were incubated with purified GST or
GST-RNF170 proteins and subjected to GST pull-down assays. The immunoprecipitated proteins were analyzed by immunoblot analysis with
the indicated antibodies. e Peritoneal macrophages were stimulated with or without poly(I:C) for 1.5 h, and then the cells were
immunostained with the indicated antibodies and analyzed by fluorescence microscopy. Scale bar, 5 μm. The statistical analysis of the
signal correlation between RNF170 and TLR3 was shown in the lower part of the panel. Data are representative of three independent
experiments (a–e)
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driven by IRF3, NF-κB, or STAT1 in L929 cells upon poly(I:C)
stimulation (Fig. 2e).
Given that poly(I:C) activated not only TLR3 but also the

cytosolic receptors RIG-I and MDA5, we further investigated

whether the RIG-I and MDA5 signaling pathways are regulated
by RNF170. We used poly(I:C) LMW stimulation (activation of
TLR3), poly(I:C) HMW transfection (activation of MDA5), and
VSV infection (activation of RIG-I) to detect the effect of

Fig. 2 RNF170 inhibits TLR3-triggered innate immune responses in vitro. a Peritoneal macrophages from Rnf170+/+ and Rnf170−/− mice were
stimulated with poly(I:C), LPS or CpG for 6 h or infected with HSV, SeV, or VSV for 12 h. The concentrations of IFN-β and IL-6 in the supernatants
were measured by ELISA. b BMDCs from Rnf170+/+ and Rnf170−/− mice were stimulated with poly(I:C), LPS, or CpG for 6 h. The concentrations
of IFN-α, IFN-β, IL-6, and TNF-α in the supernatants were measured by ELISA. c BMDCs from Rnf170+/+ and Rnf170−/− mice were stimulated
with poly(I:C) for the indicated times, and cell lysates were subjected to immunoblot analysis with the indicated antibodies. d RAW264.7 cells
stably expressing V5-RNF170 were stimulated with poly(I:C) for the indicated times. Cell lysates were subjected to immunoblot analysis with
the indicated antibodies. e L929 cells were cotransfected with luciferase reporter plasmids and an increasing amount of a RNF170 expression
plasmid or control plasmid and then were treated with poly(I:C) for 9 h. Data are representative of three independent experiments (a–e). Data
are shown as the mean ± SEM in a, b, and e (n= 3). *P < 0.05, **P < 0.01, and ***P < 0.001; paired Student’s t-test
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RNF170 on peritoneal macrophages from Rnf170+/+ and Rnf170−/−

mice. We found that compared to those in the Rnf170+/+ cells, the
phosphorylation levels of IRF3 and P65 in the Rnf170−/−

macrophages were significantly increased upon poly(I:C) LMW
stimulation but not in response to poly(I:C) HMW transfection
or VSV infection (Supplementary Fig. S4a–c). Furthermore, we
silenced Mavs or Trif expression in peritoneal macrophages
from Rnf170+/+ and Rnf170−/− mice and found that silencing
the expression of Trif but not that of Mavs blocked the increased
expression of IFN-β and IL-6 observed in the Rnf170−/− macro-
phages upon poly(I:C) stimulation (Supplementary Fig. S4d–f),
suggesting that RNF170 was involved in the regulation of TLR3-
TRIF signaling but not the regulation of RIG-I-MAVS signaling.
Taken together, these data demonstrated that RNF170 selectively
inhibited TLR3-triggered innate immune responses in vitro.

RNF170 inhibits TLR3-triggered innate immune responses in vivo
To demonstrate the function of RNF170 in vivo, we infected
Rnf170+/+ and Rnf170−/− mice with EMCV, which generates

dsRNA in the cytoplasm as part of its life cycle. We found that the
expression of type I IFNs (Ifna4 and Ifnb1) and proinflammatory
cytokines (Il6 and Tnf) in peritoneal macrophages from the
Rnf170−/− mice was increased compared with that in peritoneal
macrophages from the Rnf170+/+ mice (Supplementary Fig. S5a).
The mRNA levels of type I IFNs and proinflammatory cytokines in
the heart and brain of the Rnf170−/− mice were significantly
higher than those in the Rnf170+/+ mice (Fig. 3a). Consistently,
EMCV titers and viral RNA replicates were decreased in the heart
and brain from the Rnf170−/− mice compared to those from the
Rnf170+/+ mice (Fig. 3b and Supplementary Fig. S5b), indicating
more efficient clearance of the virus in the Rnf170−/− mice. In
addition, we also found that the heart tissue of the Rnf170−/− mice
had attenuated inflammatory cell infiltration and tissue damage
compared with that of the Rnf170+/+ mice upon EMCV infection
(Fig. 3c). As a result, the Rnf170−/− mice showed improved survival
compared with the Rnf170+/+ mice upon EMCV infection (Fig. 3d).
To further detect the function of RNF170 in TLR3 signaling in vivo,
we injected Rnf170+/+ and Rnf170−/− mice with poly(I:C) and

Fig. 3 RNF170 inhibits TLR3-triggered innate immune responses in vivo. a Sex- and age-matched Rnf170+/+ and Rnf170−/− mice (n= 4 per
genotype) were injected intraperitoneally (i.p.) with EMCV (1 × 105pfu per mouse) and sacrificed after 48 h. Ifna4, Ifnb1, Il6, and Tnf mRNA
expression in the heart and brain was measured by qRT-PCR analysis. b EMCV titers in the heart and brain of the mice described in a were
determined by a TCID50 assay. c Hematoxylin and eosin staining of heart sections from the mice described in a was shown. Scale bar, 50 μm.
d Sex- and age-matched Rnf170+/+ (n= 11) and Rnf170−/− mice (n= 9) were injected intraperitoneally (i.p.) with EMCV (1 × 105pfu per mouse).
The survival rate of the injected mice was monitored every 24 h. Data are representative of three independent experiments (a–d). Data
are shown as the mean ± SEM in a and b. *P < 0.05 and **P < 0.01; paired Student’s t-test
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D-galactosamine. We found that the levels of IFN-β, IL-6, and TNF-α
in the serum of the Rnf170−/− mice were significantly higher
than those in the serum of the Rnf170+/+ mice (Supplementary
Fig. S5c). The Rnf170−/− mice were much more susceptible to
inflammation-induced death than the Rnf170+/+ mice after poly(I:C)
injection (Supplementary Fig. S5d). Altogether, these results
suggested that RNF170 inhibited TLR3-triggered innate immune
responses in vivo.

RNF170 functions through E3 ligase activity
We next investigated how RNF170 negatively regulates TLR3-
induced innate immune responses. We first detected which
domains of RNF170 and TLR3 associated with each other. We
constructed different RNF170 and TLR3 truncations (Fig. 4a, b) and
found that both the RING and TM domains of RNF170 bound to
the TIR domain of TLR3 (Fig. 4c, d). We then detected whether
RNF170 can promote TLR3 ubiquitination to regulate
TLR3 signaling. Immunoprecipitation analysis showed that the
overexpression of full-length RNF170 but not the overexpression
of a single RING or TM domain significantly increased the
ubiquitination level of TLR3 (Fig. 5a, b). We further found that
the TIR domain but not the LRR domain of TLR3 was ubiquitinated
by RNF170 (Fig. 5c). As a double-amino acid point mutation
(C101S and H103A) in the RING domain of RNF170 has been
reported to abolish the E3 ligase activity of RNF17020, we
then generated an RNF170 C101SH103A mutant to detect
whether the RNF170-mediated ubiquitination of TLR3 depended
on the E3 ligase activity of RNF170. We found that this mutant
interacted with TLR3 (Supplementary Fig. S6a) but could not
promote the ubiquitination of TLR3 (Supplementary Fig. S6b).
In addition, we found that only full-length RNF170 inhibited the
promoter activity driven by IRF3, NF-κB or STAT1 in L929 cells
and suppressed the mRNA expression of Ifna4, Ifnb1, Il6, and Tnf

in RNF170-deficient cells (Fig. 5d, e), suggesting that RNF170
promoted the ubiquitination of TLR3 and inhibited TLR3-triggered
innate immune responses via its E3 ligase activity.

RNF170 promotes the K48-linked polyubiquitination and
degradation of TLR3
We further investigated the mechanism by which the RNF170-
mediated ubiquitination of TLR3 inhibits TLR3-triggered innate
immune responses. As silencing the expression of Trif blocked
the regulatory function of RNF170 (Supplementary Fig. S4d–f),
we hypothesized that RNF170 functions upstream of TRIF.
However, we found that RNF170 did not interact with TRIF
(Supplementary Fig. S7a), indicating that RNF170 mainly func-
tioned through TLR3. Then, we detected whether RNF170
regulates TLR3 expression. The mRNA level of TLR3 was not
affected by RNF170 deficiency (Supplementary Fig. S7b); however,
the protein level of TLR3 in Rnf170−/− cells was dramatically
increased compared to that in Rnf170+/+ cells (Fig. 6a). Consis-
tently, the overexpression of RNF170 in RAW264.7 cells decreased
the protein level of TLR3 (Fig. 6b), indicating that RNF170 might
promote the degradation of TLR3. Indeed, we found that RNF170
decreased the protein level of TLR3 in a dose-dependent manner
(Fig. 6c), and this effect was diminished in the presence of the
proteasome inhibitor MG132 but not in the presence of the
lysosome inhibitor chloroquine or bafilomycin A1 (Fig. 6d and
Supplementary Fig. S7c). In addition, RNF170 deficiency signifi-
cantly decreased the protein degradation rate of TLR3, while the
overexpression of RNF170 significantly increased the TLR3
degradation rate in L929 cells in the presence of cycloheximide
(Fig. 6e, f). Moreover, the overexpression of RNF170 did not affect
the proteolysis of TLR3 (Supplementary Fig. S7d), suggesting that
RNF170 promoted the degradation of TLR3 through the protea-
some pathway. Since K48-linked polyubiquitination promotes

Fig. 4 RING and TM domains of RNF170 interact with the TIR domain of TLR3. a, b A schematic presentation of full-length, truncation, and
mutant forms of RNF170 (a) and TLR3 (b) was shown. c, d HEK293T cells were transfected with the indicated plasmids for 24 h, stimulated with
poly(I:C) for 3 h and then treated with MG132 (3 μM) for 7 h. Cell lysates were immunoprecipitated using different antibodies. The precipitates
were analyzed by immunoblot analysis using the indicated antibodies. Data are representative of three independent experiments (c, d)
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substrate degradation via the proteasome pathway, we then
detected whether RNF170 promotes the K48-linked polyubiquiti-
nation of TLR3. We found that RNF170 substantially increased the
K48-linked polyubiquitination of TLR3 and that when K48 of
ubiquitin was replaced with arginine (K48R), RNF170 no longer
increased the polyubiquitination level of TLR3 (Fig. 6g). Taken
together, these data demonstrated that RNF170 promoted the
K48-linked polyubiquitination and degradation of TLR3 through
the proteasome pathway.

RNF170 promotes the K48-linked polyubiquitination of TLR3 at
K766
As RNF170 promoted the ubiquitination of the TLR3 TIR domain,
we next mutated 11 lysine residues in the TLR3 TIR domain to
arginine (K746R, K766R, K786R, K809R, K813R, K824R, K832R,
K860R, K873R, K884R, and K893R) to identify the ubiquitination
site in TLR3 modified by RNF170. Immunoprecipitation analysis
showed that only the mutation of K766 (K766R) completely
blocked the RNF170-mediated ubiquitination of TLR3 (Supple-
mentary Fig. S8a–d). Moreover, RNF170 could not promote the
K48- or K48R-linked polyubiquitination on TLR3 K766R (Fig. 7a, b),
indicating that the RNF170-mediated ubiquitination of TLR3 was
mainly dependent on the K766 residue in TLR3. Consistently,
RNF170 could not promote the degradation of TLR3 K766R and

could not inhibit the promoter activity driven by IRF3 or NF-κB in
TLR3 K766R-overexpressing L929 cells upon poly(I:C) stimulation
(Fig. 7c, d and Supplementary Fig. S8e), suggesting that RNF170
inhibited TLR3-induced innate immune responses by promoting
the K48-linked polyubiquitination of TLR3 at K766.

DISCUSSION
The ubiquitination-mediated degradation of TLRs is an important
mechanism of the host that negatively regulates TLR-triggered
innate immune responses.23–25 In addition to degradation through
the proteasome pathway, TLRs are also degraded in the
lysosome.26 However, the degradation mechanism of TLR3 is
largely unknown. TLR3 is considered to be an important pattern
recognition receptor (PRR) in antiviral innate immune responses
that recognizes dsRNAs that are mainly generated during the life
cycles of different kinds of viruses.27 In addition to inducing type I
IFNs and inflammatory cytokines, TLR3 participates in antiviral
responses in many other ways, such as regulating the maturation
of DCs and promoting the cross-priming of cytotoxic T cells
(CTLs) by infected cells.28,29 Therefore, it is necessary to elucidate
the mechanisms regulating TLR3 to control TLR3-related
diseases, such as inflammatory bowel disease and pulmonary
inflammation.8,30 Here, we demonstrated that the E3 ligase

Fig. 5 RNF170 functions through E3 ligase activity. a–c HEK293T cells were transfected with the indicated plasmids, stimulated with poly(I:C)
for 3 h and then treated with MG132 (3 μM) for 7 h. Cell lysates were immunoprecipitated using different antibodies. The precipitates were
analyzed by immunoblot analysis using the indicated antibodies. d A dual-luciferase reporter assay was used to assess the promoter activity in
L929 cells cotransfected with reporter vectors and different RNF170 truncations and stimulated with poly(I:C) for 9 h. e The mRNA expression
of Ifna4, Ifnb1, Il6, and Tnf in Rnf170−/− RAW264.7 cells transfected with different RNF170 truncations and then stimulated with poly(I:C) for 3 h
was assessed. Data are representative of three independent experiments (a–e). Data are shown as the mean ± SEM in d and e (n= 3). *P < 0.05,
**P < 0.01, and ***P < 0.001; paired Student’s t-test

E3 ubiquitin ligase RNF170 inhibits innate immune responses by targeting. . .
X Song et al.

871

Cellular & Molecular Immunology (2020) 17:865 – 874



RNF170 promotes TLR3 degradation by directly associating with
TLR3 in both resting and poly(I:C)-stimulated cells, indicating that
RNF170 may be a new target to control TLR3 expression or
function under both physiological and pathological conditions.
Moreover, according to the available data in the Gene Expression
Omnibus database, RNF170 expression is increased dramatically in
monocytes during HIV infection (accession no. GSE5220),31 and it
is first increased and then decreased in fibroblasts during
cytomegalovirus infection (accession no. GSE3194),32 further
supporting the potential role of RNF170 in antiviral innate
immune responses. Thus, we demonstrated that the inhibitory
effects of RNF170 on TLR3 and the TLR3-induced signaling
pathway provide a potential target for controlling TLR3-related
inflammatory diseases. Thus, it will be of great value to investigate
the function of RNF170 in TLR3 deregulation-related diseases.
We also demonstrated that RNF170 promotes the K48-linked

polyubiquitination of K766 in the TLR3 TIR domain. The TIR
domain of TLR3 contributes to triggering downstream signaling
by interacting with the adaptor TRIF. Although we did not detect
an interaction between RNF170 and TRIF, there might be some
other mechanism by which RNF170 inhibits TLR3-induced innate
immune responses. Ubiquitination of the TIR domain might
change the structure of the TLR3 protein, leading to a failure in
translocation, dsRNA recognition or even TLR3 dimerization.

Certain experiments remain to be performed to clarify whether
RNF170 functions through these possible mechanisms. Further-
more, patients with genetic mutations that lead to a deficiency in
the TLR3-TRIF pathway have been found to develop recurrent
herpes simplex encephalitis.33 Since the K766 residue in TLR3 is
conserved between mice and humans, it will be worthwhile
to further examine whether this mutation is related to aberrant
RNF170-mediated TLR3 ubiquitination in different diseases.
Translocation from the ER to the endolysosome has been shown

to be essential for the signaling of nucleotide-sensing TLRs, such as
TLR3, TLR7, and TLR9.34 An ER-located transmembrane protein,
UNC93B1, has been reported to interact with the transmembrane
domains of these receptors in the ER and deliver the receptors
to the endolysosome.35,36 Here, we showed that RNF170, which
is another integral ER membrane protein,20 interacts with TLR3 in
both the ER membrane and the endolysosome. However, unlike
UNC93B1, RNF170 interacts with the TIR domain of TLR3 and
negatively regulates TLR3 signaling by promoting the degradation
of TLR3. Furthermore, RNF170 selectively targets TLR3, as RNF170
cannot regulate signaling triggered by other PRRs.
The RNF170-mediated inhibition of TLR3 signaling is dependent

on the E3 ligase activity of RNF170 within the RING domain.
Consistent with a previous report,20 the mutation of two residues
(C101 and H103) in the RING domain of RNF170 prevents the

Fig. 6 RNF170 promotes the K48-linked ubiquitination and proteasomal degradation of TLR3. a Rnf170+/+ and Rnf170−/− RAW264.7 cells were
stimulated with poly(I:C) for the indicated time. Cell lysates were immunoblotted with the indicated antibodies. b RAW264.7 cells stably
expressing V5-RNF170 were stimulated with poly(I:C) for the indicated time. Cell lysates were immunoblotted with the indicated antibodies.
c HEK293T cells were transfected with a Myc-TLR3 plasmid and increasing amounts of Flag-RNF170 for 24 h. Cell lysates were immunoblotted
with the indicated antibodies. d HEK293T cells were transfected with the indicated plasmids for 24 h and treated with MG132 (3 μM) for 7 h.
Cell lysates were immunoblotted with the indicated antibodies. e Rnf170+/+ and Rnf170−/− RAW264.7 cells were stimulated with poly(I:C) for
1.5 h and then treated with cycloheximide (CHX) for the indicated times, and then cell lysates were immunoblotted with the indicated
antibodies. The image intensity of TLR3 was quantified on the right. f L929 cells were transfected with the indicated plasmids for 36 h,
stimulated with poly(I:C) for 9 h and then treated with CHX for the indicated times. Cell lysates were immunoblotted with the indicated
antibodies. The image intensity of HA-TLR3 was quantified on the right. g HEK293T cells were transfected with the indicated plasmids for 24 h
and treated with MG132 (3 μM) for 7 h. Cell lysates were immunoprecipitated using anti-Myc antibodies. The precipitates were analyzed by
immunoblot analysis using the indicated antibodies. Data are representative of three independent experiments (a–g). Data are shown as
the mean ± SEM in e and f (n= 3). *P < 0.05 and **P < 0.01; paired Student’s t-test
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ubiquitination of TLR3 and thus promotes TLR3 signaling. How-
ever, although both the RING and TM domains of RNF170 could
associate with TLR3, a single RING domain of RNF170 could not
mediate TLR3 ubiquitination or inhibit TLR3 signaling, indicating
that the TM domain of RNF170 is also necessary for ubiquitination.
Clarifying how the TM domain assists in mediating ubiquitination
might contribute to understanding how RNF170 translocates from
the ER to the early endosome, which is an important process for
the RNF170-mediated degradation of TLR3 and the negative
regulation of TLR3 downstream signaling. In addition, RNF170 is
predicted to contain three transmembrane regions,20 and a
point mutation in the third transmembrane region of RNF170
has been found to be associated with autosomal-dominant
sensory ataxia (ADSA) characterized by an age-dependent
increase in walking abnormalities,22,37,38 supporting the important
role of the TM domain in RNF170 function. Thus, the function and
mechanism of the TM domain of RNF170 need to be further
investigated.
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