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A B S T R A C T

In mammals and fish, emerging evidence highlights that TRIM family members play important roles in the
interferon (IFN) antiviral immune response. Fish TRIM family has undergone an unprecedented expansion
leading to generation of finTRIM subfamily, which is exclusively specific to fish. Our recent results have shown
that FTRCA1 (finTRIM C. auratus 1) is likely a fish species-specific finTRIM member in crucian carp C. auratus
and acts as a negative modulator to downregulate fish IFN response by autophage-lysosomal degradation of
protein kinase TBK1. In the present study, we found that FTRCA1 also impedes the activation of crucian carp IFN
promoter by IRF7 but not by IRF3. Mechanistically, FTRCA1 attenuates IRF7 transcription levels likely due to
enhanced decay of IRF7 mRNA, leading to reduced IRF7 protein levels and subsequently reduced fish IFN ex-
pression. E3 ligase activity is required for FTRCA1 to negatively regulate IRF7-mediated IFN response, because
ligase-inactive mutants and the RING-deleted mutant of FTRCA1 lose the ability to block the activation of
crucian carp IFN promoter by IRF7. These results together indicate that FTRCA1 is a multifaceted modulator to
target different signaling factors for shaping fish IFN response in crucian carp.

1. Introduction

Innate interferon (IFN) immune response is the first line of verte-
brate defense against virus infection. As a kind of very simple microbes,
viruses harbor few unique features suitable for detection by host cells.
Therefore, virus genomic nucleic acids or viral-derived nucleic acids
during viral replication, as conserved portions of microbes called pa-
thogen associated molecular patterns (PAMPs), are generally re-
cognized by pattern recognition receptors (PRRs) of host cells, such as
cytosolic receptors, namely retinoic acid inducible gene-I (RIG-I)-like
receptors (RLRs) that are composed of RIG-I, MDA5 and LGP2 [1]. Once
recognition, signaling cascades are initiated through recruitment and
activation of downstream adaptor protein mitochondrial antiviral sig-
naling (MAVS) and further activating cytoplasmic protein kinases
TANK-binding kinase 1 (TBK1). The activated TBK1 in turn phosphor-
ylates and activates IFN regulatory factors 3/7 (IRF3/7) to turn on the

transcription of type I IFNs, which subsequently induce the expression
of IFN-stimulated genes (ISGs) through JAK-STAT signaling pathway,
thereby eliminating the viral invaders [1,2].

In mammals, IRF3 is constitutively expressed in diverse cell types
and in response to viral infection, it is primarily responsible for turning
on the expression of the early phase IFNs, such as IFNβ [3]. Unlike
IRF3, IRF7 is constitutively expressed at extreme low levels in most
cells but at high levels in macrophages and plasmacytoid dendritic cell
(pDCs) [4]. As a typical ISG, IRF7 is significantly induced by the se-
creted IFNβ in early stage and activated by virus infection; the activated
IRF7 then dramatically induces the production of the later phase IFNs,
including most IFNαs [5]. This notion is evidenced by gene knockout
analyses in mice, showing that IRF3 deficiency significantly obstructs
the production of both IFNα and IFNβ but in IRF7-deficient cells, there
is no IFNα expression and only decreased amounts of IFNβ detected
[6,7]. Similar to mammals, Fish have the pivotal molecules of RLR
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signaling pathway including RIG-I, MDA5, MAVS, MITA, TBK1 and
IRF3/7, all of which are involved in fish type I IFN response [8,9].
However, unlike mammalian IRF3/7 [5], fish IRF3 and IRF7 are two
IFN-stimulated genes (ISGs), and they both synergistically regulate the
expression of different fish IFN genes [10–13].

Whist IFNs are essential for clearing virus infection, overproduction

of IFNs leads to the development of immunopathological conditions;
therefore, multiple mechanisms have been developed to precisely
modulate the IFN signaling [14]. In mammals, emerging evidence has
revealed the pivotal roles of some tripartite motif (TRIM) proteins in
IFN antiviral response [15]. For example, TRIM4 positively regulates
RIG-I-mediated IFN induction by targeting RIG-I for K63-linked ubi-
quitination [16]; TRIM40 promotes K27- and K48-linked poly-
ubiquitination of MDA5 and RIG-I for proteasomal degradation [17]. In
line with the regulatory function of TRIMs, many TRIM genes are virus-
or IFN-induced genes [15,18]. TRIM family proteins are sequentially
comprised of really interesting new gene (RING) domain, one or two B-
box domains, coiled-coil domain and diverse C-terminal domain. RING
domain endows most TRIM proteins with E3 ubiquitin ligase activity
[14]. Varied number of TRIM family members are observed in the or-
ganisms of different evolutionary degrees in that there are> 80
members in human, ∼64 members in mice, ∼20 in worms and<10 in
flies [19]. An unprecedented expansion of TRIM family has occurred in
fish, which results in the occurrence of a novel TRIM subfamily specific
to fish (finTRIM, FTR) [20].

Recently, we identified a TRIM homolog from UV-inactivated
GCRV-infected crucian carp (C. auratus) blastulae embryonic (CAB)
cells and found that it is likely a fish species-specific TRIM. Since it

Table 1
Primers used in the study.

Primer names Sequences (5′to3′)

IRF7-VT-F CCACTGTGCTGGATATCTG
IRF7-VT-R CATTTGGCTTTGTCGTTAG
FTRCA1-VT-F TCTGGCACAATAACATACGC
FTRCA1-VT-R AGATGAGTTTTTGTTCGGGC
CAB-IRF7-F CAACGAGCACCCTAACGA
CAB-IRF7-R CCACCTGGCTGAGCAATT
EPC-IRF3-F GGACGAGGAAAGCGTGTTCTC
EPC-IRF3-R GTGAAATCTGCCCCAAACCACC
EPCeIFNeF ATGAAAACTCAAATGTGGACGTA
EPCeIFNeR GATAGTTTCCACCCATTTCCTTAA
EPC-Actin-F CACTGTGCCCATCTACGAG
EPC-Actin-R CCATCTCCTGCTCGAAGTC

Fig. 1. FTRCA1 inhibited the activation of crucian carp IFN promoter by IRF7 but not by IRF3. EPC cells seeded in 24-well plates overnight were cotransfected with
crucian carp IFN promoter plasmid (IFNpro-Luc) (200 ng), together with each of pivotal molecules of RLR signaling pathway including RIG-I, MDA5, MAVS, MITA,
TBK1, IRF3 and IRF7 (200 ng), and FTRCA1 at a constant dose (200 ng) (A) or at increasing amounts (0, 100, 200, 300 ng; B). At 48 h post-transfection, the cells were
collected for luciferase assays. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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belongs to finTRIM family, therefore named FTRCA1 (finTRIM C. aur-
atus 1) [21]. Function analysis revealed that FTRCA1 is an E3 ligase,
whereby it negatively regulates fish IFN response through autopahge-
lysosomal degradation of TBK1 [21]. In the present study, we found
that FTRCA1 downregulated fish IFN response by attenuating IRF7
transcription. Reduced IRF7 transcription levels is likely as result of
enhanced decay of IRF7 mRNA, leading to reduced IRF7 protein levels
and reduced IFN expression. Our results indicate that FTRCA1 is a
multifaceted modulator to target different signaling factors for shaping
fish IFN response in crucian carp.

2. Materials and methods

2.1. Cells, reagents and plasmids

Crucian carp (C. auratus L.) blastula embryonic cells (CAB) and
epithelioma papulosum cyprini cells (EPC) were cultured as described
previously [10,22]. Chloroquine was purchased from Cell Signaling
Technology (USA), and MG132 was from Calbiochem (Germany). All
expression plasmids, including crucian carp IFN promoter-driven luci-
ferase plasmids (CaIFNpro-Luc), RIG-I-myc, MDA5-myc, MITA, TBK1-
myc, IRF3-myc, IRF7-myc, and zebrafish MAVS (DrMAVS), were de-
scribed previously [10,11,23]. Flag-FTRCA1, FTRCA1-ΔRING, and
eight ligase-inactive mutants of FTRCA1 including C13A, C16A, C28A,
H30A, C33A, C36A, C52A and mut7A were described in Ref. [21].

2.2. Transfection and luciferase activity assays

Transfection assays were performed with FuGENE HD Transfection

Reagent (Promega) according to the manufacturer's protocol or by our
previous reports [10,11,21,22]. Briefly, CAB or EPC cells seeded in 24-
well plates or 3.5 cm2 dishes overnight were transfected with the in-
dicated plasmids, and the ratio of plasmids and FuGENE HD Transfec-
tion Reagent (Promega) is 1:3 per well. Luciferase activity assays were
performed by a Junior LB9509 luminometer (Berthold, Pforzheim,
Germany) and normalized to the amounts of Renilla luciferase activities
as described previously [10,11,22,24].

2.3. RNA extraction, cDNA synthesis, and real time-PCR

Total RNA was extracted by SV Total RNA Isolation System
(Promega). First-strand cDNA was synthesized using oligo dT and M-
MLV reverse transcriptase (Promega). Real-time PCR (RT-qPCR) was
performed in a 20 μl volume containing SYBR Green I Dye. All samples
were analyzed in triplicate and the expression values, unless indicated,
were normalized to β-actin. Primers used for RT-PCR analysis are listed
in Table 1.

2.4. Western blotting

Western blots were performed as previously described [10,11,22].
The tag-specific Abs, anti-myc for IRF7 and anti-Flag for FTRCA1, were
purchased from Cell Signaling Technology.

2.5. Statistical analysis

The student's t-test is used for statistical analysis of the results from
luciferase assays and RT-PCR assays.

Fig. 2. FTRCA1 downregulated IRF7-directed IFN expression by attenuating IRF7 transcription. EPC cells seeded in 3.5 cm2 dishes were transfected with IRF7-myc
alone or with IRF7-myc and Flag-FTRCA1 together (1 μg each) for the indicated time points, followed by RT-qPCR analysis of the mRNAs derived from the transfected
plasmid FTRCA1 (left panel in A), the transfected plasmid IRF7 (middle panel in A), and the endogenous cellular IFN (right in A), or by RT-qPCR analysis of the
mRNAs from both the transfected IRF7 and endogenous IRF7 (B), the endogenous cellular IRF3 (C). The relative expression was normalized to the expression of β-
actin and represented as fold induction relative to the expression level in control cells that was set to 1. Error bars represent SD obtained by measuring each sample in
triplicate. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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3. Results

3.1. FTRCA1 inhibits the activation of crucian carp IFN promoter by IRF7
but not by IRF3

Similar to our previous results [21], luciferase assays showed that
overexpression of pivotal components of RLR signaling pathway, in-
cluding RIG-I, MDA5, MAVS, MITA, TBK1, IRF3 and IRF7, significantly
induced the activity of crucian carp IFN promoter-driven luciferase
(IFNpro-luc); however, this activation was inhibited by simultaneous
overexpression of FTRCA1, with an exception that IRF3-directed acti-
vation was not influenced (Fig. 1A). Consistently, increasing inhibition
was observed when increasing doses of FTRCA1 were transfected to-
gether with a constant dose of each of RLR signaling factors, including
IRF7 but except IRF3 (Fig. 1B). These results indicated that FTRCA1
down-regulates RLR pathway-directed IFN expression and interestingly,
although both IRF3 and IRF7 are two crucial transcription factors in-
volved in RLR signaling [11,24], only IRF7-mediated IFN promoter
activation is inhibited by FTRCA1.

3.2. FTRCA1 down-regulates IRF7-directed IFN expression by attenuating
IRF7 transcription

To further determine the functional role of FTRCA1 on IRF7-medi-
ated IFN response, RT-PCR was used to detect the transcription of IRF7
and IFN in EPC cells transfected with fish IRF7 and FTRCA1 together.
Using primers to amplify the mRNAs derived only from the transfected
plasmids expressing FTRCA1 or IRF7, we found that FTRCA1 tran-
scription was detected initially at 3 h post transfection, peaked at 24 h
post transfection and decreased thereafter, showing an expression
pattern similar to IRF7 gene transcription in IRF7 alone-transfected
cells (Fig. 2A). However, transfection of FTRCA1 and IRF7 together
resulted in significantly decreased expression of IRF7 in a time-depen-
dent fashion, and this decrease was initially detected at 9 h post

transfection (Fig. 2A). Similarly, endogenous EPC IFN gene expression
was induced by transfection of IRF7 alone in a time-dependent fashion,
and this induction was significantly inhibited by co-transfection of
FTRCA1, being detected initially at 24 h post transfection. These results
indicated that FTRCA1 negatively regulates IRF7-directed IFN gene
expression likely through attenuating IRF7 transcription.

Using a pair of primers to amplify IRF7 mRNAs from both en-
dogenous IRF7 and transfected IRF7 plasmids,similar downregulation
of IRF7 transcription was observed, with initial detection also at 9 h
post transfection (Fig. 2B). Interestingly, endogenous IRF3 gene tran-
scription was downregulated by FTRCA1, being detected initially at
24 h post transfection, a time similar to endogenous IFN transcription
but later than IRF7 transcription (Fig. 2C). Considering that fish IRF3 is
a typical ISG [10], these results indicated that the observed down-
regulation of IRF3 gene transcription is likely due to the attenuated IFN
expression by FTRCA1.

3.3. FTRCA1-mediated decrease of IRF7 protein is not due to protein
degradation

Western blotting was used to compare IRF7 protein levels in the
presence and absence of FTRCA1 transfection in EPC cells. As shown in
Fig. 3A, compared to transfection of IRF7 alone, co-transfection of IRF7
and FTRCA1 resulted in consistent reduction of IRF7 protein in a time-
dependent fashion. Ubiquitin-proteasome pathway and autophagy-ly-
sosome pathway are two mainly pathways for protein degradation [25].
To exclude the possibility that protein degradation is involved in
FTRCA1-mediated reduction of IRF7 protein, we investigated the effect
of MG132 (inhibitor of ubiquitin-proteasome-dependent degradation
pathway) and NH4Cl, Chloroquine (inhibitors of autophage-lysosome-
dependent degradation pathway) on FTRCA1-mediated downregulation
of IRF7 protein in EPC cells. Western blotting showed that addition of
these inhibitors could not block the decrease of IRF7 protein by
FTRCA1 (Fig. 3B). These results indicated that the reduction of IRF7

Fig. 3. FTRCA1-mediated decrease of IRF7 protein is not due to protein degradation. EPC cells seeded in 3.5 cm2 dishes were transfected with IRF7-myc alone or with
IRF7-myc and Flag-FTRCA1 together (1 μg each) for the indicated time points (A), or EPC cells were cotransfected with IRF7-myc and Flag-FTRCA1 at the indicated
amounts for 24 h, followed by treatment with or without 50 μM Chloroquine, 50mM NH4Cl, or 20 μM MG132 for additional 9 h (B). Western blotting was used to
analyze the expression of IRF7 and FTRCA1 proteins using corresponding Abs.
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protein by FTRCA1 is ascribed from the attenuated IRF7 gene tran-
scription, but not from protein degradation through ubiquitin-protea-
some pathway or autophagy-lysosome pathway.

3.4. FTRCA1 inhibits IRF7-directed IFN expression dependent on the N-
terminal RING domain

FTRCA1 belongs to TRIM family featuring a typical RING domain in
N-terminus [21]. To determine the role of RING domain of FTRCA1 in
IRF7-directed IFN expression, we firstly compared the inhibitory effects
between wild type FTRCA1 and RING-deleted mutant of FTRCA1
(FTRCA1-ΔRING). As shown in Fig. 4A, unlike wild type FTRCA1,
FTRCA1-ΔRING failed to block the activation of IFN promoter by IRF7.
Compared to transfection of empty vector, transfection of wild type
FTRCA1 resulted in reduced IRF7 transcription levels, but transfection
of FRTCA1-ΔRING did not (Fig. 4B). Similar to that in Fig. 2, the
transcription levels of endogenous IFN and IRF3 were significantly re-
duced by transfection of wild type FTRCA1, being initially detected at
24 h post transfection; however, this reduction was significantly alle-
viated in FRTCA1-ΔRING-transfected cells (Fig. 4B). As expectedly, the

levels of IRF7 protein were reduced in wild type FTRCA1-transfected
EPC cells but nearly not in FTRCA1-ΔRING-transfected cells, by dose-
response assays (Fig. 4C) and time-course assays (Fig. 4D). These results
indicated that the N-terminal RING domain is essential for FTRCA1
downregulating IRF7-directed IFN response.

3.5. E3 ligase activity of FTRCA1 is required for negative regulation of
IRF7-directed IFN response

FTRCA1 has E3 ligase activity dependent of RING domain [21].
Previously we have constructed eight ligase-deficient mutants of
FTRCA1, including seven single-site mutants C13A, C16A, C28A, H30A,
C33A, C36A, C52A, and a multiple-site mutant mut7 [21]. To explore
whether the E3 ligase activity is critical for FTRCA1 function, EPC cells
were transfected with IRF7 together with each of these mutants fol-
lowed by luciferase assays. Unlike wild-type FTRCA1, these mutants all
failed to block IRF7-mediated activation of fish IFN promoter (Fig. 5).
These results indicated that E3 ligase activity of FTRCA1 is required for
blocking IRF7-directed IFN response.

Fig. 4. FTRCA1 inhibited IRF7-directed IFN expression dependent on the N-terminal RING domain. A. FTRCA1-ΔRING failed to negatively regulate IFN promoter
activation by IRF7. EPC cells seeded in 24-well plates overnight were cotransfected with CaIFNpro-Luc, IRF7 (200 ng each), and FTRCA1 (left panel) or FTRCA1-
ΔRING (right panel) at increasing amounts (0, 100, 200, 300 ng). 48 h later, the cells were collected for luciferase assays. B. FTRCA1-ΔRING lost the potential to
inhibit IRF7 transcription. EPC cells seeded in 3.5 cm2 dishes were transfected with IRF7-myc, together with Flag-FTRCA1 or FTRCA1-ΔRING (1 μg each) for different
time points followed by RT-qPCR detection of transcription of the transfected FTRCA1 and IRF7, the endogenous IFN and IRF3 genes. C and D. IRF7 protein
expression was almost not influenced by FTRCA1-ΔRING. EPC cells seeded in 3.5 cm2 dishes were transfected with IRF7-myc (1 μg), together with Flag-FTRCA1 or
FTRCA1ΔRING at increasing amounts (0, 0.5, 1 μg) for 48 h (C), or at a constant amount (1 μg each) for different time points (D). Western blotting was used to
analyze the expression of TBK1 and FTRCA1 proteins using corresponding Abs. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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4. Discussion

In mammals, many TRIM family genes are significantly upregulated
by IFN or by virus infection in a type I IFN-dependent manner [26] and
actually, these genes are typical ISGs [27]. This expression character-
istic correlates with the pivotal roles of these TRIMs in innate IFN an-
tiviral response, acting directly as antiviral effectors [28,29], indirectly
as modulator of IFN response [30–32], or as both [33]. In the past
years, emerging studies have shown that fish TRIM genes are involved
in fish IFN antiviral response [34–36], although the molecular me-
chanisms involved remain largely known. In fish, besides the existence
of orthologs of human TRIM genes, there is a fish-specific TRIM sub-
group, named finTRIM or FTR [20]. Recent studies have shown that
FTR members function as modulators during fish IFN antiviral response
[21,37,38]. Interestingly, zebrafish FTR83 is not an ISG and still po-
tentiates antiviral response by upregulation of IFN and ISGs [37], in-
dicating that the IFN induction feature is not a prerequisite for TRIM
function during IFN response.

Notably, there is greatly varied gene number of finTRIM family
among fish species, indicating that genus-specific or even species-spe-
cific gene expansion of TRIM family has happened during teleost fish
radiation [20,21,37,39]. Similar phenomenon occurs in mammals. For
example, mouse and human genomes have species-specific TRIM genes

[40], some of which are even specific to different human populations
[41], indicating a constant and on-going expansion of TRIM genes. Such
fast expansion benefits to serve as a TRIM gene reservoir, allowing a
given species to easily acquire new antiviral genes towards selective
pressures from viral infection [42]. FTRCA1 might be crucian carp-
specific member of finTRIM, because so far no “one to one” orthologue
has been found in other fish species, even in gibel carp (C. auratus gi-
bello), a species belonging to a same genus Carassius with crucian carp
(C. auratus) [21]. FTRCA1 is upregulated by IFN and virus infection and
importantly, it downregulates RLR-triggered IFN response through ly-
sosomal degradation of TBK1 [21]. In the present study, we extended
this notion and found that FTRCA1 exhibits an ability to reduce IRF7
transcription levels, thereby downregulating IRF7-mediated IFN re-
sponse. Since IRF7 is a master transcription factor involved in RLR-IFN
signaling, these results indicate that FTRCA1 targets at least two sub-
strates TBK1 and IRF7 to negatively modulate IFN response.

Although overexpression of IRF7 and FTRCA1 together results in a
reduced IRF7 protein level compared to overexpression of IRF7 alone,
the reduction of IRF7 protein should be due to the attenuated IRF7
transcription level but not to IRF7 protein degradation (Figs. 2A and 3).
This is very different from FTRCA1 targeting TBK1 protein for de-
gradation, because TBK1 transcription is not changed by similar co-
transfection assays [21]. In addition, although both IRF7 and TBK1

Fig. 5. Ligase-inactive mutants of FTRCA1 lost the ability to block the activation of crucian carp IFN promoter by IRF7.
EPC cells seeded in 24-well plates overnight were cotransfected with CaIFNpro-Luc, IRF7 or pcDNA3.1 (200ng each), together with increasing amounts (0, 100, 200,
300ng) of FTRCA1 or each of ligase-inactive mutants of FTRCA1 (including C13A, C16A, C28A, H30A, C33A, C36A, C52A ). 48h later, the cells were collected for
luciferase assays. *p< 0.05, **p<0.01, ***p<0.001.

M. Wu, et al. Fish and Shellfish Immunology 90 (2019) 180–187

185



proteins are reduced in FTRCA1-overexpressing cells, TBK1 protein
reduction is blocked by Chloroquine and NH4Cl (inhibitors of au-
tophage-lysosome-dependent degradation pathway) [21] and on the
contrary, neither MG132 (inhibitor of ubiquitin-proteasome-dependent
degradation pathway) nor Chloroquine and NH4Cl can rescue IRF7
protein levels (Fig. 3). These results together strongly indicate that
FTRCA1 promotes TBK1 protein degradation through lysosomal-de-
pendent pathway and instead, it destabilizes IRF7 transcription re-
sulting in a decreased protein level. Finally, FTRCA1 interacts with
TBK1 but not with IRF7 [21], strengthening the notion that FTRCA1
cannot target IRF7 protein for degradation. It is notable that despite of
different mechanisms used for TBK1 and IRF7, E3 ligase activity is re-
quired for FTRCA1 function (Figs. 4 and 5).

An interesting question is how FTRCA1 attenuates IRF7 transcrip-
tion level. In the present study, both plasmids expression IRF7 and
FTRCA1 are transfected into fish cells, and the transcription levels from
either the transfected plasmid IRF7 or both the plasmid IRF7 and cel-
lular IRF7 gene are decreased (Figs. 2 and 4B). Since the transcription
of the plasmid IRF7 is driven by a constitutive promoter CMV that is
located in the commercial vector pcDNA3.1; therefore, the observed
reduction of IRF7 transcription should be resulted from an enhanced
decay of IRF7 mRNA by FTRCA1 at posttranscriptional step, and the
targeted site for IRF7 mRNA decay is probably in open reading frame
(ORF) of IRF7 gene. It is well known that regulation of mRNA decay in
the cytoplasm is tightly controlled by sequence-specific RNA binding
proteins (RBPs), which often bind to the sequences of targeted mRNA in
either the 5′UTR, ORF, or more commonly the 3′ UTR dependent on
conditions [43]. Based on these findings, we speculate that FTRCA1
attenuates IRF7 transcription levels likely due to enhanced decay of
IRF7 mRNA, which directly leads to reduced IRF7 protein levels and
subsequently reduced fish IFN expression, thus downregulating IFN
antiviral response.

Another interesting question is how FTRCA1 selects IRF7 rather
than IRF3 to downregulate IFN response. IRF3 and IRF7 are two crucial
transcription factors responsible for induction of different IFN genes
and they are very homologous in amino acid sequences. Our previous
results have excluded the possibility that FTRCA1 has regulatory se-
lectivity on distinct fish IFN gene expression through IRF7 and IRF3,
respectively [21]. In the present study, although a reduced IRF3 tran-
scription level is detected in FTRCA1-overexpressing cells, the time
point for initial detection of transcription reduction is later than IRF7
but similar to IFN (Figs. 2 and 4B). Since both fish IRF3 and IRF7 are
ISGs, the observed downregulation of IRF3 gene transcription is likely
due to the attenuated IFN expression by FTRCA1. However, it is still
hard to understand why FTRCA1 interacts with IRF3 but not with IRF7
[21]. Regardless of these unresolved issues, the data in the current
study support that FTRCA1 is a multifaceted modulator to target dif-
ferent signaling factors for shaping fish IFN response, because at least
two substrates, fish TBK1 and IRF7, have been confirmed as targets of
FTRCA1.
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