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Abstract: Mammalian species possess sophisticated innate immune mechanisms that collectively combat a
wide array of viral pathogens. Among these, the well-characterized interferon (IFN) response has been
extensively researched; however, the role of antiviral RNA interference (RNAi) in mammals is emerging as an
area of significant interest. Previous research has noted that Dicer, an enzyme crucial for processing double-
stranded RNA (dsRNA), exhibits reduced activity in vitro, and that the IFN response may overshadow or
inhibit the antiviral functions of RNAi in mammalian cells. Consequently, the functional relevance of RNAi in
antiviral defense within mammalian somatic cells remains an open question. The evolution of antiviral systems
in human populations reflects their substantial advantages, paralleling the evolutionary pressure on genomes
encoding such defense mechanisms. While the well-studied protein-guided immune responses in mammals
are essential for survival in viral environments, small RNA-mediated antiviral systems, which utilize
complementary base pairing to silence non self-genetic material, also play a crucial role. In mammals, evidence
suggests that microRNAs (miRNAs) regulate genes integral to antiviral responses, and emerging data indicate
that small interfering RNAs (siRNAs), PIWI-interacting RNAs (piRNAs), and transfer RNAs (tRNAs) can
directly target virus-derived nucleic acids. This review aims to highlight some of the recent progress in
understanding mammalian antiviral RNAi mechanisms.
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A Brief Idea about RNAi Pathway

RNA interference (RNAi) is a process that leads to the silencing of gene expression after
transcription, a phenomenon initially noticed in pigmented petunia flowers in 1990 [1]. This gene-
silencing effect was found to be induced by double-stranded RNA (dsRNA), as demonstrated by Fire
et al., 1998 through their work with the nematode Caenorhabditis elegans [3]. Their discovery revealed
that the presence of dsRNA significantly decreased the levels of corresponding mRNA, thus
effectively silencing the gene [4].

The RNAi pathway is controlled by Dicer, an enzyme belonging to the ribonuclease III (RNase
III) family, which plays a critical role in the generation of small RNA molecules from longer RNA
precursors (Figure 1). Dicer processes these long dsRNA molecules into small interfering RNAs
(siRNAs) and converts precursor microRNAs (pre-miRNAs) into mature microRNAs (miRNAs) by
cleaving hairpin structures [5]. These small RNA fragments are then incorporated into the RNA-
induced silencing complex (RISC), where they guide the Argonaute protein (AGO) to recognize and
bind to complementary mRNA sequences [6]. Argonaute, an essential component of RISC, facilitates
the degradation or translational repression of the target mRNA, thereby silencing the gene.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. This image explains the processes occurring within the nucleus and cytoplasm of a cell
during both miRNA biogenesis and viral replication. Within the nucleus, miRNA genes are
transcribed into primary miRNAs (pri-miRNAs), which are then processed by the Drosha enzyme
into pre-miRNAs. These pre-miRNAs are exported to the cytoplasm via Exportin 5, where they are
further processed into mature miRNAs that can regulate gene expression. The nucleus is shown
hosting viral replication, where viral RNA (VRNA) is transcribed and replicated, forming double-
stranded RNA (dsRNA) intermediates and single-stranded RNA (ssRNA) that can form secondary
structures. These viral RNAs can be shuttled to the cytoplasm to continue the infection cycle. Image
Source: https://www.ncbi.nlm.nih.gov/probe/docs/techrnai/.

Progress in Mammalian Antiviral RNAi Research

Multiple studies have indicated that RNAi is a well-preserved antiviral defense mechanism
across various eukaryotic species, including fungi, plants, nematodes, and insects (Figure 2) [2]. The
presence of mammalian antiviral RNAi has been a topic of debate, mainly due to the existence of the
interferon (IFN) and adaptive immune systems in mammals, which plants and invertebrates lack.
One viewpoint posits that antiviral RNAi and the IFN system mutually inhibit each other, as IFN can
obstruct the RISC, which is vital for RNAi, while the protein LGP2, crucial for both IFN and adaptive
immunity, can inhibit the cleavage of pre-miRNA and long double-stranded RNA (dsRNA) by Dicer
[7,8]. Some argue that a conflict exists between these two systems, suggesting that although virus-
derived small interfering RNAs (vsiRNAs) accumulate post-infection, they do not effectively curb
viral replication, leading to the conclusion that RNAi is non-functional in mammals [9,10].
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Figure 2. This image illustrates the dual mechanisms by which mammalian cells restrict viral
infections: the IFN response and antiviral RNA interference (RNAi). On the left, the IFN response is
depicted, where viral double-stranded RNA (dsRNA) is detected by RIG-I-like receptors (RLRs) such
as LGP2, RIG-I, and MDAJ, leading to the activation of type I and III interferons (IFN-«, IFN-A, IFN-
[). These interferons then induce the expression of interferon-stimulated genes (ISGs) that collectively
inhibit viral replication. On the right, the antiviral RNAi pathway is shown, starting with the
processing of viral dsSRNA by Dicer into 22-nucleotide viral small interfering RNAs (viRNAs), which
are then incorporated into the RISC. The RISC, guided by viRNAs, cleaves the target viral RNA,
leading to the degradation of viral RNA and the inhibition of viral replication. Image Source: [17].

However, recently Wang, J. and Li, Y. (2024), has confirmed the presence of antiviral RNAi in
both undifferentiated and differentiated mammalian cells [2,11-14]. Mutually regulating the antiviral
RNAIi and the interferon (IFN) system involves dsRNA-binding proteins. For example, the Trans-
activation response RNA-binding protein (TRBP) not only enhances the cleavage activity of Dicer on
pre-miRNA but also interacts with LGP2 to influence IFN production during infections such as those
caused by the Sendai virus (SeV) [15]. Unlike insects, which have two distinct Dicer proteins —Dicer-
1 and Dicer-2—mammals possess a single Dicer protein that handles both miRNA and siRNA
biosynthesis [16]. It is composed of various domains, including a helicase domain with three sub-
regions (Hell, Hel2i, and Hel2), a DUF283 domain, a Platform-PAZ connector helix domain, two
tandem RNase III domains, and a dsRNA binding domain [16].

Mammalian Dicer’s Long dsRNA Inefficiency in Processing

The molecular properties of Dicer, the primary enzyme involved in double-stranded RNA
interference (dsRNAi), have a major effect on the efficacy of dsRNAi in mammalian cells. This multi-
domain structure enzyme consists of an ATPase site-containing DExD/H helicase domain at the N-
terminus, an RNAse III domain arranged in tandem, a Piwi Argonaute Zwille (PAZ) domain, a
domain of unknown function (DUF283), and a C-terminal double-stranded RNA-binding domain
[17]. While each RNAse III domain cleaves one strand of the RNA duplex, the PAZ domain is in
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charge of binding the 3' 2-nucleotide overhangs at the ends of dsRNA substrates. Human Dicer (hDcr)
is less effective at processing lengthy dsRNA into siRNAs than it is at processing pre-miRNA into
miRNAs, according to in vitro investigations [18,19]. Modifying Dicer by either deleting or partially
proteolyzing the helicase domain enhances the rate at which it cleaves dsRNA, with only a modest
effect on pre-miRNA cleavage [18]. Furthermore, a deletion mutant of hDcr, which lacks almost the
entire helicase domain, has shown a greater ability to process endogenously transcribed long dsRNA
and long hairpin RNAs into siRNAs, thereby enabling dsRNAI activity in engineered cells [20]. In
mouse oocytes, which actively engage in dsRNAi, a truncated isoform of Dicer known as DicerO,
which lacks the N-terminal helicase domain, efficiently processes endogenous or ectopically
expressed long hairpin RNAs [21]. These observations collectively imply that the helicase domain of
Dicer restricts its catalytic activity for long dsRNA and suggest that the inclusion of this domain in
the mature enzyme might be controlled by alternative transcription mechanisms [17]. However,
outside of mouse germ cells, the expression of DicerO has not been detected, and in humans,
truncated Dicer isoforms have been observed only in certain cancer cell lines [22].

Another theory suggests that the activity of proteins linked to the digestive system may be the
cause of the inhibitory modulated by the helicase domain rather than alternative transcription.
According to structural research, co-factors like PACT (Protein Activator of PKR) and TRBP can cause
the Dicer helicase domain to shift conformation, potentially simulating the effects of the domain’s
deletion [24]. This conformational change facilitated by TRBP and PACT suggests they play a role in
modulating Dicer’s ability to process long dsRNA in vivo [19,25]. During replication, RNA viruses
produce double-stranded RNA viral replicative intermediates (vRI-dsRNA), which are cleaved by
Dicer to generate 21-23 nucleotide vsiRNAs with 2-nucleotide 3’ overhangs [2]. These vsiRNAs then
enter Argonaute protein 2 (AGO2), the sole AGO protein in mammals with slicing activity, to play a
downstream role in antiviral immunity [26,27]. The discovery of an isoform of Dicer, termed antiviral
Dicer (aviD), which lacks exons 7 and 8, resulting in the absence of the Hel2i subdomain was seen to
have enhanced antiviral RNAi capability and protects stem cells from Zika virus (ZIKV) and severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections by processing viral dsRNAs into
siRNAs more effectively [28,29].

IFN Response vs. dsRNAi

In a study conducted by Maillard et al., 2016, the antagonistic relationship between the IFN
system and dsRNAi was examined in somatic cells that were genetically modified to lack MAVS or
IFNAR [30]. The results revealed that introducing dsRNA into these cells led to the accumulation of
siRNAs in a Dicer-dependent manner, and subsequently, sequence-specific gene silencing that
required Ago2 was observed [30]. Further research by Van der Veen et al., 2018 indicated that the
IFN system actively suppresses dsRNA, at least partially, by inducing the expression of LGP2 [31].
This protein binds to Dicer, thereby inhibiting the processing of long dsRNA into siRNAs. Notably,
in this study, the binding of LGP2 to Dicer did not affect the biogenesis of two housekeeping miRNAs,
even though LGP2 is also known to interact with TRBP (HIV TAR RNA-binding protein), a co-factor
of Dicer, and inhibit the processing of certain TRBP-bound miRNAs [32,33]. It remains to be clarified
whether LGP2 further inhibits dsRNAi through its interaction with TRBP.

The rationale behind the inhibition of dsRNAi in somatic cells during an IFN response is not
fully understood. Insights might be drawn from Girardi et al., 2015, who observed that mammalian
cells stably expressing Drosophila dcr-2 to artificially enhance dsRNAi exhibited a reduced IFN
response upon treatment with poly(I:C), a synthetic dsSRNA analog [34]. Both viral infection and
poly(I:C) treatment have been shown to induce poly-ADP-ribosylation of Ago2 and other
components of the RISC, which inhibits RISC activity and thereby alleviates miRNA-mediated
repression of some interferon-stimulated genes (ISGs) [35]. This suggests that inhibiting Dicer and
RISC might be crucial for the effective activation of the IFN pathway, potentially by preserving
dsRNA substrates necessary for RIG-I-like receptor (RLR) activation [17]. Moreover, maintaining
dsRNA in infected cells could ensure that the activity of antiviral proteins encoded by ISGs is not
compromised. For instance, the protein kinase PKR requires dsRNA longer than 30 nucleotides to
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dimerize and become active, leading to translational repression [36]. If Dicer cleaves long dsRNA, it
might deprive the cell of necessary substrates for PKR activation or cause an accumulation of 21-22
nucleotide siRNA duplexes that could bind to PKR monomers and prevent their dimerization,
thereby blocking PKR activation [17].

During the coevolution of viruses and their hosts, a range of viral suppressors of RNA
interference (VSRs) have emerged, developed by various viruses to counteract the host’s antiviral
responses and enhance their ability to invade. These VSRs include proteins such as NoV B2 from
Nodamura virus, NS2A from Dengue virus 2, Semliki Forest virus (SFV) capsid protein, and Rubella
Virus capsid protein [2,37,38]. Notably, among these suppressors, NoV B2 and DENV2 NS2A are
unique in their ability to function as dsRNA-binding proteins with IFN-independent VSR activity. In
contrast, other VSRs, such as IAV NS1, exhibit a dual role by interacting with dsSRNA to both suppress
RNA interference and simultaneously antagonize the interferon response [39]. Lately, Fang et al,,
2021 had designed VSR-targeting peptides (VIPs) that disrupt the function of human enterovirus 71
(HEV71) 3A, thereby unleashing the antiviral RNAi response to reduce viral replication, highlighting
a promising therapeutic strategy [40].

In plants, it has been shown that endogenous miRNAs and siRNAs are exported in exosome-
like extracellular vesicles (EVs) to suppress virulence gene expression in fungal pathogens [41]. The
first report of systemic antiviral RNAI in insects by Goic et al., 2013 showed that vsiRNAs produced
during the RNAi pathway play a role in systemic immunity [42]. Subsequent research by Tassetto et
al., 2017 detected vsiRNAs in exosome-like vesicles, mediating systemic antiviral RNAIi in fruit flies
[43]. While much research has focused on cell-autonomous immune regulation via antiviral RNAi,
recent work from Wang, J. and Li, Y. (2024) has demonstrated that vsiRNAs in EVs can enter the
bloodstream and target complementary viral RNAs in the cytoplasm, thereby restricting viral
replication, indicating that mammalian antiviral RNAi functions in both cell-autonomous and non-
cell-autonomous host defenses [44]. Despite the significant progress in understanding antiviral
RNAI, several fundamental questions remain. These include the inconsistent detection of vsiRNAs,
the efficiency of full-length Dicer cleavage, and the failure to observe increased viral replication in
Dicer-deficient mammalian cells [45]. Addressing these questions is crucial for advancing research
on antiviral RNAI.

Absence of Stable Mammalian vsiRNAs Detection During Viral Infection

In mammals, the production of viral small interfering RNAs (vsiRNAs) during viral infections
is a significant marker of the antiviral RNA interference (RNAi) response. Studies have demonstrated
that vsiRNAs can be generated using mutant viruses deficient in VSRs, such as B2-deficient NoV,
NS1-deficient influenza A virus (IAV), 3A-deficient human enterovirus 71 (HEV71), and NS2A-
deficient Dengue virus 2 (DENV2) when tested in mammalian cells [2,46]. These vsiRNAs have also
been identified in experiments involving wild-type viruses, including encephalomyocarditis virus
(EMCV), Zika virus (ZIKV), Sindbis virus (SINV), and NoV, in various cell types such as
undifferentiated or somatic cells [47]. However, despite these observations, numerous studies,
including those analyzing a range of wild-type viruses—such as negative-stranded Vesicular
Stomatitis Virus (VSV) and IAV, as well as positive-stranded viruses like Poliovirus (PV), Hepatitis
C virus (HCV), DENV, SINV, coxsackievirus B3 (CVB3), and EV71 —have not detected vsiRNAs
across several mammalian cell lines using deep sequencing techniques [2,48]. This lack of detection
might be attributed to the low abundance of vsiRNAs within the total RNA pool, as well as the
potential absence of typical vsiRNA characteristics, such as the expected enrichment for 22-nucleotide
sequences [45].

Several factors could account for the inability of some studies to detect vsiRNAs in mammalian
cells infected with various viruses. One reason could be that earlier research did not perform deep
sequencing to a sufficient depth to identify vsiRNAs [49]. Another possible explanation is that RNase
L cleavage products may obscure the 22-nucleotide peak characteristic of vsiRNAs [2]. For example,
Girardi et al., 2013 infected HEK293 and Vero cells with SINV and suggested that the degradation-
like viral small RNAs originated from RNase L cleavage [50].Many earlier studies used different cell
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lines for vsiRNA detection, and the RNase L pathway might be overly activated in ex vivo conditions
[50]. In contrast, under in vivo conditions, RNase L is effectively regulated, allowing for the easy
detection of vsiRNAs in studies involving ZIKV and SINV [47].

Full-Length Dicer also Processes dSRNA

Insects possess two distinct Dicer proteins, Dicer-1 and Dicer-2, where Dicer-1 is involved in
miRNA production, and Dicer-2 is responsible for generating siRNAs [16]. For a long time, it was
believed that mammals only had a single type of Dicer that could process both miRNAs and siRNAs
[2]. However, an isoform of Dicer distinct from the full-length Dicer was discovered in mouse oocytes
by Flemr et al., 2013 due to a loss in the N-terminal helicase domain [21]. When compared to the full-
length Dicer, this isoform showed improved effectiveness in cleaving long hairpin dsRNA substrates,
suggesting that these oocytes may have a higher capacity for antiviral RNAi [21]. Given this, Kennedy
et al.,, 2015 created a mutant form of human Dicer that does not have the amino-terminal helicase
domain (N1 hDcr), and they produced it in NoDice/APKR cells together with 257-bp dsRNA and
empty vector, wild-type hDcr, or N1 hDcr. [51]. Their results demonstrated that expressing N1 hDcr
significantly increased the production of short RNA reads from 257-bp dsRNA from 0.25% to 23.9%,
compared to NoDice/APKR cells expressing the empty vector. In contrast, expressing wild-type hDcr
increased short RNA reads to 7.04% [51]. Despite the fact that the N1 hDcr mutant generated 3.39
times more short RNA reads than wild-type hDcr, the wild-type hDcr was still capable of processing
long dsRNA into siRNAs. The findings of Wang, J. and Li, Y. (2024) align with this, showing that
Dicer efficiently processes IAV-derived dsRNA into vsiRNAs, even when IFN is activated by IAV
infection in mammalian somatic cells [2,52]. It's interesting to note that Poirier et al., 2021 compared
the in vitro cleavage efficiency of synthetic dsRNA substrates by aviD and full-length Dicer and
discovered that, presumably, aviD still possessed some dicing activity because its cleavage efficiency
was roughly twice that of full-length Dicer [28]. They noted that aviD showed increased resilience to
LGP2 inhibition [28]. Future studies should investigate whether Dicer’s capacity to cleave dsRNA in
vivo is influenced by other cofactors, such as PKR-associated activator (PACT), protein kinase RNA-
activated (PKR), and adenosine deaminases acting on RNA 1 (ADAR1) [53,54].

The significant role of antiviral RNA interference (RNAi) in managing viral infections in
mammals is underscored by the theoretical consequences of depleting Dicer, a pivotal protein in this
defense mechanism. If Dicer, which is essential for antiviral RNAI, is knocked down in mammalian
cells, it is expected that viral replication would increase. This hypothesis finds support in the work
of Xu et al., 2019, who documented enhanced Zika virus replication in human neural progenitor cells
with reduced Dicer levels [12]. In contrast, Cullen et al., 2014 did not observe a corresponding increase
in viral replication when Dicer-knockout human somatic cells were exposed to various viruses [55].
Findings from Witteveldt et al, 2019 showed that mouse embryonic stem cells lacking Dicer
displayed heightened resistance to several viral infections [56]. Further research has demonstrated
that mammalian cells deficient in Dicer accumulate endogenous double-stranded RNAs (dsRNAs),
including Alu RNAs—predominantly found in the human genome —and B2 RNAs—prevalent in the
mouse genome [57]. Typically, in healthy mammalian cells, ADAR1 enzyme modifies these
endogenous dsRNAs by converting adenosine to inosine, a process that aids in their processing by
Dicer and prevents their detection by other dsRNA-sensing proteins [58]. However, in the absence of
Dicer, these accumulated dsRNAs can be erroneously identified by dsRNA-sensing innate immune
response proteins such as PKR and MDAS, which then activate downstream interferon signaling
pathways. This activation results in the production of interferon and the expression of interferon-
stimulated genes (ISGs), including IFN@, thus instigating an antiviral state within the cells [59,60].
Therefore, Dicer deletion not only leads to the buildup of endogenous dsRNAs and erroneous
activation of dsRNA-sensing proteins but also triggers an interferon response and ISG activation,
collectively contributing to an antiviral state that hampers viral replication [2]. A deficiency in Dicer
can result in reduced levels of miRNAs and disruption in the regulation of miRNA-targeted genes,
which affects essential biological processes such as cell differentiation and apoptosis. For instance,
research by Witteveldt et al., 2019 found that the absence of miR-673 in Dicer knockout embryonic
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stem cells led to elevated levels of mitochondrial antiviral signaling protein (MAVS) and subsequent
activation of the interferon response [57].

Utilizing Dicer-knockout mammalian cells as a model for studying antiviral RNA interference
(RNAi) presents limitations, making it an unsuitable approach for accurately evaluating this
mechanism. Instead, several alternative methodologies offer more effective means to assess antiviral
RNAI functionality. One such method involves pre-inoculating organisms with viruses that lack
VSRs in vivo or employing virus replicons devoid of VSRs in vitro to activate antiviral RNAi
pathways. This can be followed by evaluating viral replication rescue through a recombinant virus
carrying virus fragments as a reporter system, a technique illustrated in studies by Zhang et al. (2021)
and Qiu et al. (2017) [52,61]. Another approach is to isolate viral small interfering RNAs (vsiRNAs)
from infected mammalian tissues using an anti-pan Ago antibody for immunoprecipitation. These
vsiRNAs can then be subjected to an in vitro slicing assay with synthetic RNA substrates to test
whether Argonaute (Ago) proteins, when loaded with vsiRNAs, are capable of cleaving
complementary single-stranded RNAs [14]. While AGO2 deficiency results in embryonic lethality in
mammals, indicating its crucial role in RNAi, the zebrafish model also reveals limitations due to
impaired AGO2 cleavage capacity [2,62]. Thus, exploring these alternative methods provides more
accurate and feasible strategies for studying antiviral RNAi and its functional mechanisms.

Antiviral RNAi Mechanisms and VSR Interactions

Research into the role of antiviral RNAi in mammals reveals that various RNA viruses not only
induce the production of vsiRNAs through Dicer but also encode diverse dsRNA-binding VSRs to
inhibit the formation of these vsiRNAs in mammalian cells [13,61]. Early research into RNAi triggered
by synthetic long dsRNA indicated that the interferon (IFN) response might inhibit the Dicer-
mediated production of vsiRNAs [17]. Han et al., 2020 showed that when the VSR-B2 protein was
absent or rendered nonfunctional, NoV RNA replication led to the generation of highly abundant
vsiRNAs in both IFN-competent MEFs and Ragl-/- adult mice, which have an intact IFN system [14].
Both MEFs and adult mice possessed these vsiRNAs, which were mostly 22 nucleotides long with 2-
nt 3’ overhangs, indicating that Dicer processed the viral dsRNA precursors. This is supported by the
observation that vsiRNA synthesis was absent in Dicer-KO MEFs and that Ago2 was not required for
vsiRNA biogenesis in these cells. Subsequent studies demonstrated that infection with NoVAB2 or
NoVmB2 produced vsiRNA-RISC that could control Ago2-mediated RNA cleavage in vitro [14]. Base
pairing between the target RNA and the vsiRNA’s tenth nucleotide was required for this cleavage
activity. It’s interesting to note that, in contrast to Ragl-/- animals, which have a functional IFN
system, the lack of IFN-I, -II, and -III signaling in Stat1/2—/— mice did not promote RNA slicing by the
in vivo-assembled vsiRNA-RISC [14]. Also there were no notable differences in Ago2-mediated RNA
slicing by endogenous miRNA-RISC between Ragl-/- and Stat1/2—-/- mice after infection [14]. These
observations diverge from earlier findings indicating that IFN-I signaling inhibits Ago2-mediated
RNA slicing in human 293T cells [35].

Han et al., 2020 also demonstrated that genetic suppression of RNAi in Dicer-KO and Ago2-KO
MEFs, as well as in Ago2-CD MEFs, significantly increased NoV RNA1 replication and RNA3
transcription, underscoring the necessity of both Dicer-mediated vsiRNA biogenesis and Ago2 slicer
activity for effective antiviral RNAi [14]. In wild-type MEFs, the viral suppression of RNAi by VSR-
B2 also led to increased accumulation of NoV RNA1 and RNA3. However, VSR-B2’s replication-
enhancing effect was minimal in RNAi-defective MEFs, similar to observations in S. cerevisiae lacking
the RNAi pathway [63]. This suggests that VSR-B2 primarily acts to suppress RNAi. Moreover, a
robust activation of the OAS/RNase L system in Dicer-KO MEFs was also found by Han et al., 2020,
following NoV RNA replication, regardless of VSR-B2 presence [14]. Viral small RNA populations
were present in MEFs and adult mice after extensive NoV RNA replication with functional VSR-B2.
These results suggest that, unlike its known suppression of Dicer processing of dsRNA [64,65], VSR-
B2 does not inhibit OAS activation or RNase L-mediated degradation of ssRNAs. It is possible that
the VSR-B2-bound long dsRNA remains an effective OAS activator but is poorly recognized by Dicer.
Interestingly, the OAS/RNase L system was less activated in Ago2-KO and Ago2-CD MEFs, despite
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these cells supporting strong replication of NoV RNA1 or R1AB2, suggesting that Dicer processing
or sequestration of viral dsSRNA might attenuate OAS/RNase L activation.

Previous studies have indicated that a variety of wild-type RNA viruses fail to produce a
prominent peak of vsiRNAs in commonly used mammalian cell lines or show higher replication
levels in human 293T cells following Dicer inactivation [66,67]. This led to the hypothesis that
antiviral RNAi might not significantly inhibit wild-type virus infection in mature cells. Han et al.,
2020 showed that replication of wild-type NoV RNA1, even with functional VSR-B2, led to the
production of low-abundance vsiRNAs and was notably increased by RNAi suppression in MEFs
[14]. This implies that antiviral RNAi remains partially active in MEFs despite VSR expression. Ago4
appears necessary for antiviral defense in MEFs, potentially by supporting vsiRNA production or
stability of the vsiRNA-RISC [27]. Thus, MEFs seem to be a more suitable model for studying antiviral
RNAi compared to other cell culture systems. Importantly, low-abundance vsiRNAs were also
detected in wild-type NoV-infected adult mice, both before and after pan-Argonaute co-
immunoprecipitation, and were able to direct RNA cleavages in purified in vivo vsiRNA-RISC. This
provides evidence of an active antiviral role of the siRNA response against wild-type viral infections.

Future research should focus on developing conditional knockout systems to study the in vivo
antiviral functions of Dicer or Ago2 due to their essential roles in development [68]. Nevertheless,
Han et al., 2020 suggested a natural antiviral function of RNAi in mammals. They showed that VSR-
B2 expression in adult mice suppressed both vsiRNA production and the activity of vsiRNA-RISC
without affecting endogenous miRNAs or the induction of IFN-f and ISGs [14]. Notably, VSR-B2
significantly increased viral load and caused severe NoV infections in both IFN-competent Ragl-/-
mice and Statl/2-/- mice with defective IFN signaling. In contrast, NoV mutants lacking VSR-B2 did
not cause weight loss or disease symptoms and were largely cleared by day 10 post-infection in both
Ragl-/- and Stat1/2-/- mice [14]. These results suggest that the RNAi response plays a crucial role in
providing protective immunity against viral infections in mammals, irrespective of their IFN
response status.

Conclusion

Recent investigations into mammalian antiviral responses have uncovered that distinct positive-
and negative-strand RNA viruses can induce antiviral RNA interference (RNAi) across a variety of
cell types, suggesting a broader applicability of this defence mechanism beyond specific viruses or
cellular environments. Notably, several of these viruses produce double-stranded RNA-binding
VSRs that are crucial for their infectivity. This evidence implies that antiviral RNAi in mammals is
not restricted to certain viral strains or cell types. Recent findings have demonstrated that in human
cancer cells, antiviral RNAi operates independently of IFN pathways, with VSR-B2-mediated
suppression of RNAi enhancing the therapeutic efficacy of an oncolytic vesicular stomatitis virus
variant against cancer cells. However, a contrasting study observed that the generation of abundant
vsiRNAs in human 293T cells did not correlate with a reduction in influenza A virus (IAV)
replication, as had been previously reported. This discrepancy indicates that while primary mouse
embryonic fibroblasts (MEFs) show effective suppression of IAV replication through antiviral RNA,
such effects are not evident in 293T cells, despite antiviral RNAi’s broad activity against viruses like
Norovirus (NoV) and Enterovirus 71 (HEV71) in various models. Although primary Ago2D597A
MEFs exhibit greater susceptibility to infections by the RNA viruses studied compared to wild type
MEFs, this increased susceptibility is not mirrored in immortalized AGO2-knockout MEFs, which
lack IFN-I signalling, underscoring the necessity of developing novel infection models to better
characterize antiviral RNAi functions without interfering with cellular microRNA activities.

The identification of a novel antiviral immune mechanism in mammals offers significant
opportunities for advancing our understanding of mammalian immunology. Antiviral RNAi
represents a genetic pathway for clearing viral infections without necessitating cell death and is
activated immediately upon infection with a specificity programmed in RNA form. Despite these
insights, several crucial questions remain unanswered, including whether antiviral RNAi is active
and essential in adult mammals, which exhibit more robust IFN-dependent antiviral responses
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compared to cultured cells or neonates. The precise role of AGO2 in mediating antiviral defence —
whether through RNA slicing, mRNA degradation, or translational repression —remains unclear, as
does the extent of antiviral RNAi’s prevalence in mammals relative to plants and insects. Unravelling
the mechanisms behind mammalian antiviral responses has led to significant advances in antiviral
therapies, including plant-derived compounds, IFN treatments, CCR5 antagonists, and monoclonal
antibodies. Clarifying the role of small RNA-mediated antiviral immune systems in mammals holds
promise for additional therapeutic successes. Recent progress in the development of mRNA-based
therapies and vaccines, accelerated by the SARS-CoV-2 pandemic, has demonstrated the potential of
small RNAs for future therapeutic applications, overcoming prior limitations in nucleic acid
medicines.
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