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RNase-L is a mediator of type 1 interferon-induced antiviral activity that has diverse and critical cellular roles,
including the regulation of cell proliferation, differentiation, senescence and apoptosis, tumorigenesis, and the
control of the innate immune response. Although RNase-L was originally shown to mediate the endonucleolytic
cleavage of both viral and ribosomal RNAs in response to infection, more recent evidence indicates that RNase-L
also functions in the regulation of cellular mRNAs as an important mechanism by which it exerts its diverse
biological functions. Despite this growing body of work, many questions remain regarding the roles of mRNAs as
RNase-L substrates. This review will survey known and putative mRNA substrates of RNase-L, propose
mechanisms by which it may selectively cleave these transcripts, and postulate future clinical applications.

Introduction

In the decades since its discovery, the role of RNase-L
has expanded far beyond its initial characterization as

part of the interferon (IFN)-regulated antiviral response.
Seminal works have identified additional roles for RNase-
L, including proapoptotic, antiproliferative, anti-bacterial,
and both tumor suppressive and oncogenic activities
(Hassel and others 1993; Castelli and others 1997; Zhou
and others 1997; Carpten and others 2002; Li and others
2008; Chakrabarti and others 2011; Ezelle and Hassel
2012; Long and others 2013). Disruption of the RNASEL
gene in mice and knockdown of its expression in cells
validated these roles for RNase-L; however, the mecha-
nisms by which it mediates these biologic activities have
remained elusive. As RNase-L is thought to exert its ef-
fects in cells through its endonucleolytic cleavage of RNA
substrates, identification of the RNA targets of RNase-L is
essential to dissect its mechanisms of action. With the
exception of ribosomal RNA (rRNA) cleavage, which is
typically associated with widespread RNase-L activation in
apoptotic cells, little is known about the identities of cel-
lular RNase-L substrates. The absence of a definitive
profile of RNase-L target RNAs has prevented the devel-
opment of an activity assay based on substrate cleavage,
which is critical to determine the full spectrum of physi-
ologic and pathologic conditions in which it functions, and
to exploit RNase-L as a potential biomarker and thera-

peutic target. Despite the technical challenges associated
with isolating RNase-L-substrate intermediates, several
transcripts that exhibit RNase-L-dependent regulation have
been reported. In this review, we introduce the biochemical
and biologic activities of RNase-L, evaluate the candidate
RNase-L substrates identified to date, and examine po-
tential mechanisms of substrate targeting. Additionally, we
discuss how these mechanistic insights can be used to
develop RNase-L-directed therapeutic strategies.

RNase-L Activation Through the 2-5A Pathway

RNase-L is the terminal component of the 2-5A system,
an RNA cleavage pathway that mediates the IFN-a/b-
induced antiviral activity. IFN induces the expression of a
family of 2¢,5¢-oligoadenylate synthetases (OAS) that are
activated by double-stranded RNA (dsRNA) to polymerize
ATP into 2-5A [px5¢A(2¢p5¢A)n; x = 1–2; n ‡ 2] (Hova-
nessian 2007; Kristiansen and others 2011). 2-5A binds la-
tent RNase-L monomers to induce its dimerization and
activation (Baglioni and others 1978; Clemens and Williams
1978; Zhou and others 1993; Dong and Silverman 1995)
(Fig. 1A). Mutational and structural analysis revealed that
2-5A binding occurs in the ankyrin repeat domains 2–4 that
are located in the N-terminal portion of RNase-L (Hassel
and others 1993; Dong and others 1997; Nakanishi and
others 2004; Tanaka and others 2004). This interaction leads
to a conformational change that exposes the pseudokinase
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domain within the C-terminal kinase-extension nuclease
domain to permit oligomerization of RNase-L monomers
and expose the ribonuclease domain for enzymatic activity
(Dong and Silverman 1997) (Fig. 1B). Previous studies in-
dicated that activation led solely to RNase-L dimerization;
however, a recent study suggested that RNase-L oligomer-
ization can also occur through a complex of 4 interacting 2-
5A-bound RNase-L monomers with enhanced activity (Han
and others 2012). Activated RNase-L cleaves single-stranded
microbial RNAs, ribosomal RNAs, and mRNAs to mediate
its various biological activities (Floyd-Smith and others
1981; Silverman and others 1983). 2-5A pathway activity is
attenuated by a 2¢-phosphodiesterase (2¢PDE) and cellular
phosphatases that can inactivate 2-5A (Kubota and others
2004). In addition, RNase-L is inhibited by the RNase-L
inhibitor (RLI), and the expression of RNase-L is main-
tained at low basal levels through transcriptional and post-
transcriptional mechanisms in most cell types (Bisbal and
others 1995; Li and others 2000; Zhou and others 2005).
This stringent regulation limits the duration of expression
and activity to protect cells from deleterious effects of
widespread RNase-L activity and indiscriminate RNA
cleavage. Studies to date are consistent with a model in
which RNase-L functions in a post-transcriptional mecha-
nism to rapidly reprogram cellular gene expression in re-
sponse to diverse antiproliferative, immunologic, and
microbial stimuli. RNase-L is thought to mediate these
distinct biologic activities through the regulation of specific
transcript profiles in different physiologic settings. Ac-

cordingly, identification of RNase-L substrates and its
means of target recognition will provide important insights
into the mechanisms underlying RNase-L biologic activities.

RNase-L-Dependent Regulation
of Gene Expression

Microarray analyses by our group and others have iden-
tified distinct RNase-L-regulated transcripts in different bi-
ologic settings (Malathi and others 2005; Li and others
2008; Andersen and others 2009; Domingo-Gil and others
2010). These findings provide evidence that RNase-L has
the capacity to selectively target specific cellular RNAs and
suggest that the context-specific profile of RNase-L targets
is responsible for its diversity of biologic activities. RNase-
L-dependent upregulation and downregulation of cellular
transcripts have been reported and are thought to reflect both
direct and indirect effects of RNase-L on gene expression.
Direct cleavage by RNase-L can result in a downregulation
of a particular mRNA substrate and its encoded protein,
positively or negatively impacting gene expression down-
stream of the cleaved target. For example, if an RNase-L
substrate encodes a regulator of gene expression (eg, tran-
scription factor), its RNase-L-mediated downregulation may
lead to indirect secondary effects because of changes in the
expression of the transcription factor-regulated genes. In-
deed, the RNase-L-dependent induction of transcriptional
signaling through c-Jun N-terminal kinase and extracellular
signal-regulated kinase was reported in prostate cancer cells

FIG. 1. (A) Activation of RNase-L-
mediated cleavage of substrates by the 2-5A
pathway. 2¢PDE, 2¢-phosphodiesterase;
dsRNA, double-stranded RNA; IFN, inter-
feron; p’tase, phosphatase; RLI, RNase-L
inhibitor; ssRNA, single-stranded RNA.
(B) Map of the domains of RNase-L includ-
ing 2-5A binding. KEN, kinase-extension
nuclease.
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(Malathi and others 2005). Endonucleolytic cleavage of
cellular RNAs is typically followed by the rapid degradation
of the cleavage products; thus, RNA cleavage by endonu-
cleases has historically been associated with an increased
turnover of the substrate RNA and downregulation of its
encoded product. In contrast to this paradigm, a subset of
RNase-L-generated cleavage products of hepatitis C virus
(HCV) RNA and unidentified cellular transcripts are sta-
ble, likely because of the presence of extensive secondary
structure (Han and others 2004). These cleavage products
can activate cytosolic retinoic acid-inducible gene 1 (RIG-
I)-like RNA sensors to induce signaling and transcription of
IFN-b, thereby providing a novel mechanism by which
RNase-L indirectly modulates cellular gene expression and
amplifies IFN-induced activities (Malathi and others 2007).
As evidenced by these examples, the selective cleavage of
primary RNase-L substrates can influence gene expression
at multiple levels to exert profound effects on cellular gene
regulatory networks and mediate its biologic functions.
Therefore, it is essential to determine the mechanisms by
which RNase-L targets the cleavage of specific cellular
RNAs to identify strategies that manipulate its activity for
therapeutic applications. As a first step toward dissecting the
mechanisms of RNase-L-substrate targeting, investigators
have focused on identifying direct targets of RNase-L
cleavage. Criteria to evaluate putative RNase-L substrates
include an inverse relationship between RNase-L expression
or activity and steady-state RNA concentration and half-life.
A physical association between RNase-L and a candidate
RNA substrate as analyzed by ribonucleoprotein immuno-
precipitation (RNP-IP) provides further evidence that the
RNA is an authentic RNase-L substrate. Recently developed
technologies that combine RNA–protein interaction-based
screening with deep sequencing [eg, photoactivatable-
ribonucleoside-enhanced crosslinking and immunoprecipi-
tation (PAR-CLIP)] provide a potential strategy to directly
identify candidate substrates that interact with RNase-L and
gain information on the sites of RNase-L–RNA interactions.
Thus far, technical barriers have hampered its immediate
application to the identification of RNase-L substrates
(Kishore and others 2011). Specifically, RNase-L is a low-
abundance protein and antibodies that efficiently immuno-
precipitate endogenous RNase-L are not available; therefore,
screening is limited to cell lines stably transfected with epi-
tope-tagged RNase-L. Furthermore, to efficiently isolate
cellular RNAs that associate with activated RNase-L, cleav-
age of the bound RNA must be inhibited. This presents a
challenge in the case of RNase-L as 2-5A binding, RNase-L
oligomerization/enzyme activation, and RNA cleavage in-
volve overlapping residues and domains (Dong and others
1997). For example, catalytically-deficient mutants of RNase-
L fail to dimerize (K392R; Dong and Silverman 1999) or
form active heterodimers with the native RNase-L (R667A;
Dong and others 2001). Accordingly, these mutants may not
mimic the substrate interaction properties of the native en-
zyme and their use does not represent a practical approach
to stabilize enzyme-substrate interactions. Efforts to identify
RNase-L-associated RNAs have employed conditions in which
RNase-L activity is reduced to inhibit substrate cleavage
(LeRoy and others 2005); in addition, crosslinking has been
used to trap RNase-L catalytic intermediates (Li and others
2007). Using these strategies, specific cellular RNase-L
substrates have been reported; below we evaluate the evi-

dence of their substrate status and describe their proposed
roles in the biologic activities of RNase-L (Table 1).

mRNA stability and translation

Hu-antigen R. Hu-antigen R (HuR) preferentially interacts
with A-U-rich elements (AREs) that are often located in the
3¢-untranslated regions (3¢UTR) of a wide array of labile
mRNAs, including those encoding growth factors, oncogenes,
and cytokines. As an ARE-binding protein (AREBP), HuR
prevents destabilization and promotes translation of a subset
of mRNAs by occluding the binding sites of negative regu-
lators such as miRNAs and other RNA-binding proteins
(RNABPs) (Brennan and Steitz 2001; Mazan-Mamczarz and
others 2003; Galban and others 2008; Trojanowicz and others
2011). The cytoplasmic translocation, post-translational reg-
ulation, and function of HuR are modulated by diverse stimuli
such as insulin, glucose deprivation, UV light, and hypoxia
(Wang and others 2000; Galban and others 2008; Chu and
others 2012; Paukku and others 2012). Overexpression of
RNase-L decreases the expression levels of HuR mRNA and
protein, resulting in a corresponding inhibition of cell prolif-
eration. This effect was dependent upon both cell cycle phases
and the cytoplasmic localization of RNase-L (Al-Ahmadi and
others 2009). In this study, Al Ahmadi and others (2009) also
observed enhanced stability of HuR mRNA in cells lacking
RNase-L by actinomycin-D (act-D) time-course assays in
HeLa cells and mouse embryonic fibroblasts (MEFs). Further
studies verified the interaction of HuR mRNA with RNase-L
by RNP-IP assay in HEK293-T cells (Al-Haj and others
2012). RNase-L-dependent negative regulation, enhanced
mRNA turnover, and interaction with HuR mRNA provide
evidence that HuR is an RNase-L substrate. Additional cell
types and conditions beyond cell cycle regulation remain to be
investigated. Interestingly, RNase-L mRNA is stabilized by
HuR, enhancing RNase-L-mediated antiviral activity (Li and
others 2007). This reciprocal regulation between RNase-L and
HuR suggests that a regulatory network exists that may
function to regulate common biological activities such as cell
proliferation. For example, the RNase-L targeting of HuR,
an RNABP that enhances the expression of cell cycle- and
proliferation-associated proteins, results in the downregulation
of these targets to mediate the antiproliferative activity. As an
HuR target, RNase-L mRNA will be destabilized, resulting in
its own downregulation and subsequent derepression of HuR
expression, completing this regulatory loop.

Tristetraprolin. HuR stabilizes mRNA targets, whereas
tristetraprolin (TTP) recognizes a distinct, but overlapping,
population of ARE mRNA targets to direct their decay. TTP
expression is rapidly and transiently induced by a myriad of
stimuli, including phorbol esters, insulin, serum, lipopoly-
saccharide (LPS), growth factors, and hypoxia (Varnum and
others 1989; DuBois and others 1990; Lai and others 1990;
Nakajima and Wall 1991; Yin and Yang 1993; Fujihara and
others 2003; Ogawa and others 2003; Suzuki and others 2003;
Ross and others 2012). A vast population of transcripts is
targeted by TTP for degradation, including tumor-necrosis
factor-a, cyclooxgenase-2, vascular endothelial growth fac-
tor, granulocyte macrophage colony-stimulating factor, pro-
to-oncogene serine/threonie protein kinase-1, and various
interleukins (Lai and others 1999; Carballo and others 2000;
Sawaoka and others 2003; Suswam and others 2008; Mahat
and others 2012; Ross and others 2012; Brooks and Blackshear
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2013). A recent study by Al-Haj and others (2012) reported
that the expression of RNase-L decreased TTP mRNA
levels in both MEFs and HeLa cells. TTP mRNA was de-
tected in an RNP complex containing RNase-L, indicating
an interaction. Counterintuitively, the authors also found
that TTP mRNA was stabilized when RNase-L was present
in both cell models. Subsequent analysis, however, dem-
onstrated that this phenomenon resulted from elevated levels
of TTP autoregulation; the absence of RNase-L allowed
for increased levels of TTP protein and degradation of its
own mRNA. Experiments in which the 3¢UTR of the TTP
mRNA was removed to prevent TTP autoregulation verified
that RNase-L enhanced TTP mRNA decay. As the expres-
sion and stability of TTP mRNA is transiently induced and
rapidly attenuated, further investigation is required to assess
the role of RNase-L in regulating TTP in basal and induced
conditions. TTP mediates tumor-suppressive activities, in-
cluding enhanced apoptosis and decreased proliferation
(Brennan and others 2009; Ross and others 2012). Given that
the expression of RNase-L correlated to the same phenotypes,
RNase-L-mediated regulation of TTP is predicted to be
transient and condition specific.

Ribosomal proteins. Ribosomal proteins assist in ribosome
structure assembly through interactions with rRNA. These
proteins mediate critical functions in translation regulation and
were identified as potential RNase-L substrates in a study ex-
amining its role in senescence (Andersen and others 2009). A
microarray analysis determined an RNase-L-dependent nega-

tive regulation of several transcripts encoding ribosomal pro-
teins (RP mRNAs), including RPLP0, RPL3, RPL7, RPL41, and
RPS12 mRNAs. The negative regulation following RNase-L
activation, enhanced mRNA half-lives in RNase-L- / - MEFs,
and the presence of these transcripts in an immunoprecipitable
complex with RNase-L provided evidence that these RP
mRNAs are RNase-L substrates. In addition, isoleucyl-tRNA
synthetase mRNA was negatively regulated by RNase-L and
stabilized in the absence of RNase-L. RNase-L-mediated deg-
radation of RP mRNAs may assist in the suppression of trans-
lation that accompanies proliferative arrest in senescent cells.
The impact of RNase-L-dependent regulation of RP mRNAs on
translation in other cellular conditions remains to be examined.
The combination of decreased expression of several RPs and the
RNase-L-mediated cleavage of rRNA would lead to a potent
loss of ribosome function and biogenesis, which would have
drastic effects on cell survival. Interestingly, rRNA cleavage was
not observed following 2-5A-induced senescence and down-
regulation of RP mRNAs, suggesting that targeting RP mRNAs
may result in a limited inhibition of protein synthesis, whereas
rRNA cleavage leads to ribosome dissociation and apoptosis
(Andersen and others 2009).

Differentiation

Myogenic differentiation-1 (MyoD) and myogenin. As a
mediator of antiproliferative activities, numerous reports
have identified roles for RNase-L and 2-5A pathway

Table 1. Criteria and Evidence for Substrate Status of Reported RNase-L Targets

mRNA target Steady-state expression mRNA stability
Physical

association References

mRNA stability
and translation

HuR Decreased with RNase-L
overexpression

Stabilized in RNase-L - / -

cells
RNP-IP Al-Ahmadi and others (2009),

Al-Haj and others (2012)
TTP Increased in RNase-L - / -

cells and decreased with
RNase-L overexpression

Destabilized in RNase-L - / -

cells and stabilized in
RNase-L overexpression

RNP-IP Al-Haj and others (2012)

Ribosomal
proteins

Increased in RNase-L - / -

cells
Destabilized during 2-5A–

RNase-L activation
RNP-IP Andersen and others (2009)

Differentiation
(myogenesis)

MyoD Decreased with RNase-L
overexpression

Stabilized indirectly by
RNase-L activation
through RLI
overexpression

RNP-IP Bisbal and others (2000),
Andersen and others (2009),
Salehzada and others (2009)

Myogenin Decreased indirectly by
RNase-L activation
through RLI
overexpression

— — Bisbal and others (2000)

Stat3,
Hdac5

Decreased with RNase-L
overexpression

Destabilized with RNase-L
overexpression

— Salehzada and others (2009)

Differentiation
(adipogenesis)

Chop-10 Decreased in RNase-L + / +

cells during
differentiation

Destabilized in RNase-L + / +

cells during
differentiation

RNP-IP Fabre and others (2012)

Aebp1 Decreased with RNase-L
overexpression

Destabilized with RNase-L
overexpression

— Salehzada and others (2009)

Interferon-
stimulated
genes

ISG43 Decreased with RNase-L
overexpression

Stabilized in RNase-L - / -

cells
— Li and others (2000)

ISG15 — Stabilized in RNase-L - / -

cells
— Li and others (2000)

PKR Increased in RNase-L - / -

cells
Stabilized in RNase-L - / -

cells
— Khabar and others (2003)

Aebp1, AE-binding protein-1; Chop-10, C/EBP homologous protein-10; HuR, Hu-antigen R; ISG, interferon-stimulated gene; MyoD,
myogenic differentiation 1; PKR, RNA-dependent protein kinase; RLI, RNase-L inhibitor; RNP-IP, ribonucleoprotein immunoprecip-
itation; TTP, tristetraprolin.
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components in cellular differentiation. Accordingly, sev-
eral groups have explored differentiation models to screen
for RNase-L substrates. During the differentiation of
C2C12 mouse myoblasts, the expression of RNase-L and
RLI was sequentially induced (Bisbal and others 2000).
These observations led Bisbal and others (2000) to ma-
nipulate RNase-L activity via ectopic expression of RLI
to assess its role in myogenesis. Overexpression of RLI
decreased RNase-L activity, which corresponded with
an increase in the expression of the muscle regulators,
myogenic differentiation 1 (MyoD) and myogenin. The
knockdown of RLI by siRNA increased RNase-L activ-
ity and led to a decrease in expression and stability of
MyoD mRNA. A separate study, using RNP-IP assays to
detect mRNAs associated with RNase-L, identified MyoD
mRNA in a complex with RNase-L protein (Andersen and
others 2009). Experiments to directly knockdown RNase-L
expression would complement the RLI-targeted approach
and provide additional evidence of its role in myogenesis.
Consistent with the cleavage of MyoD, a master transcrip-
tional regulator, RNase-L profoundly impacts myoblast dif-
ferentiation, likely through indirectly regulating downstream
genes (Salehzada and others 2009). Further investigation into
RNase-L-dependent destabilization of other transcriptional
regulators will provide a better understanding of the extent to
each mechanism accounts for RNase-L-dependent changes
in gene expression.

C/EBP homologous protein-10. C/EBP homologous pro-
tein (Chop)-10, a member of the CCAAT/enhancer-binding
protein family, is involved in terminal adipocyte differen-
tiation and expression of many adipocyte-specific genes
(Tang and Lane 2000). Steady-state Chop-10 mRNA was
unchanged during the differentiation of RNase-L - / - MEFs
into adipocytes. This contrasted with RNase-L + / + MEFs,
where Chop-10 mRNA was markedly decreased by day 6 of
differentiation. RNase-L mediated a decrease in Chop-10
mRNA stability, which was required to direct terminal
adipocyte differentiation, lipid storage, and insulin sensi-
tivity. Chop-10 mRNA was detected in an RNP complex
with RNase-L, indicating interaction and providing further
evidence that Chop-10 mRNA is an RNase-L substrate
(Fabre and others 2012). MyoD and Chop-10 both pro-
mote differentiation, and their regulation by RNase-L
provides a mechanism by which it regulates this process.
Indeed, a study by Salehzada and others (2009) used Serial
Analysis of Gene Expression (SAGE) data analysis to
identify genes downregulated by RNase-L in the myogenic
C2C12 cells and found targets common to both myoblast
and adipocyte differentiation. Inhibition of myogenesis
and increased adipogenesis in C2C12 cells overexpressing
RNase-L could be a result of RNase-L-dependent regula-
tion of the myogenic genes, MyoD, signal transducer and
activator of transcription-3 (Stat3), and histone deacety-
lase-5 (Hdac5), as well as the adipogenic genes, Chop-10
and adipocyte-enhancing binding protein-1 (Aebp1). The
physical association between these transcripts and RNase-
L remains to be determined.

Interferon-stimulated genes

ISG43 and ISG15. IFN-stimulated genes (ISGs) are
transiently induced by IFN and encode proteins that drive
the IFN response in cells. This process is tightly regulated in

order to prevent the deleterious effects of their prolonged
expression (Castelli and others 1997; Sadler and Williams
2008). Li and others (2000) previously reported that RNase-
L increased the mRNA turnover of ISG43 and ISG15
mRNAs. The negative regulation of ISGs by RNase-L was
discovered using an RNase-L-deficient murine neuroblas-
toma cell line, N1E-115. Restoration of RNase-L expression
in this cell line followed by differential display–PCR anal-
ysis found a negatively regulated mRNA that was cloned
and determined to be a 43-kDa ubiquitin-specific protease
(UBP), UBP43, also referred to as ISG43 (Liu and others
1999; Li and others 2000). RNase-L-dependent destabili-
zation of both ISG43 and ISG15 mRNAs was observed
using act-D time-course assays in RNase-L + / + and - / -

MEFs. Additional experiments to verify that these ISGs can
be recovered in an RNP complex with RNase-L need to be
completed to validate these as true RNase-L substrates.
RNase-L regulation of these ISGs may function to attenuate
the IFN response, and loss of RNase-L expression or func-
tion could produce an exaggerated and dangerous response
to IFN.

Double-stranded RNA-dependent protein kinase. Also in-
duced by IFN, RNA-dependent protein kinase (PKR) me-
diates antiviral and antiproliferative responses. PKR acts
as a sensor of dsRNA and functions in numerous roles by
integrating the signaling response to different stimuli, in-
cluding virus, bacteria, growth factors, Toll-like receptor
activation, and cell stress (Stark and others 1998; Williams
2001). The outcomes of PKR induction are a complex
regulation of both transcription and translation to drive an-
tiviral and antiproliferative activities (Garcia and others
2006). The similarities in the activation and the roles for
RNase-L and PKR are interesting because RNase-L targets
PKR mRNA for cleavage (Khabar and others 2003). Khabar
and others (2003) examined PKR as an RNase-L substrate
using RNase-L - / - MEFs to show RNase-L-dependent
negative regulation and enhanced mRNA turnover of PKR
mRNA. To validate PKR mRNA as a true RNase-L sub-
strate, experiments showing interactions such as RNP-IP
assays are necessary. The ultimate consequence of RNase-
L-mediated cleavage of PKR mRNA may be to limit PKR
expression to prevent chronic inflammation.

Potential Mechanisms of RNase-L
Substrate Targeting

Although the RNase-L substrates discussed above encode
mediators of diverse cellular activities, common features of
their regulation may provide clues into the mechanisms by
which they are targeted for cleavage by RNase-L (Table 1).
For example, most of the substrates are transiently expressed
in an inducible manner, suggesting that polysome associa-
tion and active translation may be one feature of RNase-L
targeting; indeed, polysome-associated RNase-L has been
reported (Salehzada and others 1991). The presence of cis-
acting RNA elements that may function in RNase-L tar-
geting has not been examined for any of the reported sub-
strates above; however, the majority of substrates contain
AREs (TTP, HuR, Chop-10, and MyoD), suggesting that
RNase-L may associate with AREBPs as a possible target-
ing mechanism (Ubeda and others 1999; Figueroa and oth-
ers 2003; Brooks and others 2004; Al-Ahmadi and others
2009). In the following sections, we discuss three models
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that incorporate contextual features of RNase-L-dependent
regulation into potential mechanisms of substrate targeting.
These models are not mutually exclusive and aspects of each
one may function alone, or in combination, in cells. This
framework may provide a means to view data from future
studies and generate models that more accurately depict the
mechanism(s) of RNase-L-substrate targeting.

Localized activation model

The production of the RNase-L activator 2-5A by OAS
requires dsRNA and suggests a mechanism by which
RNase-L targets RNAs containing secondary structure that
is sufficient to activate OAS. Specifically, the localized
production of 2–5A is proposed to result in a limited acti-
vation of RNase-L and the selective cleavage of proximal
RNAs (Fig. 2A; Nilsen and Baglioni 1979). This localized

activation and targeting model is consistent with observa-
tions that modulation of RNase-L expression or activity
does not result in global changes to the cellular mRNA
profile. Experiments using synthetic single-stranded RNAs
that contained double-stranded regions showed that they
were preferentially cleaved after IFN induction, suggesting
that an IFN-induced protein locally activated RNase-L-di-
rected cleavage; however, this model requires further testing
with endogenous substrates (Nilsen and Baglioni 1979). As
mentioned previously, several RNase-L substrates contain
AREs that have been observed to form double-stranded re-
gions with hairpin loops (Putland and others 2002; Fialco-
witz and others 2005; Paschoud and others 2006).
Consistent with this targeting model, the cellular levels of 2-
5A seem to reflect the selective capacity of RNase-L. At
low, potentially localized concentrations of 2-5A, RNase-L
reduced viral RNA without degradation of cellular mRNAs
or ribosomal cleavage, whereas higher 2-5A levels produced
widespread degradation of cellular RNAs (Li and others
1998). 2-5A is a rapidly inactivated, short-lived molecule,
which suggests that proximity may be an efficient mecha-
nism for RNase-L targeting. RNA components of the viral
life cycle are thought to provide the activating dsRNA in
infected cells, whereas double-stranded regions within en-
dogenous, cellular RNAs may activate OAS in uninfected
cells. In response to HCV infection, RNase-L cleaves HCV
RNA into 200–500 base fragments at UA and UU dinu-
cleotide sequences within single-stranded (ss) regions of
predicted stem-loop structures (Malathi and others 2010).
Consistent with the idea of RNase-L activation in close
proximity to sites of 2-5A production, the stem-loop struc-
ture of HIV can activate OAS to produce 2-5A (Maitra and
others 1994). RNase-L is also known to cleave encepha-
lomyocarditis virus (EMCV) RNA, and OAS has been
detected in a physical complex with ECMV-replicative
intermediate RNA, providing additional support of the lo-
calized activation model (Gribaudo and others 1991). The
only known cellular activators of OAS to date are the mRNAs
that encode the Raf kinase inhibitor protein and poly(rC)-
binding protein 2; however, it is not known if RNase-L
cleaves these transcripts (Molinaro and others 2006). The
localized activation of RNase-L remains a viable model
for RNase-L-substrate targeting, and the identification of
cellular substrates now permits experiments to directly test
the potential of these transcripts to form double-stranded (ds)
structures capable of activating OAS. Importantly, the ca-
pacity of mRNAs to form ds structures is likely to be dy-
namically regulated by RNABPs, potentially adding another
mechanism to regulate OAS/RNase-L activities.

Ribosome-associated targeting

The localized activation model emphasizes the role of
substrate-associated elements in target selection and provi-
des a means for OAS activation and production of 2-5A;
however, the subcellular sites of RNase-L activation and
substrate cleavage are not addressed. Indeed, while RNase-L
is typically diffusely distributed in the cytosol, it has also been
detected in specific cellular compartments, including mito-
chondria, nucleus, cytoskeleton, and ribosomes (Wreschner
and others 1981a; Silverman and others 1983; Salehzada and
others 1991; Tnani and others 1998; Le Roy and others 2001;
Chase and others 2003). Of these sites, several lines of

FIG. 2. Models of RNase-L substrate targeting. (A) Lo-
calized activation of OAS and RNase-L results in the
cleavage of contiguous or proximal RNAs. OAS, 2¢,5¢-
oligoadenylate synthetase. (B) RNase-L-mediated cleavage
of polysome-bound RNAs via association with eRF3. PABP,
poly-A-binding protein. (C) RNase-L-mediated cleavage is
targeted through its interaction with RNABPs (TTP is shown
as the RNABP in this figure). 3¢UTR, 3¢-untranslated region;
RNABP, RNA-binding protein; TTP, tristetraprolin.
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evidence suggest that polysome-associated RNase-L may be
involved in substrate targeting. The identification of discrete,
RNase-L-generated rRNA cleavage products and the obser-
vation that RNase-L activation could cleave polysome-bound
RNAs to dissociate polysomes suggested that rRNA is an
important target of RNase-L and provided a means to monitor
its activity (Nilsen and others 1981, 1982). However, rRNA
cleavage is typically detected only in the presence of high
levels of 2-5A that are associated with virus infection and
apoptosis. Furthermore, RNase-L-mediated antiproliferative
and antiviral activities can occur in the absence of detectable
rRNA cleavage. Together, these observations suggest that
viral and cellular mRNAs may be the primary targets of
RNase-L, with rRNA cleavage limited to conditions of robust
virus infection and maximal production of 2-5A. Indeed,
degradation of rRNA is an inefficient mechanism to inhibit
translation because of the high energetic cost to re-synthesize
new ribosomes. Accordingly, cells sequester vacant ribosomes
rather than destroying them to reduce protein synthesis in
response to stress (Henras and others 2008; Pisarev and others
2010; Pisareva and others 2011; Nurenberg and Tampe 2013).
It may be that under circumstances of extreme stress, the
higher levels of activated RNase-L drive the cleavage of
rRNA for a final stress response before or during apoptosis.

An alternative to the targeting of ribosome-associated
rRNA is the RNase-L-mediated cleavage of polysome-
bound transcripts. This strategy of targeting polysome-
bound transcripts has been demonstrated for the Polysomal
Ribonuclease-1 endonuclease (PMR-1; Yang and Schoen-
berg 2004). Consistent with this idea, many of the RNase-L
substrates identified to date are transiently expressed and
translated in an inducible manner, suggesting that ribosome
association may be one component of RNase-L substrate
selectivity. However, RNase-L does not cleave all actively
translating RNAs, suggesting that other factors are involved.
In this regard, RLI and eRF3 are ribosome-associated pro-
teins that interact with RNase-L and function in translation
regulation. RLI was isolated in an RNA complex with
RNase-L and determined to be an inhibitor of RNase-L
activity (Bisbal and others 1995). RLI has been implicated
in diverse functions beyond RNase-L inhibition, including
mRNA metabolism, mRNA processing, translation, and ri-
bosome recycling (Dong and others 2004; Kispal and others
2005; Nurenberg and Tampe 2013). eRF3 and eRF1 mediate
translation termination, and the interaction of eRF3 with
poly-A-binding protein (PABP) promotes ribosome re-
cycling. Le Roy and others (2005) demonstrated that RNase-
L competes with PABP for eRF3 binding and that over-
expression or activation of RNase-L functionally inhibited
translation termination. Importantly, eRF3 preferentially
interacted with 2-5A-activated RNase-L, suggesting that the
interaction may serve to direct RNase-L enzymatic activity.
Le Roy and others (2005) propose that the inhibition of
RNase-L activation by ribosome-associated RLI may delay
mRNA cleavage until translation is complete. For example,
release of RLI as the ribosome is separated from mRNA
could assist in mRNA degradation while it is still in a ri-
bosome-associated eRF3 complex (Pisareva and others
2011). Mapping and mutagenesis of RNase-L–eRF3 inter-
action domains may provide reagents to rigorously test this
model.

Related to the idea of ribosome association as a mecha-
nism of RNase-L targeting is the observation that actively

translating RNAs adopt a closed-loop conformation in
which the 3¢UTR forms an exposed loop that may be ac-
cessible to regulatory factors, including RNABPs and en-
doribonucleases (Sonenberg and Dever 2003). The binding
of activated RNase-L to eRF3 could potentially displace
PABP, extend the exposed loop, and provide a section of
mRNA to cleave, thereby disrupting the closed-loop struc-
ture, diminishing translation efficiency and enhancing
mRNA decay (Uchida and others 2002). The prominence of
an exposed-loop structure formed during active translation
is dependent on the length of the 3¢UTR and possible sec-
ondary structure, and represents a potential site of cleavage
by RNase-L (Fig. 2B). This mechanism may provide ac-
cessibility to mRNA targets but not specificity as eRF3 and
RLI function in the termination of all actively translating
ribosomes, so the mechanism that drives the specificity of
RNase-L targeting is not clear. Perhaps, in line with the
localized activation model, specific mRNAs containing
dsRNA regions provide this selectivity. Another possibility
is the interaction of RNase-L with other proteins that could
target specific mRNAs. Indeed, during active translation, the
looped out 3¢UTR of certain mRNAs would contain target
sites for various RNABPs and regulatory RNAs that could
assist or occlude RNase-L-directed RNA cleavage. Testing
the model by examining polysome association of target and
nontarget transcripts in the presence and absence of RNase-
L activation is necessary.

RNABP interaction model

A well-characterized mechanism for cellular mRNA
decay is through RNABPs, particularly AREBPs, that
function to recruit or occlude RNA decay machinery to
promote or inhibit mRNA turnover (Chen and Shyu 1995;
Ross 1995; Guhaniyogi and Brewer 2001). In vitro mapping
studies and analysis of viral RNAs have demonstrated that
RNase-L preferentially cleaves ssRNA after UU and UA
dinucleotides. This overlap in the composition of RNase-L
target sequences and AREBP binding sites suggested that
AREBPs may associate with RNase-L to target the cleavage of
specific transcripts that contain these elements (Floyd-Smith
and others 1981; Wreschner and others 1981a, 1981b) (Fig.
2C). Consistent with this prediction, we determined that the
AREBP, TTP, associates with RNase-L in cells (Fig. 3).
Furthermore, a subset of TTP targets were identified as can-
didate RNase-L substrates, eg, IL-8, HMGA2, and TTP

FIG. 3. Co-immunoprecipitation (IP) of Myc-tagged
RNase-L and FLAG-tagged TTP in 293-T cells using FLAG
and IgG control antibodies.
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mRNAs, supporting a model in which TTP, as well as po-
tentially other RNABPs, may direct RNase-L cleavage
(Brooks and others 2004; Malathi and others 2005; Suswam
and others 2008; Al-Haj and others 2012; Kim and others
2012). In support of a model of RNABP-targeted endo-
nucleolytic cleavage, an interesting and recently characterized
nuclease, Regnase-1, contains both endoribonucleolytic activ-
ity and a domain comprised of a CCCH-type zinc finger
similar to the 2 zinc fingers that mediate binding of TTP to its
ARE mRNA targets (Lee and others 2013a; Uehata and Akira
2013). It is unknown whether Regnase-1 requires additional
factors to recognize substrate mRNAs; however, its domain
structure suggests that Regnase-1 evolved to simultaneously
target and cleave mRNAs, comparable to a 2-step mechanism
of TTP interaction with RNase-L to target the cleavage of
specific substrates. A thorough analysis of mRNAs that are
regulated by both RNase-L and TTP will provide further in-
sights into potential mechanisms involved. Experiments using
recombinant components are required to directly assess the
impact of TTP on RNase-L binding and cleavage of RNAs.
An interaction between RNase-L and RNABPs such as TTP
and eRF3 suggests a mechanism by which RNABPs recruit
RNase-L to cleave specific mRNAs; however, only a subset of
TTP targets exhibit RNase-L-dependent regulation and eRF3
is associated with all actively translating ribosomes, indicating
that additional factors are required to direct RNase-L target
recognition. In this regard, components of RNase-L-targeting
models that invoke localized activation, ribosome association,
and RNABPs may function together to mediate enhanced se-
lectivity. For example, the 3¢UTR structure of several ARE-
containing transcripts can contain stem-loop structures with
double-stranded regions that could potentially activate RNase-
L through the localized activation mechanism (Putland and
others 2002; Fialcowitz and others 2005; Paschoud and others
2006). Furthermore, ribosome-associated OAS has been re-
ported, potentially linking this targeting mechanism to the ri-
bosome (Hovanessian and others 1987).

An overlap of TTP-directed RNase-L targeting and the
ribosomal association model is also plausible; for example,
TTP interacts with PABP, a protein that assists in the
closed-loop structure of translation (Worthington and others
2005). TTP could bind to an ARE in the exposed loop of the
actively translating mRNA, thereby displacing the eRF3–
PABP interaction and potentially allowing RNase-L-
directed cleavage of the mRNA. This scenario would disrupt
the closed-loop structure while rapidly degrading the mRNA
for immediate effects on the translation of select proteins.
AREBPs, including TTP, have also been reported to mod-
ulate translation and may thus interact with RNase-L to
modulate cleavage of ribosome-associated transcripts (An-
derson and Kedersha 2002; Mazan-Mamczarz and others
2003; Qi and others 2012; Tiedje and others 2012). It will be
of great interest to determine if AREBPs form a complex
with RNase-L in the presence of eRF3 and how interactions
of RNase-L with these proteins may affect substrate binding.
Relatedly, eRF3 preferentially interacts with 2-5A-bound
RNase-L (Le Roy and others 2005), yet it is unknown if
RNase-L activation impacts its interaction with TTP. Al-
ternatively, interaction of RNABPs with RNase-L may
function to both activate RNase-L in a 2-5A-independent
manner and mediate substrate specificity. Thus, RNase-
L-interacting RNABPs may modulate its activity in the
absence of 2-5A whereas canonical 2-5A-mediated activa-

tion limited to specific conditions in which OAS is activated
by endogenous or pathogen-derived sources. This intriguing
scenario requires further investigation. A second potential
link between AREBP-directed and ribosome-associated
RNase-L targeting strategies is suggested by the observation
that RNase-L activation, as well as the expression of specific
AREBPs and target RNAs, is induced in response to an
overlapping set of stimuli (eg, IFN and LPS). Thus, the
association of RNase-L and AREBPs with ribosomes, the
coordinate induction of their expression and the targeting of
actively translating mRNAs suggests that ribosomes may be
a key site of RNase-L cleavage. Consistent with a require-
ment for the stringent regulation and transient expression
profile of induced target transcripts, TTP may direct RNase-
L targeting at specific times when immediate decay is
necessary, as endoribonucleolytic decay is thought to be a
more rapid process compared with de-adenylation-depen-
dent decay that typically involves 3¢ deadenylation, 5¢ dec-
apping, and exonucleolytic cleavage (Tomecki and
Dziembowski 2010). Indeed, the inverse regulation of TTP
expression and activation to temporally restrict its activity
following LPS stimulation have been well documented.
Furthermore, an integrated ribosome-targeted mechanism
may clarify how mRNAs are selectively cleaved at lower
concentrations of activated RNase-L, while elevated levels
of 2-5A may flood the system and lead to the cleavage of
proximal rRNA during cellular apoptosis.

Finally, although rRNA cleavage and ribosome dissoci-
ation appear to be energetically unfavorable strategies to
inhibit translation that may be reserved for apoptotic cells, it
is formally possible that the RNABP targeting mechanism
may recruit RNase-L to actively translating targets, but that
the rRNA, rather than the translating mRNA, is the primary
RNase-L target. In this scenario, following rRNA cleavage
the mRNA is released from the ribosome and exposed to
default cellular decay mechanisms. In this manner, RNase-L
would indirectly impact the stability of mRNAs through
cleavage of rRNA in their associated ribosomes. Given that
RNase-L may target only a subset of translating mRNAs, the
rRNA cleavage products resulting from this mechanism may
be below the limits of detection for established rRNA
cleavage assays. Rigorous testing of this and other targeting
models using biochemical approaches with recombinant
components and defined substrates is required.

Future Directions and Clinical Implications

Studies to date have demonstrated that RNase-L can exert
potent effects on the cellular gene expression program to
mediate diverse biologic activities. New technologies (eg,
PAR-CLIP) and developing reagents (eg, a robust panel of
RNase-L antibodies) provide the means to generate a more
comprehensive profile of RNase-L substrates (Kishore and
others 2011). An important question in the application of
such novel screening strategies to identify RNase-L sub-
strates is the choice of experimental system. Thus far, a
determination of the physiologic and pathologic settings in
which RNase-L is thought to mediate critical cellular
functions has relied on studies that correlated phenotypic
changes (eg, antiviral activity, differentiation, apoptosis)
with ectopic overexpression or knockdown of RNase-L in
cultured cells, or RNase-L deficiency in knockout mice.
However, given its established roles in response to diverse
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stimuli (eg, innate immune and antiproliferative signals), it
is likely that RNase-L mediates important functions in a
broader spectrum of physiologic and pathologic settings that
have yet to be tested. For example, RNase-L is thought to
contribute to IFN induction in the contexts of viral and
bacterial infection; therefore, RNase-L may also function in
the numerous biological processes and disease states at-
tributed to type 1 IFNs (Li and others 2000; Bisbal and
others 2007). Determining the impact of RNase-L in type 1
IFN-related pathologies, such as inflammatory and autoim-
mune diseases and intestinal homeostasis, could delineate
novel physiologic and pathologic settings for RNase-L
(Gonzalez-Navajas and others 2012). Similarly, in light of
its established role in the production of the RNase-L acti-
vator 2-5A, conditions in which OAS is dysregulated may
implicate a function for RNase-L as its downstream effector.
For example, OAS is a potential biomarker in systemic lu-
pus erythemasus, because of its increased expression and the
differential expression of specific OAS isoforms (Feng and
others 2006; Ye and others 2007). Conversely, the expres-
sion of OAS is decreased in prostate cancer. A single-
nucleotide polymorphism (SNP) in OAS, already associated
with increased infections, is correlated with increased
incidence of prostate cancer (Mandal and others 2011;
Chaudhary 2012). The downstream loss of RNase-L activity
because of dysregulation of OAS may contribute to these
pathologies. Indeed, mutations linking RNase-L to prostate
cancer have been reported. Specifically, the RNASEL gene
maps to the hereditary prostate cancer 1 (HPC1) allele, and
the germ-line mutation R462Q, which reduces RNase-L
activity, occurs in 13% of prostate cancers (Casey and
others 2002; Xiang and others 2003). In addition, SNPs in
and downstream from the RNASEL gene correlate with in-
creased risk of head and neck, cervical, and breast cancer,
further supporting the necessity to define the roles of RNase-
L activation in these tissues. While a role for xenotropic
murine leukemia virus-related virus in chronic fatigue syn-
drome (CFS) has been disproven (Simmons and others
2011), a truncated version of RNase-L has been associated
with this disease (Shetzline and Suhadolnik 2001). In this
regard, a knock-in strategy to express the truncated form in
mice may help to dissect its contribution to the etiology and
pathogenesis of CFS. Beyond mutations in the RNase-L
gene, the report of its regulation by microRNA-29 revealed
an interesting oncogenic role in chronic myelogenous leu-
kemia (Lee and others 2013b). Finally, our lab has identified
a novel role for RNase-L in response to gastrointestinal in-
jury in a model of colitis using RNase-L-deficient mice
(Long and others 2013). These recent findings suggest that
RNase-L, like other regulators of cell proliferation, may
function in oncogenic or tumor suppressive activities in
distinct contexts; this may reflect different substrate profiles
in these settings, further highlighting the need to define its
targeting mechanism.

A full understanding of the scope of RNase-L biologic
functions is required to assess its potential as a biomarker or
therapeutic target; however, the lack of a means to directly
detect activated RNase-L in cells has hampered our ability
to gain a more complete appreciation of RNase-L functions.
Indeed, analysis of RNase-L substrates as an indirect indi-
cation of activity may provide only a context-specific
readout, and detection of rRNA cleavage is typically limited
to conditions of widespread RNase-L activation. Further-

more, reagents to reliably detect 2-5A at the subnanomolar
levels at which it is present in cells are not available. A
potential approach to measure active RNase-L was sug-
gested by mutational and structural analyses that identified
conformational changes associated with RNase-L activation
(Dong and Silverman 1997; Tanaka and others 2004; Han
and others 2012). These 2-5A-induced alterations are likely
to generate novel epitopes that can be used to produce an-
tibodies that selectively detect the activated enzyme. Al-
though the large-scale production of recombinant RNase-L
has been successfully accomplished only in a few labora-
tories, the production of 2-5A-bound RNase-L antigen is
feasible and likely to yield antisera specific for this form of
the protein (Rusch and others 2001; Pandey and Rath 2004).
Such an activation-state-specific reagent would be invalu-
able for studies of RNase-L activation kinetics and inves-
tigations into the subcellular location and associated protein/
RNA components of the active enzyme. In addition, infor-
mation on RNase-L activation in patient samples will provide
evidence of its potential roles in response to antimicrobial and
cancer chemotherapeutic agents. In view of the potential great
utility of an activation-state-specific antibody, the develop-
ment of strategies for the sensitive detection of RNase-L
activation in vivo is an area of active investigation.

A more comprehensive understanding of the relationship
between RNase-L biologic functions and substrate profile
will be provided by the future studies described above;
however, mechanistic insights into RNase-L substrate tar-
geting and cleavage require a rigorous dissection of an
RNase-L mRNA-ribonucleoprotein (mRNP) complex. Al-
though RNase-L can cleave specific sites in purified viral
RNAs in the absence of accessory factors, it is likely that
RNABPs and potentially regulatory RNAs influence the
cleavage of cellular RNAs by RNase-L in cells. Accord-
ingly, proteomic analysis of proteins that immunoprecipitate
with active RNase-L in cells represents a first approach to
identify components of an RNase-L mRNP complex; the
antisera to activated RNase-L discussed above would be
valuable in this strategy. Subsequent validation of a direct
interaction between RNase-L and putative binding partners
in vitro and mapping of the binding sites will permit mu-
tagenesis to disrupt the interaction and test its functional
significance for target cleavage in cells. In a similar struc-
ture–function approach, deletion analysis of the RNA sub-
strate can be used to identify RNA elements that are
involved in RNase-L recognition and cleavage. The devel-
opment of a cell-free system that recapitulates the selective
RNase-L-dependent regulation of target RNAs would aug-
ment transfection studies to test the roles of specific com-
ponents of an RNase-L mRNP complex. This classical
in vitro approach has been successfully used to dissect the
mechanisms of other endonucleases (e.g. PMR-1, Yang and
Schoenberg 2004) and is necessary to fully elucidate the
requirements for RNase-L-directed cleavage.

To develop RNase-L-directed clinical applications, it is
essential to know the physiologic and pathologic condi-
tions in which RNase-L is active and to identify strategies
to modulate its activity. As discussed above, novel reagents
to detect active RNase-L will provide a more complete
view of its activity profile. Beyond 2-5A activation, post-
translational modifications may modulate RNase-L activity.
The only published modification of RNase-L is the hydroxyl-
ation at asparagine-233 by factor inhibiting hypoxia-inducible
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factor, which indicates a potential role in response to oxygen
signaling (Cockman and others 2009). The RNase-L paralog,
IRE1, undergoes autophosphorylation to induce a conforma-
tional change and unmask the ribonuclease domain (Zhou and
others 2006; Ali and others 2011). Neither kinase activity nor
phosphorylation has been reported for RNase-L; however,
treatment of cells with the phosphatase inhibitor okadaic acid
inhibited 2-5A binding and protein kinase-C activation by
TPA-reduced degradation (Sukumar 1991). Interestingly, a
separate report demonstrated that TPA induced proteasome-
dependent regulation of the RNase-L protein but failed to
detect an ubiquitin-modified form (Chase and others 2003).
These observations suggested that phosphorylation of RNase-L
may function to inhibit activity through protein stability by the
ubiquitin–proteasome pathway as has been observed for other
proteins, but this model has not yet been directly demonstrated.
Alternatively, RNase-L-interacting partners such as TTP, an-
drogen receptor, and RLI can be phosphorylated to modulate
their activities. This modification could provide a potential
mechanism by which phosphorylation indirectly alters the ac-
tivity of RNase-L, but this remains to be validated. The pseu-
dokinase domain of RNase-L has emerged as a critical platform
for modulation of RNase-L activity by 2-5A-induced dimer-
ization and pharmacologic agents (eg, sunitinib) and may me-
diate the interaction of RNase-L with RNABPs to target
substrate cleavage (Fig. 2) (Jha and others 2011). Accordingly,
studies to more precisely map interactions in this region and
determine how manipulation of these interactions impacts sub-
strate binding and cleavage are required. Such studies will pro-
vide data to evaluate strategies that target the pseudokinase
domain as a means to modulate RNase-L activity and function.
In light of our model in which the interaction of RNase-L
with RNABPs targets its cleavage to specific RNAs, thereby
determining the substrate profile and context-specific biologic
activities, it is intriguing to speculate that small molecule ma-
nipulation of RNABP–RNase-L interactions could alter sub-
strate cleavage and direct RNase-L activity for therapeutic
applications. A mechanistic understanding of RNase-L-substrate
targeting will permit rigorous testing of this model and poten-
tially reveal novel clinical applications.
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