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Dear Editor,

We are writing in response to the accompanying letter from 
Zhang and Zhu [1]. We have read their response and under-
stand their perspective; however, we nevertheless main-
tain an optimistic view of the possibilities of microRNA 
(miRNA)-based therapeutics. In our original article, we 
examined the possibilities of SARS-CoV-2 interacting with 
different miRNAs with a forward-looking perspective on 
their therapeutic potential [2]. There are many examples of 
RNA viruses, including coronaviruses, interacting with the 
RNA-silencing pathway through direct or indirect interac-
tions [3–5].

Firstly, it is important to note that miRNAs have been 
shown in multiple instances to be predictive biomarkers for 
human infection, suggesting that perturbations of miRNA 
expression and function are maintained in the clinical dis-
ease [6–9]. These perturbations can act as indications for the 
presence of a pathology or highlight a link to pathogenesis. 
Thus, identifying profiles of miRNAs that are dysregulated 
during diseased states may aid in preclinical efforts or even 
diagnosis of viral infections and other diseases as well as 
inform on therapeutic potential. Therefore, one of our main 
points in our original article is that these interactions are 
likely to be occurring during SARS-CoV-2, as has been 
found with other RNA viruses [2]. In cases where miRNAs 
are being utilized by the virus as host factors that assist the 
virus life cycle, blocking these interactions will restrict the 
virus in a drug-like manner [2]. Furthermore, if the dysregu-
lation in miRNA expression is linked to severity of disease, 
modulating these effects may be lifesaving. Therefore, there 

is justification and a need to further understand these interac-
tions and to maintain hope for successful targeting of these 
virus-induced changes therapeutically. There are many direct 
and indirect methods for miRNA targeting—including the 
delivery of chemically modified miRNA mimics and inhibi-
tors, small molecular inhibitors of specific miRNAs, anti-
miRNA oligonucleotides and molecular sponges [10–14].

While it is true that miRNA therapeutics have not yet 
reached the clinic, we feel that this field is still in its infancy 
compared with more traditional approaches to drug devel-
opment. Our collective understanding of miRNA signaling 
continues to grow and evolve, and with new understand-
ing comes new opportunities. Furthermore, pharmaceuti-
cal industries need time to overcome the technical hurdles 
for implementation of such therapies. The fact that siRNA 
therapeutics are now reaching the clinic is cause for hope 
and optimism [15]. Despite siRNA technology being quite 
well understood and implemented in pre-clinical studies, it 
took more than 10 years to translate that understanding into 
clinical solutions [15]. Because miRNAs have evolved to be 
endogenous signaling molecules that regulate gene expres-
sion, and can target multiple components within the same 
pathway or even multiple related pathways, they can have a 
more pronounced phenotypic effect [16]. In addition, they 
fine-tune endogenous gene expression by regulating feed-
forward and negative-feedback loop mechanisms, where 
the mRNA and the miRNA are being modulated, and that 
allows for endogenous regulation of protein expression lev-
els [16]. This makes their roles more complicated than a 
simple siRNA that may target only one mRNA selectively. 
However, miRNAs as also subject to evolutionary pressure 
and have evolved functions. Thus, mimicking or inhibiting 
that function, we argue, does have therapeutic potential.

We agree that there are more challenges to developing 
therapeutics that target or mimic miRNAs; however, this 
does not mean we should not try to do so. One can argue 
that the most effective drugs currently used in the clinic do 
in fact target several components within the same cellular 
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signal transduction pathway. Thus, the selectivity profile of 
some small-molecule drugs make them more desirable due 
to their efficiency, potency and effectiveness [17]. Many of 
these pharmacologically designed small-molecule drugs act 
to modulate several protein targets rather than a single target 
to give rise to a more pronounced phenotype. Since miR-
NAs have evolved to target multiple proteins within a given 
pathway, this provides support for miRNA-based therapeu-
tics [17]. Another example that highlights the potential of 
miRNA-based therapeutics in infectious disease is inhibiting 
miR-122-hepatitis C virus (HCV) interactions. Miravirsen 
and RG-101 are anti-miR122 oligonucleotides that have 
been found, through phase 1 and phase 2 clinical trials, to 
decrease HCV RNA levels in chronic HCV patients. These 
clinical trials should provide hope for targeting miRNA-
mediated virus-host interactions [18, 19]. However, each 
miRNA will have its own unique set of challenges. While 
Zhang and Zhu are correct in stating that miRNA-based 
therapeutics are immature and difficult to administer, these 
are technical challenges that can be overcome through inno-
vation [1].

In our original article we considered the therapeutic 
potential of miRNAs in the context of blocking virus propa-
gation generally, and we did not discuss how these targets 
might translate into clinical solutions [2]. Discovering that 
miRNA can be pro- or antiviral through the use of antago-
nists or mimics is the initial step in the pre-clinical journey. 
The ability to directly target a given miRNA depends on its 
evolved function. Where miRNAs function as cellular signal 
transducers, the delivery of miRNA mimics or inhibitors 
may offset the effects of the virus without having major off-
target effects. If done correctly, this would simply reverse 
the virus-induced effects and lead to an antiviral state in the 
infected cell. Other technical challenges include delivery to 
the site of infection and dosing to maintain an ideal mRNA-
miRNA ratio [20, 21]. Furthermore, as pointed out in our 
original article, indirect approaches can be used where small 
molecules are utilized to inhibit the miRNA or its targets 
[10, 14, 22].

In our original manuscript we really focused on pre-
clinical studies to identify host factors that may restrict or 
enhance SARS-CoV-2 replication. We concede the point that 
therapeutics based on miRNAs will not be an easy path and 
we recognize that there are many challenges to getting drugs 
of this class into the clinic. However, similar targets that 
regulate signal transduction are now being routinely targeted 
by small molecules, biologics and even siRNAs [15]. The 
technical hurdles in these other instances have been over-
come by innovations in both academia and industry. Thus, 
there is hope that the technical hurdles will also be overcome 
for the targeting of miRNAs. We have considered the case 
where miRNAs are being modulated by the virus to create 
a pro-viral state in infected lung tissue. If miRNA signaling 

is being modulated directly by viral infection, then targeting 
the miRNA with mimics or inhibitors ideally restores the 
normal cellular condition and an antiviral state may then 
be established. The argument around off-target effects is 
important to consider; however, if a virus like SARS-CoV-2 
is dysregulating an miRNA to a significant extent, it will 
dysregulate all the targets of the miRNA. Simply revers-
ing this should not be a major cause for concern so long as 
the therapy it delivered specifically to the site of infection 
and dosed correctly. Furthermore, miRNAs can be used in 
combination with other therapeutics. For these reasons, we 
maintain our optimistic view of the potential for miRNA-
based therapeutics.

Finally, we can draw analogies to the influenza pandemic 
of 1918. That pandemic involved an H1N1 influenza strain 
that still plagues the world today, re-emerging from time to 
time (most recently in 2009). Both vaccination and clinical 
treatments are useful in saving lives for this virus [23, 24]. 
It may turn out to be the case for SARS-CoV-2 that this 
strain also continues to reappear. If this is the case, then re-
emerging societal challenges will parallel the instances of 
re-emergence. Thus, longer-term efforts to combat the virus 
through different means will be valuable to save lives, espe-
cially for variants that may emerge in the future. We main-
tain an optimistic view that miRNAs can be drug targets and 
therapies around miRNAs, although technically challenging, 
still hold promise.
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