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Abstract: RNA interference (RNAi) represents a novel approach for alternative antiviral therapy.
However, issues related to RNA delivery and stability have presented serious obstacles for obtaining
good therapeutic efficacy. Viral vectors are capable of efficient delivery of RNAi as short interfering
RNA (siRNA), short hairpin RNA (shRNA) and micro-RNA (miRNA). Efficacy in gene silencing
for therapeutic applications against viral diseases has been demonstrated in various animal models.
Rotavirus (RV) miR-7 can inhibit rotavirus replication by targeting the RV nonstructural protein
5. Viral gene silencing by targeting the RNAi pathway showed efficient suppression of hepatitis B
virus replication by adeno-associated virus (AAV)-based delivery of RNAi hepatitis B virus (HBV)
cassettes. Hepatitis C virus replication has been targeted by short hairpin RNA molecules expressed
from lentivirus vectors. Potentially, RNAi-based approaches could be suitable for antiviral drugs
against COVID-19.
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1. Introduction

Although the first antiviral drug against herpes simplex virus, idoxuridine, has been on the
market since 1963, not too many efficient antiviral drugs have been developed during the past 60 years.
There is, however, an urgent need for novel antiviral drugs, particularly due to the current devastating
COVID-19 pandemic [1]. Gene silencing, particularly the application of RNA interference (RNAi),
has presented a novel alternative approach for drug development. Although originally discovered
in plants and Caenorabditis elegans worms, the phenomenon was later confirmed to occur in higher
organisms including humans [2]. The mechanism of gene silencing can take place either through
mRNA degradation or suppression and can be executed by small interfering RNA (siRNA), short
hairpin RNA (shRNA) and micro-RNA (miRNA) [3]. One attractive feature of RNAi relates to its
reversible function, providing only transient therapeutic efficacy due to the sensitivity of RNA to
degradation, which supports application for treatment of acute but not chronic diseases. However,
the enthusiasm for RNAi technology has been hampered by stability issues, RNA being sensitive to
degradation, and complications of efficient delivery. In this context, viral vectors have proven efficient
as delivery vehicles and especially self-replicating RNA viral vectors can provide additional efficacy
through high-level cytoplasmic RNA amplification [4]. The current Special Issue on RNAi for Antiviral
Therapy consists of an overview on the application of viral vectors for RNAi-based antiviral therapy [5],
miRNA-based inhibition of rotavirus replication [6], a review on the suppression of hepatitis B virus
(HBV) replication [7], and lentivirus-based shRNA targeting hepatis C virus (HCV) replication [8].
Therefore, it is justified to briefly present the essential elements for RNAi therapy, which relate to
bioinformatics as a tool for target selection, vector engineering to provide more efficient and safer viral
vectors and delivery-related issues to provide both a high safety standard and therapeutic efficacy.
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The progress and problems related to viral vector-based RNAi antiviral therapy are also discussed
here, and a summary of the recent findings described in the Special Issue is included.

2. Gene Silencing of Viral Replication—Progress and Problems

The important role of bioinformatics in RNAi-based antiviral drug development can be exemplified
by targeting of the HIV transactivating response region [9], and information on experimentally tested
siRNA/shRNA sequences [10]. Moreover, siRNAs targeting the conserved regions of HIV, HCV,
influenza virus and SARS-CoV have been designed [11]. Although bioinformatics can provide an
excellent approach for prediction and in silico testing of siRNA efficacy prior to in vitro and in vivo
studies, the RNA structure might impose restrictions for RNA-based therapy against HCV due to the
properties of the HCV genome from primary sequence to tertiary structure [12].

RNA delivery has been hampered not only by degradation issues but also by the challenges
related to cellular uptake due to the negatively charged cellular bilayer and RNA itself [13]. To prevent
RNA degradation, lipids, cell-penetrating peptides and extracellular vesicles have been used for RNA
delivery, including siRNA molecules [14,15]. Alternatively, viral vectors such as adenovirus (Ad),
adeno-associated virus (AAV), retroviruses, lentiviruses [5] and self-replicating rhabdoviruses and
alphaviruses [4] have been applied. However, viral vectors have their shortcomings. For instance,
AAV administration has been associated with pre-existing immunity, leading to short-lived transgene
expression after AAV re-administration. To address this problem, different AAV serotypes have
been used for consecutive administrations [16] or alternatively by AAV capsid re-engineering [17].
Another issue relates to the cytopathogenicity of some viral vectors. For instance, alphaviruses cause a
shut-down of host cell protein synthesis and induce apoptosis in infected mammalian cells leading to
reduced therapeutic efficacy, which has been addressed by engineering non-cytopathogenic mutant
vectors [18]. In the context of applying HIV-1 vectors for anti-HIV shRNA and miRNA delivery,
the titers might be severely impaired due to the potential targeting of HIV-derived sequences resulting
in a compromised therapeutic efficacy [19]. To address the problem, shRNAs can be produced to
saturate the RNAi pathway or siRNAs/shRNAs targeting Dicer or Drosha can be applied. Alternatively,
shRNA sequences deleted from the lentivirus vector can be selected, a human codon-optimized
HIV-1 gag-pol vector can prevent shRNA targeting, or other types of lentiviruses such as HIV-1,
simian immunodeficiency virus (SIV), feline immunodeficiency virus (FIV), bovine immunodeficiency
virus (BIV) or equine infectious anemia virus (EIAV) can be utilized.

3. The Potential for Antiviral Drugs

RNAi-based gene silencing has been applied for Ad vectors targeting the mosquito-borne
flavivirus Tembusu virus (TMUV) E and NS5 genes resulting in efficient down-regulation of TMUV
RNA replication and virus production in Vero cells lasting for at least 96 h [20]. Ad-based efficient
silencing of HBV replication was achieved by the delivery of artificial antiviral primary miRNAs
(pri-miRNAs) [21], which was further improved to 94% inhibition in mice after an insertion of
the liver-specific murine transthyretin (MTTR) promoter into the Ad vector [22]. Moreover, in the
Special Issue, van den Berg and co-workers review RNAi-based gene silencing describing the RNAi
pathway, RNAi activators, the design or synthetic siRNAs and chemical modifications to tackle HBV
replication [7]. Furthermore, the potential of RNAi-based targeting of HBV covalently closed circular
DNA (cccDNA) with various nonviral and viral vectors to suppress HBV replication is discussed.
In the context of viral vector-based delivery, the transduction of liver cells is essential for HBV silencing.
Ad vectors generally provide short-term expression and lentiviruses have demonstrated a low efficiency
of hepatocyte transduction and issues related to oncogene activation after chromosomal integration
have occurred. In contrast, AAV has emerged as a good candidate, especially the hepatotropic AAV8
serotype [23]. Self-complementary AAVs (scAAVs) provide faster transgene expression and have been
shown to be suitable for the delivery of anti-HBV RNAi expression cassettes. The delivery of a single
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dose of 1 × 1011 scAAV8-anti-HBV copies inhibited HBV replication in transgenic mice for at least
10 months [24].

In another approach in the Special Issue, Eldabawy and co-workers engineered a novel JFH1-based
HCV subgenomic replicon double reporter cell line for antiviral drug testing [8]. It allowed the rapid
quantification of cell growth, viability, and HCV RNA replication. Application of lentivirus vectors
expressing single, double or triple cassettes containing shRNAs targeting conserved HCV sequences
and cellular factors involved in HCV replication resulted in reduced HCV replication. Stronger antiviral
activity was observed for shRNAs targeting HCV sequences. In the case of anti-rotavirus drugs,
miR-7 was shown to inhibit rotavirus replication by down-regulation of the expression of rotavirus
nonstructural protein 5 (NSP5) [6]. Furthermore, the antiviral effect of miR-7 was demonstrated in a
diarrhea suckling mouse model leading to the inhibition of rotavirus replication.

Related to self-replicating RNA viruses, six tandem targets for the neuron-specific miR124
sequences were introduced at the junction between the nonstructural protein genes nsP3 and nsP4 of
the oncolytic replication-competent Semliki Forest virus (SFV) SFV4 vector [25]. BALB/c mice were
intraperitoneally injected with SFV4-miRT124, which resulted in attenuated spread in the CNS and
increased oncolytic activity in mouse CT-2A astrocytoma cells and human glioblastoma cell lines [26].
Additionally, SFV4-miRT124 was amplified in tumors and significantly inhibited tumor growth after a
single intraperitoneal injection of C57BL/6 mice with orthotopic CT-2A gliomas. Moreover, miR124,
miR125 and miR134 were introduced into the SFV4 vector, which prolonged survival and provided a
cure in four out of eight A7J mice implanted with NXS2 neuroblastoma xenografts [27].

The current COVID-19 pandemic has also accelerated investigations into the potential application
of RNAi strategies for antiviral therapy. Previously, four miRNAs and five siRNAs have been designed
by computational calculations to target the ORF1ab region of the Middle East Respiratory Syndrome-
Coronavirus (MERS-CoV) [28], providing the means for the potential inhibition of MERS-CoV replication
although no wet-lab experiments have been carried out yet. However, the potential of the RNAi-based
inhibition of coronavirus replication was demonstrated for porcine deltacoronavirus (PDCoV) by
targeting the PDCoV M and N genes with plasmid-based shRNAs [29]. Plasmid transfection of swine
testicular (ST) cells with M-shRNAs reduced PDCoV titers by 13.2-fold and viral RNA by 45.8%.
Similarly, N-shRNA treatment resulted in a 32.4-fold decrease in titers and 56.1% reduction in RNA
levels. Related to COVID-19, nine potential siRNAs targeting SARS-CoV-2 ORF1ab, ORF3a, S, M and N
have been designed, ready for evaluation in cell lines and animal models [30]. Moreover, the 5’ end
untranslated region (UTR) has been indicated as a target for noncoding RNAs and miRNA binding
sites have been identified as suitable for the design of RNA-based drugs against SARS-CoV-2 [31].

4. Conclusions and Future Aspects

As can be read in the Special Issue on RNAi Interference for Antiviral Therapy and in the
accumulated literature on the topic, RNAi has already been frequently used to target viral diseases.
A number of examples have been presented on siRNA, shRNA and miRNA approaches leading to
reduced viral titers and viral RNA levels. Specifically, it has been demonstrated for miRNAs targeting
rotaviruses [6], for RNAi cassettes targeting HBV [7,24] and not the least the potential of developing
RNAi-based antivirals for COVID-19 [30,31]. Interestingly, combinatorial lentivirus vectors expressing
anti-HCV shRNAs have been engineered for the inhibition of HCV replication [8].

In general, RNAi-based therapeutics have strongly relied on nonviral delivery rather than
applying viral vectors. Although delivery and stability issues have negatively affected the therapeutic
efficacy, modifications of the 5’ 7-methylguanosine triphosphate (m7 G) cap structure, the poly (A)
tail, the 5’ and 3‘end UTRs, and nanoparticle formulations based on liposomes, polymers, and hybrid
lipid–polymers have provided substantial improvements. In this context, although not an antiviral
drug, the RNAi-based ONPATTROTM (patisiran) was approved in August 2018 by the FDA for the
treatment of polyneuropathy of hereditary transthyretin-mediated amyloidosis (hATTR) in adults [32].
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In the context of viral vector-based RNAi therapy, the superior delivery and the unmatched
expression levels are features making viral vectors superior. Particularly, self-replicating RNA viruses,
which can be delivered as replication-deficient or -proficient particles, RNA replicons or DNA replicon
plasmids, generate up to 200,000-fold RNA amplification in the cytoplasm of infected cells, resulting in
unprecedented transgene expression levels. Naturally, administration of viral particles always needs
to be applied under the highest possible safety conditions, which has triggered extensive research
and the development of safer viral vectors. However, other issues of concern for viral vector-based
RNAi therapy have been off-target effects of siRNA, which can lead to altered expression profiles
of nontargeted transcripts [33] and the inhibition of protein translation resulting in nonspecific
degradation [34]. Moreover, application of lentiviral vectors for RNAi-based HIV replication can lead
to self-targeting, which might severely compromise the therapeutic efficacy as described above [19].

To end on a positive note, viral vector-based RNAi therapy for antiviral drugs has definitely
showed some genuine promise as can be seen from the reviews and research articles in the Special Issue
on RNAi Interference for Antiviral Therapy. The current COVID-19 pandemic has further accelerated
antiviral drug development, which by taking the approach of “leaving no stone unturned” has also
encouraged approaches of viral vector-based RNAi therapy against SARS-CoV-2. So, to answer the
question of whether viral vectors are any good for RNAi antiviral therapy, we definitely are moving in
that direction although we are not there, yet.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

References

1. Lundstrom, K. Coronavirus Pandemic—Therapy and Vaccines. Biomedicines 2020, 8, 109. [CrossRef] [PubMed]
2. Lee, R.C.; Ambros, V. An extensive class of small RNAs in Caenorhabditis elegans. Science 2001, 294, 862–864.

[CrossRef] [PubMed]
3. Moore, C.B.; Guthrie, E.H.; Huang, T.-Z.; Taxman, D.J. Short hairpin RNA (shRNA): Design, delivery and

assessment of gene knockdown. Methods Mol. Biol. 2010, 629, 141–158. [CrossRef] [PubMed]
4. Lundstrom, K. Self-amplifying RNA viruses as RNA vaccines. Int. J. Mol. Sci. 2020, 21, 5130. [CrossRef]
5. Lundstrom, K. Viral Vectors Applied for RNAi-based Antiviral Therapy. Viruses 2020, 12, 924. [CrossRef]
6. Zhou, Y.; Chen, L.; Du, J.; Hu, X.; Xie, Y.; Wu, J.; Lin, X.; Yin, N.; Sun, M.; Li, H. MicroRNA-7 Inhibits

Rotavirus Replication by Targeting Viral NSP5 In Vivo and In Vitro. Viruses 2020, 12, 209. [CrossRef]
7. Van den Berg, F.; Limani, S.W.; Mnyandu, N.; Maepa, M.B.; Ely, A.; Arbuthnot, P. Advances with RNAi-based

Therapy for Hepatitis B Virus Infection. Viruses 2020, 12, 851. [CrossRef]
8. Elbadawy, H.M.; Abdul, M.I.; Aljuhanii, N.; Vittiello, A.; Ciccarese, F.; Abouzied, M.M.; Shehata, A.M.;

Shaker, M.A.; Eltahir, E.M.; Palu, G.; et al. Generation of combinatorial lentiviral vectors expressing multiple
anti-hepatitis C virus shRNAs and their validation on a novel HCV replicon double reporter cell line. Viruses
2020, 12, 1044. [CrossRef]

9. Leonard, J.N.; Schaffer, D.V. Computational design of antiviral RNA interference strategies that resist human
immunodeficiency virus escape. J. Virol. 2005, 79, 1645–1654. [CrossRef]

10. HIVsirDB. Available online: http://crdd.osdd.net/raghava/hivsir (accessed on 13 October 2020).
11. Amarzguioui, M.; Prydz, H. An algorithm for selection of functional siRNA sequences. Biochem. Biophys.

Res. Commun. 2004, 316, 1050–1058. [CrossRef]
12. Gomez, J.; Nadal, A.; Sabariegos, R.; Beguiristain, N.; Martell, M.; Piron, M. Three properties of the hepatitis

C virus RNA genome related to antiviral strategies based on RNA-therapeutics: Variability, structural
conformation and tRNA mimicry. Curr. Pharm. Des. 2004, 10, 3741–3756. [CrossRef] [PubMed]

13. Chen, X.; Mangala, L.S.; Rodriguez-Aguayo, C.; Kong, X.; Lopez-Berestein, G.; Sood, A.K. RNA interference-based
therapy and delivery systems. Cancer Metastasis Rev. 2018, 37, 107–124. [CrossRef] [PubMed]

14. Layek, B.; Lipp, L.; Singh, J. Cell Penetrating peptide conjugated chitosan for enhanced delivery of nucleic
acid. Int. J. Mol. Sci. 2015, 16, 28912–28930. [CrossRef]

http://dx.doi.org/10.3390/biomedicines8050109
http://www.ncbi.nlm.nih.gov/pubmed/32375268
http://dx.doi.org/10.1126/science.1065329
http://www.ncbi.nlm.nih.gov/pubmed/11679672
http://dx.doi.org/10.1007/978-1-60761-657-3_10
http://www.ncbi.nlm.nih.gov/pubmed/20387148
http://dx.doi.org/10.3390/ijms21145130
http://dx.doi.org/10.3390/v12090924
http://dx.doi.org/10.3390/v12020209
http://dx.doi.org/10.3390/v12080851
http://dx.doi.org/10.3390/v12091044
http://dx.doi.org/10.1128/JVI.79.3.1645-1654.2005
http://crdd.osdd.net/raghava/hivsir
http://dx.doi.org/10.1016/j.bbrc.2004.02.157
http://dx.doi.org/10.2174/1381612043382675
http://www.ncbi.nlm.nih.gov/pubmed/15579068
http://dx.doi.org/10.1007/s10555-017-9717-6
http://www.ncbi.nlm.nih.gov/pubmed/29243000
http://dx.doi.org/10.3390/ijms161226142


Viruses 2020, 12, 1189 5 of 6

15. O’Loughlin, A.J.; Mager, I.; de Jong, O.G.; Varela, M.A.; Schiffelers, R.M.; El Andaloussi, S.; Wood, M.J.A.;
Vader, P. Functional delivery of lipid-conjugated siRNA by extracellular vesicles. Mol. Ther. 2017, 25,
1580–1587. [CrossRef] [PubMed]

16. Mingozzi, F.; High, K.A. Immune responses to AAV vectors: Overcoming barriers to successful gene therapy.
Blood 2013, 122, 23–36. [CrossRef]

17. Fitzpatrick, Z.; Leborgne, C.; Barbon, E.; Masat, E.; Ronziti, G.; van Wittenberghe, L.; Vignaud, A.; Collaud, F.;
Charles, S.; Sola, M.; et al. Influence of Pre-existing Anti-Capsid Neutralizing and Binding Antibodies on
AAV Vector Transduction. Mol. Ther. 2018, 9, 119–129. [CrossRef] [PubMed]

18. Lundstrom, K.; Abenavoli, A.; Malgaroli, A.; Ehrengruber, M.U. Novel Semliki Forest virus vectors with
reduced cytotoxicity and temperature sensitivity for long-term enhancement of transgene expression.
Mol. Ther. 2003, 7, 202–209. [CrossRef]

19. Ter Brake, O.; Berkhout, B. Lentiviral vectors that carry anti-HIV shRNAs: Problems and solutions. J. Gene Med.
2007, 9, 743–750. [CrossRef] [PubMed]

20. Wang, H.; Feng, Q.; Wei, L.; Zhuo, L.; Chen, H.; Diao, Y.; Tang, Y. Significant inhibition of Tembusu virus
envelope and NS5 gene using an adenovirus-mediated short hairpin RNA delivery system. Infect. Genet. Evol.
2017, 54, 387–396. [CrossRef] [PubMed]

21. Ibrisimovic, M.; Kneidinger, D.; Lion, T.; Klein, R. An adenoviral vector-based expression and delivery
system for the inhibition of wild-type adenovirus replication by artificial miRNAs. Antivir. Res. 2013, 97,
10–23. [CrossRef] [PubMed]

22. Mowa, M.B.; Crowther, C.; Ely, A.; Arbuthnot, P. Efficient silencing of hepatis B by helper-dependent
adenovirus vector-mediated delivery of artificial antiviral primary micro RNAs. Microrna 2012, 1, 19–25.
[CrossRef] [PubMed]

23. Castle, M.J.; Turunen, H.T.; Vandenberghe, L.H.; Wolfe, J.H. Controlling AAV Tropism in the Nervous System
with Natural and Engineered Capsids. Methods Mol. Biol. 2016, 1382, 133–149. [CrossRef] [PubMed]

24. Maepa, M.B.; Ely, A.; Grayson, W.; Arbuthnot, P. Sustained Inhibition of HBV Replication In Vivo after
Systemic Injection of AAVs Encoding Artificial Antiviral Primary MicroRNAs. Mol. Ther. Nucleic Acids 2017,
7, 190–199. [CrossRef] [PubMed]

25. Ylosmaki, E.; Martikainen, M.; Hinkkanen, A.; Saksela, K. Attenuation of Semliki Forest virus neurovirulence
by microRNA-mediated detargeting. J. Virol. 2013, 87, 335–344. [CrossRef]

26. Martikainen, M.; Niittykoski, M.; von und zu Frauenberg, M.; Immonen, A.; Koponen, S. MicroRNA-attenuated
clone of virulent Semliki Forest virus overcomes antiviral type I interferon in resistant mouse CT-2A glioma.
J. Virol. 2015, 89, 10637–10647. [CrossRef]

27. Ramachandran, M.; Yu, D.; Dyczynski, M.; Baskaran, S.; Zhang, L.; Lulla, A.; Lulla, V.; Saul, S.; Nelander, S.;
Dimberg, A.; et al. Safe and effective treatment of experimental neuroblastoma and glioblastoma using
systemically delivered triple microRNA-detargeted Oncolytic Semliki forest virus. Clin. Cancer Res. 2017, 23,
1519–1530. [CrossRef]

28. Sohrab, S.S.; El-Kafrawy, S.A.; Mirza, Z.; Kamal, M.A.; Azhar, E.I. Design and delivery of therapeutic siRNAs:
Application of MERS-Coronavirus. Curr. Pharm. Des. 2018, 24, 62–77. [CrossRef]

29. Gu, W.Y.; Li, Y.; Liu, B.J.; Wang, J.; Yuan, G.F.; Chen, S.J.; Zuo, Y.Z.; Fan, J.H. Short hairpin RNAs targeting
M and N genes reduce replication of porcine deltacoronavirus in ST cells. Virus Genes 2019, 55, 795–801.
[CrossRef]

30. Chen, W.; Feng, P.; Liu, K.; Wu, M.; Lin, H. Computational identification of small RNA targets in SARS-CoV-2.
Virol. Sin. 2020, 35, 359–361. [CrossRef]

31. Baldassarre, A.; Paolini, A.; Bruno, S.P.; Felli, C.; Tozzi, A.E.; Masotti, A. Potential use of noncoding RNAs
and innovative therapeutic strategies to target the 5’UTR of SARS-CoV-2. Epigenomics 2020, 12, 1349–1361.
[CrossRef]

32. Weng, Y.; Xiao, H.; Zhang, J.; Liang, X.-J.; Huang, Y. RNAi Therapeutic and Its Innovative Biotechnological
Evolution. Biotechnol. Adv. 2019, 37, 801–825. [CrossRef] [PubMed]

33. Tiemann, K.; Rosso, J.J. RNAi-based therapeutics-current status, challenges and prospects. EMBO Mol. Med.
2009, 1, 142–151. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.ymthe.2017.03.021
http://www.ncbi.nlm.nih.gov/pubmed/28392161
http://dx.doi.org/10.1182/blood-2013-01-306647
http://dx.doi.org/10.1016/j.omtm.2018.02.003
http://www.ncbi.nlm.nih.gov/pubmed/29766022
http://dx.doi.org/10.1016/S1525-0016(02)00056-4
http://dx.doi.org/10.1002/jgm.1078
http://www.ncbi.nlm.nih.gov/pubmed/17628029
http://dx.doi.org/10.1016/j.meegid.2017.08.001
http://www.ncbi.nlm.nih.gov/pubmed/28780191
http://dx.doi.org/10.1016/j.antiviral.2012.10.008
http://www.ncbi.nlm.nih.gov/pubmed/23127366
http://dx.doi.org/10.2174/2211536611201010019
http://www.ncbi.nlm.nih.gov/pubmed/25048086
http://dx.doi.org/10.1007/978-1-4939-3271-9_10
http://www.ncbi.nlm.nih.gov/pubmed/26611584
http://dx.doi.org/10.1016/j.omtn.2017.04.007
http://www.ncbi.nlm.nih.gov/pubmed/28624194
http://dx.doi.org/10.1128/JVI.01940-12
http://dx.doi.org/10.1128/JVI.01868-15
http://dx.doi.org/10.1158/1078-0432.CCR-16-0925
http://dx.doi.org/10.2174/1381612823666171109112307
http://dx.doi.org/10.1007/s11262-019-01701-y
http://dx.doi.org/10.1007/s12250-020-00221-6
http://dx.doi.org/10.2217/epi-2020-0162
http://dx.doi.org/10.1016/j.biotechadv.2019.04.012
http://www.ncbi.nlm.nih.gov/pubmed/31034960
http://dx.doi.org/10.1002/emmm.200900023
http://www.ncbi.nlm.nih.gov/pubmed/20049714


Viruses 2020, 12, 1189 6 of 6

34. Jackson, A.L.; Burchard, J.; Schelter, J.; Chau, B.N.; Cleary, M.; Lim, L.; Linsley, P.S. Widespread siRNA
‘off-target’ transcript silencing mediated by seed region sequence complementarity. RNA 2006, 12, 1179–1187.
[CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1261/rna.25706
http://www.ncbi.nlm.nih.gov/pubmed/16682560
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Gene Silencing of Viral Replication—Progress and Problems 
	The Potential for Antiviral Drugs 
	Conclusions and Future Aspects 
	References

