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Viruses impose significant selective pressure 
on their host 







The continual threat of emerging pathogens 
demands the capacity to study them 



There is a growing concern and mistrust of the 
public concerning this type of research 
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Antiviral defense evolution:   
new viruses = new defenses 



Eukaryotes needed a defense for RNA pathogens 

Bacteriophage 
DdRp  RdRp 

The RNAi Machinery  
 



The evolution of small RNA-mediated defenses 
emerged in all three domains of life 

Eukaryotes Bacteria Archaea 



Antiviral defenses of arthropods  – RNA targeting 
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CRISPR 

Virus expansion and defense modifications: 
Beyond plants and insects 

RNAi 

DNA viruses 

+sense RNA 
viruses 
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Chordates invent a new defense for both DNA and 
RNA viruses by repurposing TLRs  

     

     

Adapted from Leulier and Lemaitre,  
Nature Reviews Genetics 2008  

Effector Proteins 



TLRs and the emergence of the Interferon system 



The mammalian response to virus infection 



Loss of RNAi did not mean the loss of small 
RNA-mediated regulation 

Small RNA-mediated  
trancriptional control 

Antiviral RNAi 
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Small RNA usage in eukaryotes 

microRNAs Antiviral RNAi 



microRNA biology  

(stochiometric repression) 



Consequences of complementarity:   
Potent silencing of a single target vs. fine-tuning of 1000s 

~50 DE genes ~1000 DE genes 

Days post miRNA depletion 

~500 DE genes 

Day One 

~80 DE genes 

Day Four Day Nine Day Two 



Part I.   
Given the successful utilization of RNAi in insects and our expression of 
similar small RNA machinery, can we artificially engineer viruses to 
intersect with this biology? 



Engineering flu to engage with the miRNA 
machinery 



Varble and Chua et al. PNAS (2010) 197, 11519-11524.  
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Varble and Chua et al. PNAS (2010) 197, 11519-11524.  

Engineering flu to produce miRNAs 

Can we design a self-inactivating virus? 



Re-wiring microRNAs 



miRNA-mediated self-targeting of influenza 

Segment 8 

Segment 5 



Self targeting can be achieved using the host 
small RNA machinery 
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Benitez and Spanko et al.  
Cell Reports (2015) 

Self targeting can be achieved using the host 
small RNA machinery 



RNAi can replace the mammalian IFN-I response 

Benitez and Spanko et al.  
Cell Reports (2015) 



Part I. Conclusion    
We can successfully engineer viruses to engage with our small RNA 
machinery. 



Part II.   
Can the host small RNA machinery be co-opted?  Can we re-create the 
antiviral defenses of plants and arthropods in mammals? 



miRNA absent: NO attenuation 

miRNA present:  Attenuation 

miRNA exploitation to control virus biology 



Can we generate a species-specific IAV? 



Identifying mammalian-specific miRNAs 



miR-93: not expressed in chickens, 
abundant in mammals 



Courtesy of P.Palese 

Confining IAV to chickens 



Codon changing to create miRNA targets 



Perez et al. Nat Biotechnol (2009).  
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miRNA-mediated attenuation in mammalian 
fibroblasts control IAV 

miR-93 targeted IAV 

miR-93 targeting has no impact on virus 
replication in ovo 



miRNA-mediated attenuation in mammalian 
fibroblasts 

Perez et al. Nat Biotechnol (2009) 27, 572-57  

control IAV 
miR-93 targeted IAV 

miR-93 targeting suppress virus replication in 
mammals in vitro 



miRNA-mediated attenuation in mammalian 
fibroblasts 

Perez et al. Nat Biotechnol (2009) 27, 572-57  
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miR-93 targeting suppress virus replication in 
mammals in vitro 



control IAV 
miR-93 targeted IAV 

miRNA-mediated, species-specific attenuation 



Antibody response to miR-93-mediated H5N1 
vaccine 

Perez et al. Nat Biotechnol (2009) 27, 572-57  

miRNA-mediated attenuation in mammalian 
fibroblasts control IAV 

miR-93 targeted IAV 

The humoral response to miR-93 targeted 
virus is indistinguishable from wt infection 



Part I I. Conclusion    
We can successfully co-opt the expression of host miRNAs to generate 
species-specific restrictions. 



Part III.   
How versatile is this idea?  What about other viruses?  Especially those 
that have evolved alongside RNAi-based defenses. 



Viruses that transmit between RNAi and IFN 
systems: Dengue Virus 

Interferon-based defenses RNAi-based defenses 



Discerning mosquito and mammalian systems 

Human Mosquito 

Hematopoietic + + + - 



Dengue virus genomic organizationDengue virus genomic organization 



Controlling tropism with tissue-specific miRNAs 

Pham et al. PLoS Path. (2012) e1002465 



miR-142 targeting of Dengue had no impact on virus 
replication in mosquito cultures 



miR-142 targeting of Dengue confines replication to 
non-hematopoietic cells 



Part III.  Conclusion 
miRNA targeting is a versatile tool that can be used to attenuate diverse 
viruses.  **Has now also been demonstrated on ZIKV. 



Part IV.   
How versatile is targeting specificity?  Can you design viruses that 
discern between mammals?  If so, could this be used as a ‘molecular 
biocontainment’ system for gain-of-function studies? 



control IAV 
miR-93 targeted IAV 

Transmissible H5N1 sparks concerns 
and a research moratorium  

 



Restricting IAV replication to ferrets 
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miR-93 targeted IAV 

miR-192 targeting of IAV HA 
 



miR-192 targets yield a ferret-specific IAV 
 

IAV targeted by miR-192 

IAV wt IAV scbl 

Langloiss et al. Nat. Bio (2012)  

miR-192-mediated targeting of IAV does 
not impact transmission in ferrets 

miR-192 targets attenuate flu replication by 
four logs in mice 

 



miR-192-mediated targeting of IAV does 
not impact transmission in ferrets 

miR-192 targets do not impact flu replication 
and transmission in ferrets 

 
Direct Contact Aerosol 

Langloiss et al. Nat. Bio (2012)  



Part IV. Conclusion   
miRNA targeting appears to have no limits and can be used as a 
molecular biocontainment system. 



Part V.   
What about viral escape? 



Can we generate escape mutants? 
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Escape in the presence of selective pressure? 

WT Cells 



Escape mutants ALL confined to hairpin mutations 



What about other viruses? Dengue? 

WT Cells 



What about other viruses? Dengue? 

WT Cells 



Escape demands target site excision 



Despite the emergence of escape mutants, miRNA-
targeted DENV still induces no disease 



Conclusions 

An RNAi-like response can be established in 
mammals artificially and can be used as a 
molecular biocontainment system. 

The capacity to “self-target” suggests no selective 
pressure imposed by small RNA machinery 

Small RNAs evolved to block both DNA and RNA 
viruses for much of life’s history.  Chordates largely 
replaced this system for interferon. 

Mammals lost RNAi but retained microRNAs 
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Why did mammals abandon RNAi? 



RdRp Incompatibility 

Antiviral RNAi 



Size and the need for amplification 

RNAi  
-no RdRp 
-transport 

RNAi  
-many RdRps 

RNAi 
-no RdRp 
-transport not possible 



CRISPR 

Cellular Tools for Virus Warefare 

RNAi 

DNA viruses 

RNA viruses 

Larger size and more 
diverse pathogens 

demand new 
defenses 

Interferon 
DNA + RNA viruses 
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