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Guiding Principles 

• An understanding of the details of gene 
engineering is essential for understanding 
protocols when making recommendations on: 
– Risk assessment 
– Containment levels 
– Safe work practices  
– Training 
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• Investigators who submit 
rDNA protocols want to 
perform their experiments 
safely 

• However, their perception 
of the risks involved will not 
necessarily be the same as 
those of a biosafety 
professional 

Risk Assessment: It’s a Matter of Perspective… 

Presenter
Presentation Notes
People don’t set out to do things in an unsafe manner- the guys in this cartoon are pretty sure they have taken care of all the risks. They have signage and PPE.
Safety professionals have a different perspective than the investigator and can help to fully define the hazards associated with a protocol
Many rDNA entities, such as viral vectors have been well-engineered to be accessible to investigators with a broad spectrum of experience so not all investigators are familiar or trained about the infectious nature of their tools



Challenges of Genome Engineering 
Risk Assessment 

• A= transformation methodology 
• B= expression construct 
• Quite often…  A + B = A* 
• But sometimes… A + B = C 
• Worst case…  A x B = Z2 

• Need realistic risk assessment for  
– Protection of personnel 
– Guidance for containment & work practices 



CRISPR-CAS9 
GENOME ENGINEERING 
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CRISPR-Cas9 
Genome Engineering 

• CRISPR/Cas9 Genome Engineering 
– CRISPR-associated protein (Cas) system provides 

prokaryotes with adaptive immunity to viruses and 
plasmids. 

– When Cas9, a protein, is complexed with two RNAs 
called CRISPR RNA (crRNA) and trans-activating 
crRNA (tracrRNA), it forms a sequence-specific 
endonuclease that cleaves foreign genetic sequences 
to protect host cells. 
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CRISPR-Cas9 
Genome Engineering 
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CRISPR-Cas9 
Genome Engineering 



CRISPR-Cas9 
Genome Engineering 

Harrison, et al., Genes & Development 2015, 28:1859–187 



CRISPR-Cas9 
Genome Engineering  

The Good 



CRISPR-Cas9 
Genome Engineering 

The Bad 



CRISPR-Cas9 
Genome Engineering 

The Bad 



CRISPR-Cas9 
Delivery 

Hsu, et al., Cell 157, 2014, 1262-1278  



Lentivirus Vectors 

• Based on HIV 
– 3rd + generation vectors only have 3 HIV genes 
– Replication incompetent 
– Genes needed for replication on multiple plasmids in host cells 
– Efficiently transduce both dividing and non-dividing cells 
– Long term gene expression 
– Chromosome integration 

• Reproducibly transduce cells and animals 
– Gene knockdown 
– Gene overexpression 
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Adenovirus Vectors 

• 49 immunologically distinct types; AdV5 most common 
– Replication incompetent 
– Efficiently transduce both dividing and non-dividing cells 
– Multiplicity of infection >25 copies per cell possible 
– Expression can be 10–20% of total cell protein 
– Does not integrate into cell genome (cytoplasmic expression) 
– Specificity: 

AAV1: CNS, Eye, Heart, Lung, Skeletal muscle 
AAV2: CNS, Eye 
AAV5: CNS, Eye, Lung 
AAV6: Adipose, Heart, Liver, Lung, Skeletal muscle 
AAV8: Adipose, CNS, Eye, Liver, Skeletal muscle;  
AAV9: Adipose, CNS, Eye, Heart, Liver, Lung, Skeletal muscle 
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Adeno-Associated Virus 
Vectors 

• Large percentage of population is seropositive for 
exposure to various strains of adeno-associated virus 
(AAV). 

• AAV never identified as an etiologic agent of human 
disease. 

• AAV is a naturally ‘defective’ virus requiring a helper 
virus for productive replication  

• AAV establishes a latent infection by genome integration 
into a specific locus of human chromosome 19. 
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Virus Vector Risk Assessment 

• Risk of replication competent virus production 
• Risk of mutagenic insertion (Lenti, AAV) 
• Transgene effects 

–Growth-regulating products 
–Products released into circulation 
–Products with a general effect on the host-immune system 
–Oncogenes and tumor suppressors 
–RNA interference that inhibit (knock down) the above genes 

• Use in animal models 
• Indicator cell lines for bioassay 

– Lower biosafety level? 

17 



Viral Vector Risk Assessment 

• Specific Biosafety Guidance Available 
– Lentivirus 

• Use Guideline 
• Medical protocol 
• Derogation to RG-1 Formula 

– Adenovirus  
• Use guideline 
• No medical treatment guideline 

– AAV 
• Use guideline 
• No medical treatment guideline 
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Virus Vector Risk Assessment 

• Medical Exposure Protocol (lenti vectors) 
– Risk of transgene 
– Immunosuppression 
– HIV-infected employees 
– Medical Exposure Protocol 

• Baseline HIV test 
• Oral HIV Integrase Inhibitor 
• Monitoring test-COBAS® AmpliPrep/COBAS® TaqMan® 

HIV-1 
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Virus Vector Risk Assessment 

• Lentivirus Transfected Cell Line Derogation 
– Dutch COGEM advisory CGM/090331-03 “Grading of 

Laboratory Work with Lentiviral Vectors.”  
 
 

– W:  Washes (20x per wash) 
– I:  Trypsin washing step (200x per treatment) 
– T: Days incubated at 37o C 

 

Reduction ratio = (20W x 200I x 22.4T)/Ci 



RNAi  Risk Assessment 
Resources 

• Understand the Gene Target 
– http://www.genecards.org/ 

 



RNAi  Risk Assessment 
Resources 

• Entrez Gene summary for APOL1 Gene: 
This gene encodes a secreted high density lipoprotein which binds to apolipoprotein A-I. Apolipoprotein A-I is a 
relatively abundant plasma protein and is the major apoprotein of HDL. It is involved in the formation of most 
cholesteryl esters in plasma and also promotes efflux of cholesterol from cells. This apolipoprotein L family 
member may play a role in lipid exchange and transport throughout the body, as well as in reverse cholesterol 
transport from peripheral cells to the liver. Several different transcript variants encoding different isoforms 
have been found for this gene. (provided by RefSeq, Nov 2008) 
 

• GeneCards Summary for APOL1 Gene:  
APOL1 (apolipoprotein L, 1) is a protein-coding gene. Diseases associated with APOL1 include phencyclidine 
abuse, and trypanosomiasis, and among its related super-pathways are Scavenging of Heme from Plasma. GO 
annotations related to this gene include lipid binding and chloride channel activity. An important paralog of this 
gene is APOL4. 
 

• UniProtKB/Swiss-Prot: APOL1_HUMAN, O14791 Function: May play a role in lipid exchange and transport 
throughout the body. May participate in reverse 
cholesterol transport from peripheral cells to the liver 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8542
http://www.malacards.org/card/phencyclidine_abuse
http://www.malacards.org/card/phencyclidine_abuse
http://www.malacards.org/card/trypanosomiasis
http://www.genecards.org/cgi-bin/carddisp.pl?gene=APOL4
http://www.uniprot.org/uniprot/O14791#section_comments


RNAi  Risk Assessment 
Resources 

• Understand the Effects of Gene Knock-out 
– JAX Mice Database (http://jaxmice.jax.org/query/f?p=205:1:0) 
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http://jaxmice.jax.org/query/f?p=205:1:0


Risk Assessment 
• Effect of Silencing on: 

– Growth-regulating genes 
– Genes with a general effect on the host-immune system 
– Knockout of genes involved in tumor suppression 
– Off-target effects 

• Persistence of viral delivery vector 
– Integration 
–Cytoplasmic 

• Exposure Protocol (Lenti only) 
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SUMMARY AND QUESTIONS 
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http://www.google.com/url?url=http://ancientwolfspirit.deviantart.com/art/Baby-Chimera-451146886&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CBoQ9QEwAjgoahUKEwjvjbmWjobGAhViP4wKHV7kAOc&usg=AFQjCNF8uSSijx5RAoIqCLtS7eRp0TEeeg

	Genome Engineering
	Guiding Principles
	Slide Number 3
	Challenges of Genome Engineering�Risk Assessment
	CRISPR-Cas9�Genome Engineering
	CRISPR-Cas9�Genome Engineering
	CRISPR-Cas9�Genome Engineering
	CRISPR-Cas9�Genome Engineering
	CRISPR-Cas9�Genome Engineering
	CRISPR-Cas9�Genome Engineering �The Good
	CRISPR-Cas9�Genome Engineering�The Bad
	CRISPR-Cas9�Genome Engineering�The Bad
	CRISPR-Cas9�Delivery
	Lentivirus Vectors
	Adenovirus Vectors
	Adeno-Associated Virus Vectors
	Virus Vector Risk Assessment
	Viral Vector Risk Assessment
	Virus Vector Risk Assessment
	Virus Vector Risk Assessment
	RNAi  Risk Assessment Resources
	RNAi  Risk Assessment Resources
	RNAi  Risk Assessment Resources
	Risk Assessment
	Summary and questions

