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Acquired Immunodeficiency Syndrome (AIDS)

❖ Caused by Human Immunodeficiency Virus 
(HIV)

❖ Progressive failure of the immune system
➢ Opportunistic infections and cancer to thrive

❖ Since 1981  36 million people worldwide 
have been infected with HIV
➢ 1 million deaths from AIDS  in 2016



Reproductive cycle of HIV

HIV Retrovirus:

❖ Requires collaboration 
between CD4 and 
coreceptors on surface of 
susceptible cells

❖ Fuses with the cell 
membrane

❖ Uses the host enzyme RNA 
polymerase to create copies 
of HIV



HIV/AIDS Management

❖ Prophylactic
❖ Highly Active Antiretroviral Therapy 

(HAART)
➢ Maintain immune system

❖ Anti-Retroviral Drugs (ARVs)
➢ Nucleotide reverse transcriptase

➢ Non-nucleoside reverse transcriptase

➢ Integrase & Protease inhibitors

➢ Combination to suppress the viral gene 

transcription

❖ $16.6 billion healthcare spending 
per year in the US



Cell-Chemokine Receptor 5 (CCR5)

Chemokine-HIV attachment process

❖ Expressed on white blood 
cells 

❖ Required for membrane 
fusion step of infection

❖ 90% of HIV-1 is R5 tropic
➢ Initially binds with CCR5 

co-receptors to enter 

host cells 



CCR5∆32 impedes infection

Wild CCR5 receptor and CCR5-delta32 mutant cell without CCR5 receptors.

❖ 32 bp deletion resulting in 
defective protein

❖ 10% of North American 
Caucasians
➢ Resistant to R5 tropic HIV-1 

❖ CCR5 can be artificially 
mutated to mimic CCR5∆32
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Zinc Finger Nucleases (ZFNs)
❖ Small structural protein motif 

coordination of one or more 
zinc ions 

❖ 30 amino acids with nucleotide 
triplets 
➢ Fused zinc finger DNA-binding 

domain to DNA-cleavage 

domain

❖ Recognizes all 64 trinucleotide 
combinations

❖ Used for research and clinical 
applications

Pair of ZFNs bound to DNA

https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1534%2Fgenetics.111.131433


Transcriptor-Like Effector Nucleases (TALENs)

❖ Proteins secreted by 
Xanthomonas bacteria

❖ Recognizes single nucleotides 
instead of triplets, and when 
combined with a nuclease, 
DNA can be cut at more 
specific locations

(A)Pair of ZFNs compared to (B) pair of TALENs

https://www.addgene.org/newsletter/techniques/#Dec2011/


CRISPR/Cas9
❖ Clustered Regularly Interspaced Short Palindromic Repeats/ 

CRISPR-associated protein 9
❖ “CRISPR array”
❖ Cas9 endonuclease directed by sgRNA
❖ Cleave any target sequence of choice by modifying the sequence of the 

cr/sgRNA



Off-Target Editing

❖ Binding at non-target sequence
❖ Variety of detection tools

➢ Targeted, exome, and whole genome sequencing, BLESS, LAM-HTGTS, and 
GUIDE-Seq, Digenome-seq

❖ Genome-wide unbiased detection favorable



Hypothesis

❖ Evaluate the potential of three genetic engineering tools—ZFNs, 
TALENs, and CRISPR/Cas9— in knocking out the CCR5 HIV co-receptor 
on different cells, including human CD4 T cells using a meta analysis 
approach

❖ Alternative: CRISPR/Cas9 will be  the most efficient technique 
when editing the CCR5 gene

❖ Null: None of the techniques present an advantage over 
another when editing the CCR5 gene



Meta-analysis methods overview

❖ Online databases
➢ EBSCOhost , NCBI, Cell, PlOS

❖ Keywords
➢ i. e. zinc finger nucleases, TALENs, CRISPR, CCR5 and HIV (-1), off-target 

mutations, CCR5 knockout, and HIV tropism

❖ Identified core body of reports
➢ References used to retrieve additional source

❖ Statistical significance was determined by one-way ANOVA 
followed by a Fischer-test



Selection Criteria

❖ Genetic engineering of CCR5 included
❖ Included ZFN, TALENs and CRISPR/cas9 mutagenesis techniques 
❖ Performed in cell lines or mammalians species

➢ Excluded species i.e. zebra fish, drosophila

❖ Report the % knockout of  CCR5 gene
❖ Preferred studies that reported off target effects
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Results

The selection criteria led to a database of 23 
data sets reported in 14 independent reports



Study Sample: examples of CCR5 gene disruption



Studies Analysed 

Table includes:
❖ Type of cells
❖ Nucleases used 
❖ Efficiency of knockout 
❖ Method used for gene 

editing 
❖ Off targets effects
❖ References 



CRISPR is more efficient than ZFN and TALEN in editing the 
CCR5 gene

Individual values alongside error bars and average percent values from peer-reviewed papers.

* P<0.05



CCR2 is the gene that shows the most off target effects

❖ CRISPR was not found to have any detection of off target effects
❖ TALEN had 0.01% identified edits in three data sets on the predicted gene 

of CCR2
❖ Two data sets detected off target edits by ZFNs, editing 5.3% and 11% of 

the predicted CCR2 gene 

Out of the three-tested techniques, CCR2 was the gene that showed 
the most off target effect



Discussion- What does this mean?

❖ CRISPR/Cas9 presents 13.9% more efficient edits than ZFNs and 
TALENs

❖ Statistically significant (*p ≤ 0.05)
❖ Null hypothesis can be rejected



Limitations 

❖ Off Targets
➢  Lack of detection 

➢  Papers often did not bother running detections 

➢  Several potential genes identified; failed to detect mutations

❖ CXCR4 (C-X-C chemokine receptor 4)
➢ Selective pressure -> other co-receptor

➢ Berlin Patient

❖ Meta-Analysis
➢ High costs of nucleases
➢ Multiple parameters, cell types and methods 

❖ Gap identification



Conclusion

The results of the meta-analysis indicate that 
CRISPR/Cas9 is most likely best suited towards editing 
the CCR5 gene, rather than either ZFNs or TALENs



Treatment Applications

❖ Application of CRISPR methodology for CCR5 
editing 
➢ Berlin Patient

➢ Gene editing in plants, animals, and humans

❖ Editing efficiency>off target effects



Further Work

❖ Data reproduction in a lab 
❖  Implement CRISPR against HIV-1
❖ Expansion to other viruses and diseases
❖ Off Target Detection

➢ Genome-wide detection methods

➢ Industry-wide standard
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