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Overview 

• CRISPR/Cas9 overview 

• Success Rate 

– CD163-/- PRRSV resistance? 

– Protection from both Type 1 and Type 2 viruses? 

• Reproductive PRRS 

– Does a CD163-/- sow protect wild type fetuses? 

• Other Disease Resistance Models 

 

 



  

• The PRRS virus (PRRSv) was first detected in the 
USA in 1987 (Keffaber et al ‘89) and in Europe in 1990 
(Wensvoort et al ’91) 

• PRRSv replicates in macrophages 

– Respiratory disease in young pigs 

– Reproductive disease in sows/boars 

• It also predisposes infected pigs to other bacterial 
and viral pathogens  



• Costs $660,000,000 annually in North 

America (Holtkamp et al ‘13) 

• Costs €1,500,000,000 annually in Europe 
(European PRRSpecive ‘15) 

• Translates to ~$6,000,000 each day! 

• Doesn’t include Asia 
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Use of the CRISPR/Cas9 system to produce 

genetically engineered pigs from in vitro-
derived oocytes and embryos 
Whitworth et al., 2014 
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Substitution of porcine CD163 SRCR domain 5 with human CD163-like 

homolog SRCR domain 8 confers resistance of pigs to genotype 1 but not 

genotype 2 porcine reproductive and 

respiratory syndrome (PRRS) viruses. 

 

Kevin D. Wells, Rachel Bardot, Kristin M. Whitworth, Benjamin R. Trible, 

Ying Fang, Alan Mileham, Maureen A. Kerrigan, Melissa S. Samuel, 

Randall S. Prather , Raymond .R.R. Rowland 

Pubmed search Whitworth AND Prather 



• CRISPR-Cas is a microbial adaptive immune system that uses RNA-guided nucleases to 
cleave invading foreign genetic elements (Sorek et al., 2008; Mkarova et al., 2011) 
 

• This system has been repurposed for mammalian genome engineering using SpCas9 along 
with a fusion of the tracrRNA and mature crRNA to create a chimeric single guide RNA 
(sgRNA) 

 Ran et al, 2013 

CRISPR-Cas9 



 

(DeMayo and Spencer Commentary BOR 2014) 

CD163 knock-out CD163 Domain Swap 



 

http://www.broadinstitute.org/what-
broad/areas-focus/project-spotlight/crispr 



Somatic Cell Nuclear Transfer 
Using the CRISPR/Cas9 system to edit specific genes  

in fetal fibroblast cell line and then clone the pigs 
 



Zygote Injection 
Using the CRISPR/Cas9 system to edit specific genes in pig zygotes  

 



Heparan Sulphate 
Binding 

Binding and 
Internalization 
by SIGLEC1 

Uncoating of 
the virus by 
CD163 
(SRCR domain 
5 specifically) 

Genome Release  
in endosomes 
dependent on low 
pH 

Van Breedam et al., 2010 

PRSSv Infectivity 



 

CD163? 



Human CD163 

Human CD163L 

Sus scrofa CD163 

Van Gorp et al., 2010 

CD163 Deletion constructs 
showed that extracellular 
domain 5 encoded by exon 7 
was important for PRSSRv 
infectivity 
 
 
 
 
 
 

CD163 is a member of the 
scavenger receptor cysteine-rich 
(SRCR) superfamily 

CD163 



• Traditional knockout by NHEJ  

– INDEL changes reading frame 

– Premature stop codon 

• Domain Swap 

– Remove extracellular domain SRCR5 from 
CD163 

– Replace with extracellular domain 8 from 
hCD163L (exon 11) mimic 

– Maintain CD163 function 
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WT TGCTGTGCAGGGAACTACAGTGCGGCACTGTGGTTTCCCTCCTGGGGGG 

#67-1 TGCTGTGCAGGGAACT-----------CTGTGGTTTCCCTCCTGGGGGG 

#67-2 -(Δ124 bp)-----------------CTGTGGTTTCCCTCCTGGGGGG 

-(Δ123 bp)----------------ACTGTGGTTTCCCTCCTGGGGGG 

#67-3 TGCTGTGCAGGGAACTACAGTGCGGCAACTGTGGTTTCCCTCCTGGGGGG 

#67-4 -(Δ130 bp)-----------------------------TCCTGGGGGG 

-(Δ132 bp)-------------------------------CTGGGGGG 

A B 

C CD163 exon 7 modifications 

100% of piglets born had an edit in exon 7 of the CD163 gene 
 

Whitworth et al., 2014 

This boar 67-1 is almost four years old 



Are CRISPR/Cas9 CD163 edited 
pigs resistant to PRRSv? 



Weaned 

wildtype 

and CD163 

edited 

piglets prior 

to transport 

to Kansas 

State 

University. 

Patent Pending 

Whitworth et al, ‘16 

Nature Biotechnology NVSL 97-7985 
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What about other PRRSv isolates? 

• Initial CD163 knock-out study challenged with 
a North American (Type 2) (NVSL 97-7985) 

• What about other Type 2 viruses? 

• What about European (Type 1) viruses? 

 

Wells et al., 2016 
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Membrane 

CD163-HL11m 
Domain Swap  



    Source of Macrophages 

Type 1   WT   Domain Swap   Null 

13-15   56 +/-9   0   0 

Lelystad   62 +/-15   0   0 

03-1059   50 +/-18   0   0 

03-1060   61 +/-12   0   0 

01-08   64 +/-20   0   0 

4353-PZ   62 +/-15   0   0 

Type 2             

NVSL 97   59 +/-15   8 +/-8   0 

KS-06   56 +/-20   12 +/-9   0 

P129   64 +/-11   8 +/-6   0 

VR2332   54 +/-5   6 +/-3   0 

CO 10-90   43 +/-18   8 +/- 8   0 

CO 10-84   51 +/-22   7 +/-4   0 

MLV-ResP   55 +/-12   3 +/-1   0 

KS62   49 +/-3   10 +/-11   0 

KS483   55 +/-23   6 +/-3   0 

*Results are presented as percent infected PAMs (n=3: mean±S.D.) 



WT (circles), HL8 (squares) and Null (triangles) CD163 

modified pigs were infected with a contemporary Type 1 

isolate, SD-1305 or a Type 2 isolate, NVSL.  

 

The open box shows viremia for the HL11m pig#101. 

The number pigs in each group for the Type 1: WT n=4, 

HL11 n=5 and null n=3; and for the Type 2: n=4 for WT, 

n=4 for HL11 and n=3 for the null pigs. 

Wells et al, Submitted 

 

SD-1305 NVSL 



 

Clean deletion of domain 5 (exon 7) also confers resistance to 
both Type 1 and Type 2 PRRSV (Burkard et al., 2017) 



CRISPR/Cas9 Editing of CD163  

• CRISPR/Cas9 can be used to efficiently create 
biallelic edits in CD163 

• Protects young growing pigs from PRRSV 

– Both type 1 and type 2 isolates 

• Protects both pregnant pigs and the fetuses 
from PRRSV 

 



African Swine Fever 

Lillico et al., 2016 

Edited the RELA locus in domestic pig embryos with ZFNs to 
convert to the ASF resistant warthog RELA  
Not challenged yet 



CD163  pigs are not resistant to African Swine Fever 

Popescu et al. 2017 



Swine Flu 

TMPRSS2- transmembrane protease, serine 2 
 
Host cell protease that cleaves a glycoprotein on the virus 
surface that activates the influenza virus  

Whitworth et al., 2017 
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