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of Fc-related vaccine signatures, there are prac-
tical and methodological concerns that will have 
to be taken into consideration when undertak-
ing such analyses. For example, the assays used 
for the Fc effector functions are not easy to 
standardize across laboratories. Future studies 
would benefit from the use of blinded samples. 
It would also be of interest to test samples from 
lymphoid tissues, the major site of HIV-1 repli-
cation, in addition to blood samples. The results 
of systems analyses depend on the breadth and 
depth of the training data set and often cannot 
be generalized. Thus, the authors’ conclusions 
may not hold for other immunogens or viruses. 
Finally, in the RV144 trial, only very limited 
protection was achieved and less than 1% of all 

participants were infected, so the significance 
of any identified correlate of protection remains 
to be determined.

Nevertheless, a systems serology approach 
could be readily applied to other trials and 
expanded to include additional parameters, 
such as sequence analysis of antibodyomes4 
and molecular signatures of vaccines. Such 
studies might also be designed to address 
the important question of how to predict the 
efficacy of a novel vaccine based on in vitro 
studies or animal models. Finding the immu-
nological correlates of vaccine protection for 
HIV-1 infection by considering qualitative 
and quantitative immune responses could help 
guide us to the next generation of vaccines11.
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Table 1  The four trials analyzed by Chung et al.1

Trial Immunogen Vector
Immunogen 
administration Participants Start date Outcome

RV144 Prime:gag-pr-gp41-gp120

Boost: gp120 (clade B,E)

Canarypox

Subunit proteins

0, 4, 12, 24

12, 24 weeks

16,403 October 2003 Some (31.2%) 
efficacy

VAX003 gp120 (clade B, E) Subunit proteins 0, 1, 6, 12, 18, 24, 30 months 2,500 March 1999 No efficacy
HVTN204 Prime: Env (clades A,B,C), gagB, polB, nefB

Boost:: Env (clades A,B,C), gagB, polB,

DNA

rAd5

0, 1, 2 months

6 months

480 September 2005 No efficacy

IPCAVD 001 Env clade A rAd26 0 weeks 60 February 2008 No efficacy

Serum samples (30 vaccinees for each trial) were taken 2 weeks after the last immunization.

CRISPR-Cas technology has been used in a broad 
range of applications, including multiplexing. Up to 
five genes have been targeted in the same cell1, but 
whether this number could be extended by much 
was not clear. In a new demonstration of the capa-
bilities of the CRISPR-Cas system, George Church, 
Luhan Yang and colleagues recently reported simul-
taneously editing 62 related genes in pig cells2. 

Engineering the genome of pigs is not a new idea. 
A strong incentive for altering the genetic makeup 
of these animals is to make them more suitable as 
donors for xenotransplantation. Pig organs are 
roughly the same size as those of humans and share 
similar vascular architecture. Tens of thousands of 
individuals could receive life-saving transplants 
every year if the remaining hurdles in xenotrans-
plantation were overcome. One such challenge is 
the potential transmission of porcine endogenous 
retroviruses (PERVs) to humans. 

Aiming to inactivate PERVs, Church, Yang and 
colleagues began by determining how many PERV 
elements are present in the genome of pig cells, and 
identified 62. Then, they designed two Cas9 guide 
RNAs that would target the pol gene, an essential 
and conserved PERV gene, in all 62 PERVs. They 
expressed the guide RNAs and Cas9 in PK15 cells, a 
pig kidney epithelial cell line, and sequenced clones 
to determine the extent of editing that had occurred. 
They found a small number of clones that had up 
to 100% disruption of the pol gene, along with evi-
dence suggesting that this high efficiency was due to  

a mechanism in which previously edited pol genes 
were used as templates to disrupt wild-type pol genes. 
Elucidating the intricacies of this mechanism may 
uncover interesting biology and further potential 
applications of the approach.

“This illustrates the power of the CRISPR tech-
nology,” says Randall Prather, of the University of 
Missouri. “A few years ago we wouldn’t have thought 
of doing this because inactivating 62 genes, or even 
a family of 10 genes, would have been quite compli-
cated with traditional homologous recombination.”

Editing 62 genes, even if closely related, is certainly 
a feat, and the engineered cells showed a 1,000-fold 
reduction in PERV transmission to human cells. 
That said, whether PERV transmission is likely to be 
a problem in xenotransplantation is not clear. Kevin 
Wells, also from the University of Missouri, says that 
PERV transmission was on the list of things to exam-
ine, but probably not at the top. “We don’t know what 
the actual risk is,” he says. Although there is evidence 
that PERV transmission can occur in vitro, “no one 
has observed transmission of PERVs in experiments 
where a nonhuman primate received a pig organ,” 
says Wells. In addition, alternative approaches could 
be used, such as employing pig lines that do not pro-
duce human-tropic, replication-competent PERVs3.

Organ rejection continues to be the major hurdle 
in xenotransplantation. Although acute organ rejec-
tion has been addressed, immune rejection is still a 
considerable problem. On that front, Wells points out 
that CRISPR-Cas9 genome editing could be used to 

target pig genes encoding antigenic carbohydrates 
or proteins. Inactivation of porcine circulating 
proteins that don’t interact well with their human 
counterparts could also help efforts to make  
xenotransplantation a reality.

Irene Jarchum, Associate Editor
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Getting rid of PERVs

The 62 endogenous porcine retrovirus  
genes have been inactivated in pig cells.  
Are piglets next?
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