
Treat the patient, not the germline! 
 
Or so goes a rallying cry by individuals* engaged in discussions of a technology set to evolutionize, whoops, I mean 
revolutionize, well……everything [1].    
 
The technology in question has been given the acronym CRISPR.   The acronym CRISPR stands for a mouthful, 
Clustered Regularly Interspaced Short Palindromic Repeat; referring to a process used by certain bacteria to identify 
and eliminate foreign nucleic acids.  We will concern ourselves here not with how this process is of benefit to 
bacteria, but instead focus on how this process has been adapted to provide a facile way of editing DNA in human 
cells.  In fact, CRISPR earned Science magazine’s recognition as breakthrough of the year due largely to its low cost 
and ease of use, which has allowed virtually any biological laboratory to employ this technology to manifold ends 
(see December 17th 2015 issue of Science).  The use of CRISPR to edit genomic DNA and cure virtually any genetic 
disease will be the focus of this article.   
 
CRISPR technology could be classified as a form a gene therapy, but differs from classical forms of gene therapy 
discussed previously in this forum (Issue #49, April 2015).  In classical forms of gene therapy a healthy form of a 
gene, oftentimes on a modified viral vector, is introduced into patient cells harboring mutant copies of the gene.  This 
newly introduced gene can be inserted anywhere in the genome, thus both healthy and mutated genes typically 
persist in treated cells at distinct locations.  In genome editing using CRISPR, the ultimate goal is to replace disease-
causing mutations in a gene’s native location within our chromosomes with healthy sequence without any other 
alterations to the genome.  If this sounds a bit like science fiction or a someday hoped for future, let me simply say 
that the future may be closer than you think.   A recent paper published in Human Gene Therapy describes the use of 
CRISPR technology to correct a disease causing mutation in skin cells derived from a patient with Fanconi anemia[2].  
While these corrected cells are a proof of principle and have not been reintroduced back into the patient for use 
therapeutically, it would seem to be only a matter of time before similar experiments in more therapeutically 
relevant cells will extend this technology to the clinic. 
 
Before discussing current limitations of CRISPR technology, let me first provide a brief overview of what is involved.  
The basic idea behind genome editing by CRISPR is relatively straightforward and involves introducing a double 
stranded break in DNA near a site to be edited and then using an exogenous fragment of DNA to repair the double-
stranded break.  Because the sequences of the exogenous DNA are used as a template to replace DNA that is found 
before, through and after the break, the original DNA in the cleaved strand is replaced by homologous sequences 
derived from the exogenously supplied DNA.  If the original chromosomal DNA near the double-stranded cut harbors 
a disease causing mutation and the exogenous DNA used to repair the cut has a sequence found in healthy 
individuals, the net effect of the repair process is to replace the mutant DNA with healthy DNA.   This form of DNA 
repair is referred to as homology-directed repair.   
 
The key to CRISPR technology is therefore the ability to direct a double-stranded cut in DNA to a region of a 
chromosome near a disease-causing mutation.  The enzyme that carries out the double-stranded cut is a nuclease 
referred to as Cas9.  Cas9 forms a complex with a guide RNA that directs it to specific sequences in DNA.  The guide 
RNA does this through its ability to form Watson/Crick base pairs with a target DNA.   Fortunately, the sequences of 
the guide RNA can be manipulated without dramatically affecting its ability to interact productively with Cas9, 
thereby allowing investigators to target virtually any DNA sequence for cleavage.  Once Cas9, a synthetic guide RNA, 
and a exogenous DNA template are introduced into a cell, the homology-directed DNA repair machinery present in 
most cells uses the exogenous template to repair the guide RNA-directed double-stranded cut and when all is said 
and done, the mutated DNA is replaced by healthy DNA.  This can all be done through the transient expression of 
CRISPR components in cells, such that once the genome has been edited all exogenous components used in editing 
are lost and the edited sequence is the only lasting change present in the modified cells.  Optimal methods for 
delivering these various components to cells and biasing repair toward homology-directed repair as opposed to more 
error-prone mechanisms of DNA repair are currently being worked out to enhance the efficiency of genome editing. 
 
This technology seems particularly appealing for bone marrow failure syndromes, which could potentially be treated 
by isolating a patient’s hematopoietic stem cells, editing these cells, and then re-introducing the patient’s own edited 
stem cells back into the body (thus a bone marrow transplant with a patient’s own cells, ex vivo edited and expanded 
in culture before re-introduction back into the patient).  It should be noted however, that while this approach could 
potentially work for treating the bone marrow manifestations of these diseases, other disease complications outside 
of the bone marrow would necessitate more extensive editing of other stem cell populations within the body.  Also, 
this approach would only work in those patients where the disease-causing mutation is known.   



 
Now if this all sounds too good to be true, it is; at least from the perspective of using this technology therapeutically 
at the present time.  One of the major drawbacks of CRISPR technology is possible off-target effects and the prospect 
that while fixing a mutation at one point in the genome different mutations are introduced elsewhere[3].  As was 
seen in early experiments with classical gene therapy, unintended consequences associated with off-target effects can 
lead to cancer[4].  Thus, there is a need for caution in moving CRISPR technology forward to the clinic.   
 
Because of the clinical potential of CRISPR technology, many laboratories and commercial enterprises are working on 
reducing risks and making the process much more efficient.  These studies are moving forward at a breakneck pace 
giving confidence that this technology will be moving into the clinic in the not-too-distant future.  In fact, concerns 
have now shifted to worries about engineering the human germ line with CRISPR technology and making so-called 
designer babies or designer humans with traits manipulated this emerging technology.  J. Craig Venter, a genomics 
visionary and entrepreneur provides the following perspective on where we stand concerning prospects for using 
CRISPR for germline editing[5].   
 
“I think that human germline engineering is inevitable, and there will be basically no effective way to regulate or 
control the use of gene editing technology in human reproduction.  Our species will stop at nothing to try to improve 
positive perceived traits and to eliminate disease risk or to remove perceived negative traits from the future 
offspring, particularly by those with the means or access to editing and reproductive technology. The question is 
when, not if.”  
 
A recent summit was held to discuss these broader ethical debates concerning the use of CRISPR technology 
(http://news.sciencemag.org/scientific-community/2015/12/inside-summit-human-gene-editing-reporter-s-
notebook).  Amongst all the debate, these issues were put in perspective when a mother and patient advocate took 
the microphone and stated “if you have the skills and knowledge to eliminate these diseases, then freakin’ do it.” 
Unfortunately, in her family’s instance the avenue to therapy would presumably involve embryonic manipulation and 
germline editing, which will presumably involve much more discussion and potential legislative regulation.   
 
In contrast, many of these larger ethical issues do not necessarily apply in terms of using CRISPR technology to edit 
hematopoietic stem cells for therapy in diseases of the bone marrow as these edited cells are not passed on from 
generation to generation and are not perceived as man’s attempt at directing the evolution of the human race.  Here 
you would be treating “the patient rather than the germline” with CRISPR technology, which is deemed in many 
circles as far more ethically acceptable[1].   
 
Thus, it seems highly likely that bone marrow related diseases will likely represent some of the first diseases to be 
widely treated using some form of CRISPR gene editing technology when (presumably), not if, safety issues are 
resolved.   
 
* Conflict of interest concern – the authors of the article in which this quote was taken are employees of a company 
set to commercialize CRISPR technology for treating human diseases and as such disclosed a potential financial 
conflict of interest regarding the views stated.  I have no such conflict of interest. 
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