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Since the discovery of 22,300 protein-coding genes 
by the Human Genome Project, geneticists have generat-
ed tools to manipulate DNA using engineered nucleases 
such as clustered regularly interspaced short palindrom-
ic repeats (CRISPR)/CRISPR-associated protein (Cas) (1-
3). Concurrent advancements in stem cell research have 
allowed for de-differentiation of somatic cells back to a 
pluripotent state, known as induced pluripotent stem 
cells (iPSCs), which can then be re-differentiated into any 
cell type (4). This review is focused on the safety and eth-
ical concerns of the intersection between gene editing 
and iPSCs to create genetically corrected injectable cells 
for therapeutic purposes. To emphasize the importance 
of genetically engineered injectable cells, we will discuss 
the application of this approach for treatment of chronic 
disorders, prevalent in the western world.

Although the use of genetic engineering allows for 
site-specific	genetic	alterations	(3),	future	consequences	
of this approach remain in juvenile stages. Older gene 
editing techniques, such as transcription activator-like 
effector	 nuclease	 (TALEN)	 and	 adeno-associated	 virus	
(AAV),	 present	 with	 limitations	 of	 non-specific	 site	 tar-
geting,	cytotoxicity,	and	low	vector	transfer	efficiency.	In	
one case of heart disease, AAV vectors caused fever and 
muscle spasm in patients, emphasizing the importance 
of performing prior safety trials (5). Fortunately, the new 
CRISPR/Cas9	 has	 been	 revolutionizing	 the	 field	 by	 its	
simplicity,	low	toxicity,	and	high	efficiency.	The	ability	to	
simultaneously deliver multiple single-guided RNAs us-
ing CRISPR/Cas9 has allowed for editing genes in poly-
genetic	forms	of	diabetes	and	heart	disease	(6).	The	first	
clinical trial is currently being conducted using CRISPR/
Cas9 in a small human lung cancer population, in which 
the safety of these methods will be monitored. 

The employment of iPSCs in gene editing allows for 
the	 introduction	 of	 desired	 cell-specific	 genetic	 altera-
tions (4). However, even less is known regarding future 
consequences of this approach. Risks associated with 
using stem cells for gene editing include the type of cells 

used, the procurement, culturing, the level of manipula-
tion, and site of injection. These risk factors may lead 
to tumourigenesis, immune activation, and bio-transmis-
sion	of	pathogens.	Limitations	in	safety	databases,	such	
as low numbers of treated patients and limited long-term 
follow-ups,	leads	to	a	lack	of	scientific	understanding	of	
the long-term consequences (7). Currently, scientists are 
investigating ways to manage these risks. To better ad-
dress the immune rejection issues of iPSCs, scientists 
are investigating the use of CRISPR/Cas9 to form univer-
sal donor stem cells (UDSCs), which lack antigens that 
are usually targeted by the immune system (8).

With these limitations in perspective, scientists are 
monitoring the application of gene-edited iPSC-derived 
injectable cells in cultures and small clinical trials. This 
novel approach has been applied to treatment of mono-
genetic cardiovascular disease and type I and II diabetes 
(T1D and T2D, respectively). One recent study corrected 
phospholamban-dependent cardiomyopathy and gen-
erated human PSC-derived cardiomyocytes (9). Geneti-
cally engineered iPSCs have also been applied to T1D, 
a disease resulting from the autoimmune destruction 
of	pancreatic	β-cells.	 It	has	been	proposed	 that	by	dif-
ferentiating	β-cells	from	UDSCs,	the	immune	attack	can	
be bypassed (8). Concordantly, genome editing has been 
used in T2D, a disease that results in peripheral tissue 
insulin	resistance	and	pancreatic	β-cell	exhaustion.	Fur-
thermore, genome-edited iPSCs have been used to show 
that	 the	haploinsufficiency	of	 key	 insulin-related	genes	
is	 sufficient	 for	 early	 exhaustion-induced	 β-cell	 death,	
identifying targets for gene correction (10). Moreover, 
we propose that these methodologies may be applied to 
re-inject iPSC-derived hematopoietic stem cells, geneti-
cally	engineered	to	be	less	pro-inflammatory,	to	dampen	
the	inflammation	and	insulin	resistance	in	peripheral	tis-
sues. 

The	 findings	 of	 these	 studies,	 which	 reaffirm	 the	
importance	of	this	field,	need	to	be	cautiously	assessed	
at every stage. The obscurity in future consequences 
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of genome editing also challenges the Hippocratic oath 
of	non-maleficence.	If	genome	editing	is	the	future	direc-
tion of medicine, there needs to be a consensus on the 
extent	of	its	clinical	application.	There	is	the	likelihood	of	
this	technique	being	first	available	to	the	wealthiest,	and	
used for purposes of self-improvement instead of the treat-
ment	of	life-threatening	illnesses.	Critics	argue	that	the	fis-
cal load of genome editing will not allow its advancement 
into	medical	practice.	However,	the	cumulative	lifetime	fi-
nancial and medical burden of chronic disorders begs for 
an alternative approach that may not only manage these 
diseases but treat them. Therefore, before genome editing 
reaches this capacity, there needs to be an open dialogue 
for establishing governmental policy framework, patents, 
and regulations that are systematically monitored. 

Today, the application of genetic engineering on iPSCs 
is an attractive approach that removes the drawbacks of 
donor genetics.  While there remain several safety and 
ethical issues with this method, the discoveries achieved 
for	 cardiomyopathies	 and	 diabetes	 from	 this	 scientific	
intersect cannot be disregarded. Therefore, it is important 
to further navigate the ethical and safety concerns through 
immediate strategic actions by scientists and governing 
bodies, and to accelerate this treatment for these highly 
prevalent and chronic diseases. ¾
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