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Abstract

This article reviews ethical issues related to genome editing using CRISPR/Cas9 system. The use of CRISPR/
cas9 revives many previous social and ethical issues with humans, other organisms and the environment, such as
taking into account the non-maleficence principle in risk assessment, genome editing in germline, safety issues to
avoid ecological impairment or the possible use of the technique for genetic enhancement. The new issue is the
relatively simple construction and low cost of CRISPR/Cas9 for genome editing, with the possibility of multiple
purposes. A public dialogue over the social, ethical and legal implications with the regulatory needs of the system is
necessary.
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Introduction
For many years molecular biologists have been looking for using

cellular repair processes to intervene and modify DNA of organisms by
guided genome editing; thus is, to change the organism genome by
introducing a new function or correcting a mutation. In the last years
CRISPR/Cas9 has been chosen as preferred method for genome editing
due to its high degree of fidelity, relatively simple construction and low
cost. These characteristics make this technique attractive to be used by
any molecular biology lab, but the problem is that can be used for any
purpose unless be regulated. This paper reflects on the ethical issues
arising from the use of this technique.

Function and Origin of the Crispr/Cas9 System
The CRISPR/Cas9 system exists in nature as a prokaryotic immune

system that confers resistance to foreign genetic elements such as
plasmids and bacterial viruses [1,2]. CRISPR refers to “clustered
regularly-interspaced short palindromic repeats” consisting in short
repetitions of DNA sequences followed by short segments of spacer
DNA originated as result of exposition to a bacterial virus or plasmid.
The cas (CRISPR-associated) genes code for nuclease or helicase
proteins associated to CRISPR repeats with the function of cutting or
unwind DNA [3]. CRISPR system functions storing DNA sequences
from invaded viruses or plasmid and when the same type of virus
invades again, the system recognizes it using the transcribed RNA
sequences and directs a cas nuclease to cut the DNA. Cas9 was isolated
from bacterium Streptococus pyogenes and is a nuclease able to cut
DNA in two active cutting sites at each strand of the double helix of the
DNA. Doudna and Charpentier discover that bacteria respond to
invading phages by transcribing spacers and palindromic DNA into a
long RNA molecule which is cut into pieces (called crRNAs) by using
trans-activating RNA (tracrRNA) and protein Cas9 [4]. Later it was
discover that the combination of tracrRNA and spacer RNA into a
single guideRNA mixed with Cas9 could be programmed to find and
cut specific target DNA segments, thus provided with the ability of
gene editing [5,6]; crRNA contains a segment able to bind tracrRNA

forming a hairpin loop; cas9 is able to modify DNA utilizing crRNA as
guide being able to recognize a specific site in host DNA and cleave
one or both strands of DNA. A DNA repair template is used for repair
process in either Non-Homologous End Joining (NHEJ) or Homology
Directed Repair (HDR) inserting a specific DNA sequence for the
desire function. Generally a plasmid is used to transfect target cells
with CRIPSPR/cas9 or a virus is used as vector. The crRNA is designed
in order that Cas9 is able to bind the DNA of the cell only where
editing is desired. The DNA repair template is also designed in order to
overlap with the sequences on either side of the cut and code for the
insertion sequence.

Applications of the Crispr/Cas9 System
The CRISPR/Cas9 system has many potential applications due to its

ability to cut the DNA of any genome at any desired location by
introducing the cas9 protein and appropriate guide DNA into a cell
[7,8]. The system has the ability for genome editing and gene
regulation in many types of organisms facilitating the function
elucidation of target genes in biology and diseases. Efficient genome
editing has been demonstrated in multiple organisms, including
bacteria, plants, insects, fish, reptiles, birds and mammals [9-12]. Feng
Zhang in 2013 achieved for the first time the genome editing
intervention of human cells by engineering a novel version of CRISPR/
Cas9 [13].

CRISPR/Cas9 system can be engineered for many desired functions
[14]. The system can introduce DNA in the germline of any organism,
and modify somatic genes by genomic editing. CRISPR/Cas9 has been
modified to program specific transcription factors to target and
activate or silence specific genes [15]. A CRISPR interference platform
has been developed for gene silencing, regulating gene expression by
binding to the non-template DNA strand of the coding region blocking
the transcription elongation process [15]. CRISPR/Cas9 can also
inactivate genes inhibiting their transcription by methylation of
targeted DNA [16].

CRISPR/Cas9 can be used to create animal models for research to
mimic diseases or study development by mutating or silencing genes.
For example, a mouse model have been developed to test the
deleterious effects of mutations in cancer by introducing loss of
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function mutations in tumor suppressor genes or gaining of function
in proto-oncogenes [13]. The animals can be created at the germline
level, changing DNA at specific targeted level or anywhere in the
genome [17]. Cellular models of human diseases have been created
using CRISPR/Cas9 [18].

CRISPR/Cas9 has been also used efficiently to induce genomic
alterations in plants improving crop quality or introducing disease
resistance [19-23].

The phenomenon of pushing a genetic trait through a population in
a non-Mendelian fashion is called gene drive. RNA-guided gene drives
based on CRISPR/Cas9 technique may spread altered traits for many
generations in a population copying themselves many times in the
genome. A method called the mutagenic chain reaction based on
CRISPR/Cas9 technique can generate autocatalytic mutations to
produce homozygous loss of function mutations, spreading from
chromosome of origin to homologous chromosome in the vast
majority of somatic and germline cells [24]. Among other uses, gene
drives could be used to control damaging invasive species, reverse
pesticide and herbicide resistance in insects and weeds in agriculture
or prevent the spread of disease [25]. Using this possibility, researchers
were able in the lab to spread genes in mosquitoes that prevented them
from harboring malaria parasites and also to render female mosquitoes
infertile [26].

Genome editing has the potential to cure diseases by disrupting
endogenous disease-causing genes, correcting disease causing
mutations or inserting new genes with protective functions. The
technique can be used in biomedicine to develop tissue-based
treatments for cancer and other diseases [27]. For example, CRISPR/
Cas9 may target HIV provirus to mediate excision of the integrated
viral genome or prevent cellular entry of the virus [28]. The technique
has also shown that can correct the mutation causing cystic fibrosis in
intestinal stem cells derived from patients [29].

Also it will facilitate transplanting animal organs into people by
eliminating copies of retrovirus present in animal genomes that may
harm human recipients [27]. CRISPR/Cas 9 in combination with
induced pluripotent stem cells may have the potential to enable the
creation of human organs in chimeric pigs, with the possibility of
having an unlimited supply of organs not rejected by the immune
system of human recipient [30]. In conjunction with blastocyst
complementation, the technique CRISPR/Cas9 may produce
multigene mutations of essential regulators of vascular and lymphatic
tissues in the desired organ, making it ready for transplantation.

Altering DNA in human embryos is also possible. Some scientist
from China in 2015 published a paper in the journal Protein & Cell
(previously rejected in Science and Nature due to ethical concerns)
reporting the alteration of DNA using abnormal human embryos
previously rejected for in vitro fertilization use. They have limited
success in correcting a mutation that causes the disease of beta
thalassemia using CRISPR/Cas9 [31]. The experiments resulted in
changing only some of the genes, and had off-target effects on other
genes. Authors stated that the technique is not ready for clinical use.
The application of this technique into the zygote or early stage embryo
allows the modification of all cells of the organism, including the
germline that can be passed to subsequent generations. Scientists are
looking for eliminating disease causing genes from the population.

Ethical Issues

Balance of risks and benefits
An important ethical issue in research is that benefits must be

greater than risks. Greater attention must be place on risks, since they
may damage living beings or the environment. The application of
CRISPR/Cas9 technique involves risks since it may produce off target
mutations, which can be deleterious. A high frequency of off target
effects has been found in human cells, but low in mice and zebrafish
[32,33]. One problem is that large genomes may contain multiple DNA
sequences identical or highly homologous to intended target DNA
sequence. CRISPR/Cas9 may cleave also these unintended sequences
causing mutations which may cause cell death or transformation
[34,35]. Efforts have been made to reduce off target mutations, but
further improvement is needed, especially for precise modifications
needed for therapeutic interventions [10,12,36]. Another important
problem is the efficient safe delivery of CRISPR-Cas9 into cell types or
tissues that are hard to transfect and/or infect.

Ecological disequilibrium
In experiments using RNA-guided gene drives based on CRISPR/

Cas9 technique, it is necessary to probe specificity considering off
target effects. Since gene drive is still operating in created beings, the
possibility of mutations off target continues and may increase each
generation. If there is risk of transferring genes to other species, then
there is risk of transferring modified sequences, passing the negative
trait to related organisms even across political borders [25]. The
dispersion of gene drive trait may be difficult to control. Furthermore,
the disappearance of a whole population targeted by gene drive may
carry drastic consequences in the ecosystem equilibrium. For example,
other plagues may be developed. Some scientists have warned about
the risks of accidental release in the environment of experimental
organisms modified using gene drives [37]. This demands careful
assessment of each potential application and the need of regulatory
norms [37]. Safety measures are necessary in order to avoid
disseminations of organisms that may cause ecological damage or
affect human health.

Regulations for consumers
The efficacy of CRISPR/Cas9 technique to obtain precise genetic

modifications makes more difficult to identify a genetically modified
organism once outside the lab and also to regulate this organisms in
the market. Regulatory Agencies such as the Food and Drug
Administration in the US, must approve any genetically modified
organism for consumers, but it is not clear how they will handle the
possibility of an expanded market using CRISPR/Cas9 [38].

Another issue is the regulation of patenting. There are many
economic interests involved. For many years transgenic organisms
have been patented when they have an industrial use; also human gene
sequences have been patented for clinical use; what has made possible
an enormous growth of biotechnology. However, the practice of
patenting may originate litigations. Already, there have been
controversy and frictions among biotechnological companies over
patenting CRISPR/Cas9 for therapeutic use in humans. Researchers
Zhang versus Doudna and Charpentier disputed over the patent of the
technique for use in human cells. Patenting can also be too broad in its
applications. On one hand patenting raises the ethical issue that puts
the emphasis in profit giving too much power to biotechnological
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companies, but in the other hand patenting may help regulate the field.
But the emphasis must be in to commercialize or release only safe
products.

Application of CRISPR/Cas9 technique to human germline
Ethical concerns have been raised regarding the possibility of

genome editing in human germline, thus is the genome that can be
transmitted to following generations, be from gametes, a fertilized egg
or from first embryo divisions [39,40]. Until now, all therapeutic
interventions in humans using genome editing has been performed in
somatic cells, but the experiment of Chinese researchers Liang and
collaborators has created concern over the possibility of making
changes in human germline [31]. The difference lies in that intended
therapeutic genetic modifications in the germline may be transmitted
to following generations. In general, therapeutic genome editing
interventions in somatic cells is ethically accepted, considering the
balance between risks and benefits and the use of informed consent.
But germline cells are not the same, since the CRISPR/Cas9 technique
can produce mutations and side effects, unpredictable changes may be
transmitted to future generations. Also, there are problems in how to
implement informed consent when there are risks and the effects could
be transmitted to several generations [41,42]. In light of the possibility
to alter human genes, some scientists are calling to a moratorium on
applying CRISPR/Cas9 to the human germline. These scientists
support basic research on CRISPR in cell lines or in somatic cells, but
do not see CRISPR as developed enough for any clinical use in making
inheritable changes to humans [43].

Already in 1997 UNESCO issued the Universal Declaration on the
Human Genome and Human Rights recommending a moratorium for
intervening genetically human germline. In December 2015, the
International Summit on Human Gene Editing, which gather members
of national scientific academies of America, Britain and China,
discussed the ethics of germline modification. They agreed to proceed
further with basic and clinical research under appropriate legal and
ethical guidelines, but altering of gametocytes and embryos to generate
inheritable changes in humans was claimed irresponsible. In addition,
they agreed to initiate an international forum where these concerns
will be continuously addressed, and regulations in research
harmonized across countries [44]. The US National Institute of Health
issued a statement, calling for a moratorium, banning NIH-funded
research into genomic editing of human embryos [45].

However, in February 2016, British scientists were given permission
by regulators to genetically modify human embryos by using CRISPR/
Cas9 and related techniques only for research [46].

Therefore, the genomic editing of human embryos for therapeutic
reasons is being hold so far. The risks of hereditable unpredictable
genetic mutations are greater than the possible benefits of therapy,
affecting the principle of non-maleficence. The technique should be
fully safe in order to try therapy in the germline. Furthermore, if
damage were introduced, there will be a problem to whom make liable
for the damage for following generations.

Once genome editing reaches enough safety level to allow clinical
applications for preventing the development of genetic diseases,
further discussion will be needed, considering social, legal and ethical
implications and the need of regulatory norms to avoid abuses of
germline genome editing.

Genome editing for enhancement
Another ethical issue to discuss is the possibility of non-therapeutic

interventions using genome editing. Its use in germ line is ban for
safety reasons. But, the efficiency of CRISPR/Cas9 technique increases
the possibility to intervene somatic cells in order to match genetics to
our life interests. Many phenotypic characteristics have a genetic
component, apart from environment, which could be intervened. For
example, the technique could be used to enhance performance of
athletes or to prevent violent behaviour or diminish addiction.
Generally, gene therapy looks to improve the health of a patient for its
own benefit, but it may happens in the future that the criminal justice
system mandate genome editing of genes related to violence for repeat
offenders or violent dangerous criminals [47]. If the intervention is
done during development, there are problems of informed consent
with minors, since it is questionable that parents or guardians should
be allow to decide for them their future for non-health reasons.
Socially, there will be a problem if some populations or individuals
may be enhanced genetically having advantage over others, for
example in intellectual capacity.

Formation of animal chimeras for organ transplantation

The development of human/animal chimeras for organ
transplantation may provide hope for many that have to wait
invaluable time for a human organ donor available. But the formation
of these chimeras may carry human neural and germ cells [48].
Chimeras have raised ethical concerns over their risk and on the
violation of the order of nature, producing moral confusion on how to
treat the organism, as animal or human? [30,49,50]. For some,
chimeric embryos possess the potential to develop organisms with
human-derived cells or tissue, which may affect the identity of the
human species, affecting its dignity. But, that an organism contains
human cells does not convert the organism into human, neither affects
its dignity. The human like characteristic associated to the chimera are
only of biological nature, does not affect the moral status of the animal,
they do not achieve consciousness for example.

Conclusion
Many have urged a public dialogue over the social, ethical and legal

implications of using genome-editing technique in human germline,
but there are other relevant issues to be discussed in relation with this
technique as well. The use of CRISPR/cas9 revives many other social
and ethical issues, not only with humans, also with other organisms
and the environment, such as taking into account the non-maleficence
principle in risk assessment, safety issues to avoid ecological
impairment or the possible use of the technique for genetic
enhancement.
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