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ABSTRACT

Genetic editing has many applications in almost all areas of society, but may also lead to unpredictable consequences. Genome edi-
ting to modify the human germline is at the center of global discussion. Owing to the increasing number of unanswered scientific,
ethical, and policy questions, the scientific community agrees that it would be inappropriate to genetically modify embryos. A se-
rious and open debate is necessary to decide whether such research should be suspended or encouraged. Here we show some bold
arguments in favor of deleting deleterious genes from the human genome and the risks liberal eugenism poses.
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RESUMEN

La edicién genética tiene muchas aplicaciones en casi todos los ambitos de la sociedad, pero también puede tener consecuencias
impredecibles. La edicion del genoma de la linea germinal humana es el centro de una discusién mundial. Debido al creciente ni-
mero de cuestionamientos cientificos, éticos y politicos, muchos sin una respuesta concreta, el consenso de la comunidad cientifica
manifiesta que serfa inapropiado modificar genéticamente embriones humanos. Se considera necesario un debate serio y abierto
para decidir si se debe suspender o fomentar la investigacién en este sentido. En el presente documento, se exponen algunos argu-
mentos audaces a favor de la eliminacién de los genes nocivos del genoma humano y los riesgos que supone el eugenismo liberal.
PaLaBrAs cLave (FUENTE: DECS): eugenesia; bebé de disefio; terapia genética; mutacion; terapéutica; ingenieria genética.

Resumo

A edigio de genoma tem muitas aplicagdes em todos os &mbitos da sociedade, no entanto pode ter consequéncias imprevisiveis.
A edi¢do do genoma da linha germinal humana é o centro de uma discussdo mundial. Devido ao niimero crescente de questiona-
mentos cientificos, éticos e politicos, muitos sem resposta concreta, o consenso da comunidade cientifica manifesta que néo seria
apropriado modificar geneticamente embrides humanos. Consideramos que é necessédrio um debate sério e aberto para decidir se
é necessdrio suspender ou fomentar a pesquisa nesse sentido. Aqui mencionamos alguns argumentos audazes a favor da eliminagio
de genes nocivos do genoma humano e os riscos decorrentes do eugenismo liberal.

PaLavras-cHAVE (FonTe: DECS): Eugenia; bebés design; terapia génica; mutagio; terapéutica; engenharia genética.
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INTRODUCTION

In the same way that we can delete, copy and paste letters,
phrases, or passages of text in text editing, genetic editing
has the potential to rewrite the genome of any living
organism (1). This tool will be very useful in all sectors
of society soon, including the molecular improvement of
the Homo sapiens.

In 2019 a Chinese scientist announced gene editing in twin
sisters. Jiankui crossed the limits of ethics and science
to create a pair of AIDS-immune twins for the first time
in history. According to the scientist?, the CCR5 genes
necessary for the virus to penetrate the lymphocytes
were edited to prevent the AIDS virus from attacking.
This study sparked debates about ethical conditions in
the medical intervention field that would be morally
permitted. However, positive characteristics such as
increased intelligence, physical traits, or social skills
could be incorporated into children before birth.

Nevertheless, genetic therapy is a practice that receives
the most support among the scientific community and
public opinion. The advances in this technology will
also make possible to treat almost all human diseases.
Researchers have shown that it is possible to induce
high precision mutation, including modifying regions
as small as a base in the DNA (2).
very encouraging for the patient’s clinical treatment with

These studies are
accurate mutation.
The main discussion is embryo editing, a precision

eugenics tool. There are arguments for and against this
practice from all social sectors. Opinion studies reveal

2 See https:/Awvww.youtube.com/channel/UCn_Elifynj3LrubPKHXecwQ

that the treatment of diseases before birth is morally
more accepted by society than the editing of embryos to
predestine physical or mental qualities in our children.
This appears to be the product of cultural prejudice and
misinformation about gene editing. Influential bioethical
organizations such as the Nuffield Council suggested that
there would be no reason to declare any application of
gene editing in human embryos as immoral, as long as
the technique guarantees moral and social well-being
(3). Others claim that we have a scientific moral obli-
gation to eliminate specific deleterious genes from the
human genome (4). We encourage this position when-
ever practiced out of love for the individual, family, and
social environment.

The minority seems to favor the molecular improvement
of physical or psychological attributes. The arguments
are generally valid but provisional. Eugenic programs for
characteristics of zero adaptive value could have negative
consequences for the adaptive capacity of our species
in the long term. Here we critically analyze the position
taken by some international institutions and preeminent
scientists and opinions on the potential of gene editing
for the molecular improvement of the human being.

GERMLINE GENE EDITING SHOULD BE CONSIDERED
A MORAL OBLIGATION

What is done out of love always takes place
beyond good and evil

Friedrich Nietzsche
Genetic intervention could entail risks and unknown

consequences (5). We agree that particular technical
challenges must be overcome to improve the degree of
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WHY NOT CONSIDER GENE EDITING AS
A POTENTIAL TOOL TO “AVOID SERIOUS
GENETIC DISEASE”?

uncertainty in gene editing. For example, it is impossible
to control undesirable mutations that off-target effects can
cause. However, the technique is being perfected with
surprising speed. Several strategies to eliminate off-target
modifications have been published recently (6-9). Some
scientists claim that they can modify the genome with
precision as high as one nucleotide (10-12). This year,
they published the map of the first human chromosome
sequenced from telomere to telomere, revealing genomic
areas that were previously unknown (13). This gigantic
advance could contribute to preventing and detecting
off-target effects. A group of scientists is studying the
possibility of editing stem cells that produce sperm or
ovules before using these gametes in vitro fertilization
(14). These studies will provide significant advances
in the technique’s efficacy before any gamete is even
considered to create an embryo (14). We are confident
that in the future, this technology would be safe enough
to use in baby design to the delight of the people who
would accept gene editing in their germlines.

Ethical implications will undoubtedly take much longer
to resolve. There is extensive debate on whether editing
babies” genomes is morally correct. The conclusions
usually lean towards rejection, and in some cases, his-
torical background have motivated increasing ethical
concern in eugenic thinking. Based on possible eugenic
effects, arguments arise against genome modification in
the germline (15).

Eugenics practices have been present in the history of
man since the beginning of humanity. In Sparta, for
example, robust women were encouraged to bear strong
children, while children born weak or with imperfections
were killed (16). Terrifying cases were recorded in the
late 1930s when negative eugenics was adopted as a
governmental practice in Nazi Germany. Richard and
Lina Kretschmar petitioned Hitler to assassinate their
son Gerhard Kretschmar, who was born with deformed
limbs. Hitler approved his death and extended a racial
cleansing program for other underprivileged children.
Several countries adopted sterilization policies as neg-
ative eugenics measures in the mid-twentieth century.
In the early 1990s, Preimplantation Genetic Diagnosis
(PGD) was subtly masked as a new eugenics practice.
Embryos that fail genetic testing are discarded prior to
implantation to select healthy embryos. Several public
opinion studies indicate that around 75 % of respondents
approve PGD as a tool to “avoid serious genetic disease”
(17). We will not enter into a deep ethical discussion
about PGD, knowing that it is considered a medical
procedure and has been established in many IVF clin-
ics. We intend to answer the following question: Why
not consider gene editing as a potential tool to “avoid
serious genetic disease”?

Bioethicists often debate whether there is an ethical
distinction between modifying and selecting human em-
bryos. Joshua Shaw (18) raises questions about whether
a significant moral difference can be drawn between
the two techniques

Arguments which distinguish modification from
selection can be understood in two ways. One is
to read them as presenting a No Harm, No Foul
argument. Another is to read them as presenting
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a Harming versus Letting Be argument. Neither
succeeds, however, either in establishing a mean-
ingful moral distinction between modification and
selection, or in showing that the second is morally
permissible in contradistinction to the first. (18)

On the other hand, Christoph Rehmann-Sutter (19)
draws a line between modification and genetic selection,
arguing that the latter would be ethically permissible
compared to the former:

The future children who would result from
treatment by human germline gene editing
may rather have an interest in not having been
treated since it makes the intergenerational re-
lationships more complicated and burdensome.
The question is genetic editing justified, or even
an obligation? (19)

Before answering Christoph Rehmann-Sutter’s ques-
tion, we would like the reader to consider the following
statement:

A couple decides to have children and go to a doctor
for a genetic diagnosis. After conducting some tests,
the doctor discovers that both parents are homozygous
carriers of harmful mutations in the BRCA1 and BRCA2
genes. These are responsible for almost half of families
with cancer and up to 90% of families with breast and
ovary cancer (20). After the emotional load of the news,
the couple asks the doctor if there is any preventive
treatment for their children. The doctor answers that
the government approves a speciﬁc genetic intervention
with the same probability of causing side effects as any
other medical treatment and that it is in their hands to
decide if genetic editing is justified or an obligation.

It seems that the most reasonable answer would be for
the couple to accept medical treatment, and here we
will cite some arguments:

e Arguments in favor of the future human being (the
embryo). The embryo could be considered a poten-
tial human being, and in that case, it has the right
to exist and enjoy the highest degree of health that
can be achieved (21). Indeed, the future patient (the
embryo) will not be able to listen to the risks and
consequences of the treatment, much less will be able
to authorize medical intervention. However, it may
be possible to accept the consent of those linked to
them for family or legal reasons, considering that he
is intellectually and emotionally unable to understand
the scope of medical treatment (as is currently done
when the patient is a minor).

e Arguments in favor of the family. The couple who
decides to have a child will have the moral obligation
to seek, making use of all available information, the
best possible treatment or, at least, not the worst
treatment that maximizes the quality and the possible
lifetime for their future child (similar to the principle
of “procreative benefit” proposed by Savulescu, 22).
Considering this principle, the eradication of diseases
as severe as cancer in the embryo is not only justified,
but also becomes a moral obligation because no the-
ory would deny that chronic pain caused by disease
would reduce the well-being and happiness of the
future child (the embryo) and their family.

e Arguments in favor of the company. Delivering a baby
without genetic treatment will increase the rate of
mutations in the male gene pool, which may pose a
risk to future generations. These disease-predisposed
individuals will eventually undergo invasive clini-
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cal treatments, spending much more of their time
and money on medical treatments and therapeutic
products. Like cancer, several types of diseases are
worthy of being eliminated from the human genome,
which would allow future generations to enjoy bet-
ter health than we currently have. Scientists argue
that eliminating mutations from our genome is not
only something merely permissible but should be
considered a “moral imperative” (23).

Disease treatments using genome editing were endorsed
positively by highly influential bioethics institutions such
as the Nuffield Bioethics Council of the United Kingdom,
with arguments such as the following:

Complex diseases, where there is a significant risk
of later morbidity or mortality requiring intrusive
or invasive treatment, or where later treatment
would or might be ineffective. (3)

Furthermore, the Nuffield Bioethics Council does not
restrict itself to accepting germinal genome editing
technologies as clinical use. It also opens the possibility
of asking ourselves what other positive value results we
could achieve through embryo editing. The report sug-
gests a wide range of applications offered by germinal
genetic treatment, including the possibility of enhancing
physical or cognitive abilities (3).

PART OF THE POPULATION IS MORALLY READY FOR
BABY DESIGN

Nothing vast enters the life of mortals
without a curse

Sophocles

According to some studies, the reduced support for human
genome editing is a consequence of common mistakes
made by even some of the most prominent biomedicals
in thinking about the ethics of human enhancement.

Improvement practices in our species exist from im-
memorial times, although the techniques have changed
throughout history. Practices such as the “screening” of
embryos using the PGD technique and the subsequent
“selection” of presumably healthy embryos are frequently
used in genetic improvement programs of any other
organism. Therefore, classifying embryo editing as the
“emergence of a new era of eugenics” (or similar) is
perhaps not the most appropriate. We could consider
embryo editing as an additional tool to human genetic
improvement programs, currently approved in many
countries as PGD . We could even distinguish PGD as a
damaging eugenics practice because it discards embryos
with abnormalities.

In contrast, embryo editing could be more included in
the type of positive eugenics, which recognizes the im-
provement of the human species as the only limit. Some
critics consider the first morally permissible in contrast
to the second (23). However, the two techniques could
not be independent because at least one PGD step
would be necessary (23).

Genetic modification could aid selection processes.
The selection of embryos for complex polygenic
characteristics may need to produce and discard large
numbers of embryos in search of the desired genetic
combination (if possible). Genetic editing, for its
part, promises to treat multiple genes that influence
a specific trait with greater efficiency. It has been
suggested that, if embryo editing was highly efficient
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WE COULD CONSIDER EMBRYO EDITING AS AN ADDITIONAL TOOL TO HUMAN GENETIC
IMPROVEMENT PROGRAMS, CURRENTLY APPROVED IN MANY COUNTRIES AS PGD.

and safe, it could even increase the efficiency of in
vitro fertilization and PGD processes (24), including
the selection of monogenic characteristics when the
proportion of embryos is low (when both parents are
heterozygous dominant) (25).

On the other hand, we would like to discuss arguments
commonly used by detractors to embryo editing. Some
bioethicists claim that a distinction should be made
between genetic modification and selection because
they consider the former more intrusive than the latter
(18). Dramatic concerns move around interpersonal
relationships of modified individuals with their parents
or society (19). In this sense, questions arise: What would
be the implications of embryo editing in the parent-child
relationship? Will society discriminate against improved
individuals? There is certainly no absolute answer to
these questions due to the complexity of human be-
havior. We could predict public opinion attitudes using
mathematical models built by Dalege (26). Eventually,
positive and negative situations will occur. However, we
can recognize the population’s attitudes to the genetic
effects caused by the lifestyle we lead.

Our habits can affect the health of future generations.
There is extensive evidence of spontaneous mutations
and epigenetic modifications established in the germline
(similar to gene editing) due to environmental effects
influencing the health and well-being of our children
(27). For example, nutritional changes in the pregnant

mother affect the prevalence of type 2 diabetes, obesity,
dyslipidemia, hypertension, hyperinsulinemia, metabolic
syndrome, and vascular diseases, the effects of which
can be transmitted to the embryo for more than one
generation (28,29).

For decades, the World Health Organization has rec-
ommended diets fortified and supplemented with folic
acid for women trying to get pregnant, mainly in the
preconception period (30). It is widely accepted that
folate deficiency causes embryonic malformations due
to modifications in epigenetic marks, resulting in con-
genital diseases (30). Another classic example is that of
babies of women subjected to severe food restrictions
in the Second World War, who were diagnosed as low
birth weight, and this phenomenon persisted for at
least two generations (31). In the same way, various
genetic disorders are caused by poor eating habits, lack
of physical activity, obesity, the use of drugs, tobacco, or
alcohol (27,28,30,32,33). As aresult, parents are primarily
responsible for the next generations” health, at least in
their reproductive stage.

Considering these studies, prejudices about interper-
sonal relationships may take a back seat. As far as we
know, no one has filed the first legal claim against her
grandmother for eating poorly in her preconception
period, nor have tobacco companies been sentenced
for the potential risk their products have on the health
and well-being of future generations. The most ironic
thing is that scientists study how to eliminate certain
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epimutations caused by our bad habits using embryo
editing techniques (34). This should be a relief to the
public willing to accept germline genetic treatment.
The rejection of genome modification in these aspects
seems to result from the paranoia generated by the
media and misinformation.

Influential international organizations, such as the Nuff-
ield Council, consider that the editing of embryos in the
germline could be considered as morally permissible,
even in the cases modestly called “human enhance-
ment” (molecular improvement of the H. sapiens). We
encourage the report points stating that, in the long
term, there may be no moral reasons to ban embryo
editing in a wide range of possibilities (3):

* Built-in genetic resistance or immunity to endemic
disease

e Tolerance to adverse environmental conditions
* Supersenses or superabilities

e Other factors that are likely to improve the welfare

It should be highlighted that both the International
Commission on the Clinical Use of Human Germline
Genome Editing and The Nuffield Council on Bioethics
concluded that the modification of human embryos could
still cause unexpected consequences, and for now, they
cannot be used efficiently and reliably (3,14).

Studies indicate that a large part of the population
is dissatisfied with the idea of improving physical or
cognitive characteristics. Sometimes it may not be
clear the difference between bringing babies without
serious illnesses into the world and editing them to be
taller or more brilliant. Those in favor of embryo edit-

ing to prevent congenital diseases could argue that it is
necessary to avoid the physical suffering of the future
individual that, otherwise, could end with disturbances
in their physiological functions. Those in favor of editing
embryos for aesthetic purposes might say that they do it
to avoid the mental suffering of the individual that could
otherwise end up with imbalances in their psychological
functions. Doctors consider that the suffering caused
by a perceived defect may not be different for a patient
than the pain caused by a physical disturbance (35).

Furthermore, the two situations seem to be protected
by the right to an open future. Beauty, for example, is
an indicator of morality in contemporary society. Social
psychologists call it the “halo” effect to the social thought
that the most attractive people are considered the most
competent, confident, and socially skilled compared to
the least attractive (36). More attractive individuals are
more likely to be hired, promoted, considered more
persuasive, have more dating and sexual experiences
(35). Attractive people have so many social and economic
advantages that we might assume that they are happier
than other people (35). Thus, questions arise such as: Is
not it the parents’ duty to prioritize the children’s right
to happiness?

Beauty is an intersubjective notion. It only exists in
humanity’s collective imagination, but its impact can be
gigantic like that of other critical intersubjective forces
in history: laws, money, gods, nations (37). The reader
may be shocked by this line of thinking. However, many
will be spending considerable sums of money on cos-
metic products and aesthetic treatments so that their
children can show a white, clear, and perfect smile to
society and thus have more possibilities to make friends
and influence people. This social behavior has been
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responsible for imposing the value of aesthetic quality
in our thinking, the same herd thinking with which we
judge people who care too much about being beautiful.
However, to what extent can aesthetic suffering be con-
sidered a pathology worthy of being corrected before
birth? This discussion is temporary; ethics evolve. For
now, there are objective, solid reasons to reject embryo
gene editing: It is not efficient, it is not reliable (3,14).

We are responsible for the future of the H. sapiens gene
pool. Liberal eugenics programs have been proposed in
favor of genetic improvement with minimal intervention
from the state. Even the Nuffield Council mentions that
apparently, there are no fundamental reasons to differ-
entiate the use of embryo editing to prevent diseases
from human improvement (3,4).

However, in the long term, eugenic programs could put
the adaptive abilities of our species at risk. The dissem-
ination of aesthetic medicine practices has influenced
the morals and behavior of people, which many spread
like a virus in society. For example, the disclosure of
the hormonal treatment of Lionel Messi (Argentinian
soccer player) influenced the wishes and behavior of
parents of children with short stature. According to Dr.
Schwarsztein:

Ever since the therapy given to Messi became
public knowledge, for many people the growth
hormone has been transformed into the ‘magic
drug’ that makes little children grow... many
parents are demanding from their paediatricians
the same treatment given to Leo Messi. (38)

Indeed, an additional 10 cm could not be decisive for
Lionel Messi to achieve his dreams and become one

of the best footballers of all time. What is worrisome
is the bubble effect that this type of news can have on
our beliefs and opinions. Liberal eugenics programs
could put the genetic diversity of H. sapiens at risk if
we speculate that it becomes possible to edit embryos
for polygenic characteristics over the years.

Genetic improvement has benefited humanity for thou-
sands of years. However, we simplify certain organisms
so that some life forms can only be maintained through
human intervention and today coexist with our species.
Furthermore, the experience with PGD shows us that
not only positive characteristics are demanded by the
population. In 2008 it was announced that 3% of clinics
used PGD to identify embryos with markers for deficiency,
such as deafness or nanism (18). Shared love between
families with the same culture could be a valid argument.
The question is: Are we ready to edit embryos to put
them in a less open future? International legislation
should consider the genetic responsibility that we have
with future generations. We are responsible for what
will happen to the gene pool that we have acquired over
millions of years. Governments have a great responsibility
for molecular tools, which could well change the course
of the evolutionary history of our species.

WHO WILL DECIDE THE FUTURE OF GENOME
EDITING TECHNOLOGIES?

No man is good enough to govern another man
without that other man’s consent

Abraham Lincoln

Studies reveal that the population is mainly afraid of
uncertainty about possible complications resulting from
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INTERNATIONAL LAWS REGULATING GENE
EDITING WILL BE NECESSARY IN A WORLD
THAT IS EXTREMELY MULTICULTURAL.

intervention in patients’ DNA (39). The current pan-
orama shows the difficulty of specifying global policies.
The focus of the debate seems to be on germline gene
editing. Support for genetic editing is typically drasti-
cally reduced when it improves physical or cognitive
characteristics. We must accept that once we unleash
precision medicine, the door will be open for genetic
enhancement purposes.

Furthermore, embryo editing in clinical treatments could
accidentally cause human enhancement in several ways.
For example, it has been shown that the overexpression
of genes to prevent neurological diseases can improve the
cognitive potential of mouses and even increase the life
span by up to 30% (40). Before starting to write the
political outlines, this type of pleiotropic effects must
be considered from all spheres of society.

International laws regulating gene editing will be neces-
sary in a world that is extremely multicultural. Sixty-four
percent of Americans interviewed indicates that the
government should be responsible for using genetic
editing for clinical treatments (41). Moral values differ
primarily about gene therapy and embryo editing. This is
perhaps one of the main concerns when structuring legal
and regulatory laws. Medical tourism and the emergence
of clandestine clinics are some of the main challenges
associated with the governance of gene editing (42). Inter-
national institutions recommend that the public opinions
of all sectors should be considered before creating laws

and regulations (3,14). However, human genome editing
has received 30% greater acceptance when people are
well informed about scientific issues (4). Some even
suggest not relying too much on public opinion because
it may reflect cultural preconceptions (43). Society and
institutions have a significant educational challenge to
improve our knowledge of these new technologies. In this
way, we can prevent our opinions from being influenced
by the political weapon of disinformation.

The knowledge of genome editing correlates with the
acceptance of gene editing (44). In contrast, high levels
of religious orientation are associated with lower support
levels for genetic editing (44). Global surveys show that
the population is usually more doubtful when genetic
intervention treats diseases (45,46). Although gene
therapy could save lives, universal acceptance today is
far from being a reality.

CONCLUSIONS

Part of the population favors the use of gene therapy
for clinical purposes. Support in this context is essential
to stimulate the development of this technique by the
public and private sectors. Somatic cell gene editing
offers enormous potential for biological and therapeutic
applications. The center of the discussion arises when
it comes to inducing changes in the germline in human
embryos. The main arguments against genetic manipu-
lation arise from religious, social, and scientific perspec-
tives. The time has come to start a reasoned reflection
on the pros and cons of genetic manipulation. There are
certainly risks and dangers associated with a gene-editing
technique, which are nevertheless being overcome with
fantastic speed. It will take a more significant effort to
resolve ethical and social implications and must be widely
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discussed to prevent discrimination and stigmatization.
Institutions and academics seem to be reaching a con-
sensus that the use of gene editing to treat congenital
diseases is morally permissible. We agreed with some
scientists that it should be a moral imperative to modify
DNA sequences that cause severe diseases to eradicate
chronic diseases.

On the other hand, liberal eugenics is supported by a
small group of academics that accept gene editing to
improve physical and cognitive characteristics. If this is
possible one day, our main concern will be our future
generations’ responsibility. The gene pool of H. sapiens
was acquired over thousands of generations, and it could
be a bit naive to modify it for selfish whims.

Influential organizations suggest that regulatory measures
must come from inclusive debates. Education will play a
fundamental role in political decisions if we want to have
the objective opinion of the public. Our first thoughts
are that genetic editing must be regarded as a common
good for everyone. However, the world is unequal, which
furthers us from the democratization of gene editing.
Current eugenics programs (in vitro fertilization and
PGD) are only available to a small population group.
Foremost minds have a heavy intellectual burden to
achieve international consensus on political decisions
based on love for the individual, the family, this society,
and future generations. Love eugenic should include
the essential elements described by Erich Fromm: care,
responsibility, respect and knowledge (47).
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