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Abstract

Current developments in reproductive technology forecast that in the foreseeable
future artificially generated gametes might be presented as a possible fertility
treatment for infertile couples and for homosexual couples desiring to have children
genetically originating from both partners. It is important to evaluate the ethical
issues connected to this technology before its emergence. This article first reviews the
meaning that gametes (sperm and eggs) might have to those who procreate, as well
as their ontology. From this, suggestions are made as to what qualities artificially
generated gametes need to be truly called gametes. Finally, different proposed routes
for artificial gamete generation are examined on the basis of these qualities, with
their prospective problems and advantages highlighted. Autotransplanted gametes
(or their progenitors) generated solely from patient-derived tissue are deemed to be
the most ethically suitable route for the development of this technology.

Scope

A lot of attention in the bioethics debate concerning the issues of conception has
been given to the embryo, its use to derive stem cells, and the possibilities raised
by artificial gametes. However, very little attention has been given to the gametes
themselves. The way people desiring to procreate view their gametes is important as
it will affect their view on how they should be used, subjected to medical treatment or
to technological manipulation. Only when there is a clear ontological view of gametes
can methods for artificial gamete generation be discussed.

The article will first evaluate how people might perceive the stewardship of their
gametes and the ontological meaning of sperm and eggs, and how this relates to their
natural use and the persons who use them. Conclusions reached after exploring these
topics will then serve as a basis for the evaluation of artificial gamete technologies.

This article will not discuss the details underlying gametogenesis, and the
question of genetic parenthood will not be considered in depth. It is sufficient to say
that a perceived desire to have genetically related children is a common phenomenon
that impacts human decision making.!>? The article will only consider the topic from
the point of view of heterosexual couples, as this is the natural context of procreation
in which gametes exist.
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Bringing Forth a Child

Reproduction is one of the fundamental characteristics of life.* Couples who have
been affected by various forms of infertility often recognize this as an anomaly
and may seek to alleviate it by means of assistive reproductive techniques. Even
with declining family sizes among developed countries, children are still viewed
as a blessing. Traditionally, children are viewed as a key good of marriage,>*’® but
even secular couples tend to look forward to having them. In some societies this
importance of children is manifested by the size of the industry catering to infertile
couples,” while in others by the restrictions guarding the process of begetting children
and promoting virginity and chastity,'®!! to ensure that children are not born outside
of marriage. In Abrahamic religions, begetting children is in general reserved to the
spouses. This is exemplified by the fact that, even though in vitro fertilization (IVF)
is permitted in Islam and Judaism, the gametes must come from the spouses.'>!*1
The Eastern Orthodox Church, though it permits IVF, restricts it to spousal gametes,
and even then it recognizes this as an anomalous state,'>'* while the Catholic Church
opposes any forms of assisted reproduction that separate it from the marital act."” But
why might having children be so important, and how does this relate to gametes?

A child might be seen as a seal between the two people, which helps to reaffirm
the relationship between the spouses, a visible intermingling with their beloved and a
means of preserving a part of them for the future. This tangibility of children and of
bringing them to existence might be not only important for the relationship between
the parents, but also to their relationship to the child. The parent-child relationship
might have been completely different if the child originated through shared willpower
or was brought by storks. The importance of children being “blood from my blood”
is still seen in the fact that people want children of their own, to which biological
relatedness contributes in some form." Gametes are therefore something that has
the potential to create a biological relatedness between parents and children and
something that can continue their familial line.

The fact that reproduction occurs via sex and gametes deserves further attention.
As noted before, there is both an act of will and a tangibility that are involved in it.
Though children are sometimes welcomed as joyful “accidents,” the importance of an
act of will is highlighted by the fact that people argue about stolen ideas and how much
the intellectual involvement of a person is important in patent applications,” even if
their execution was sub-contracted. Equally, there is a satisfaction that something has
been brought to being by someone’s own effort. It might be possible that the rejection
of surrogate children,? where the input of the intended parents was not as great as in
normal sexual reproduction, is partly due to a weaker bond between the parents and
children that is the result of the absence of this active involvement of the spouses.

Therefore it would be desirable if any artificially generated gametes (AGGs) were
designed to work within the context of the marital act. This would reaffirm the parents
as the ones who bring the child into existence with all their faculties. Further on, it
would ensure that the child has a tangible reference to its moment of becoming and
to its familial line; in this the gametes should only contain genetic material from both
parents to reflect the unique relationship between one man and woman. A gameteless
procreation or even one where the gametes did not fully originate from the persons
intending to procreate would lack this linking potential that helps parties to realize
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the relationship that they share. Children resulting from such cases would probably be
partially puzzled by the same identity questions that adopted children experience—
questions about their tangible origin.?! Lastly, the use of AGG’s functioning in such
a way would be acceptable to people from a wide spectrum of belief backgrounds.

The Value of Gametes as a Means of Begetting Children

We intrinsically understand our authority over our gametes and wish to utilize their
potential with those whom we choose. Therefore, pregnancies that result from random
sexual encounters, and even more so from rape, are often viewed as problematic, as the
persons did not intend to utilize the procreative potential of their gametes. Similarly,
infertile couples are placed in a situation where they are unable to realize this potential
and hence might wish to use an assistive reproductive technology to fulfill what they
might perceive as their right to have a child. This shows that people recognize a
natural capacity to procreate and want to control it to some extent. Therefore, part of
the value attributed to gametes comes from their procreative potential that we want to
fulfill only with those whom we choose.

The Stewardship of Gametes

As shown above, people assume that their gametes, with their potential, are indeed
“theirs”; that they are the sole authority that can dispose of them in one way or
another, and that this right is exclusive to them.?? This further manifests itself when
men talk about the condition of their “swimmers” or when people state that they have
donated their eggs or sperm. The exact importance of gametes and how people will
view their relationship to them varies greatly from culture to culture®® and between
various philosophical beliefs. For Libertarians this ownership might be total;?* they
can sell their bodies for sex,* or their parts for profit,’® and no one can tell them how
to exercise this ownership. From a Christian?” or Muslim?® perspective, ownership is
more of a stewardship, as God is the ultimate Lord of the universe and all belongs to
Him; they are given to man as a gift” that can only be used in a particular way. All
would agree, though, that they have some sort of autonomy over their bodies, which
also entails a responsibility for the way they act with their bodies. Individuals are
responsible for their actions, whether by law, Social Darwinism, or at Judgement Day.
This responsibility extends to how people use their gametes and treat the gametes
of others. If we endanger the health of our gametes, we will impact the health of the
child that is both ours and our spouse’s. Though having an affair is bad, its effect
is even more burdensome for the marriage if a child is born from that extramarital
relationship, as it would remain a symbol (or even more: a reality’®) of two people
joined together who should not have joined in the first place. In hope of having healthy
children, spouses might change their lifestyle to increase their reproductive health,
i.e. the health of their gametes, hence acknowledging the responsibility they hold for
the state of their gametes. Further, parents might blame themselves for any genetic
mutations transmitted to their offspring. But people might also legally challenge
those who have negatively affected their reproductive capacity,*'*>** and people who
lost their fertility might look to AGGs as a means of restoring their fertility. This
highlights the necessity of evaluating the legal status of gametes.
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With the development of artificial reproductive technologies, conflicts started
to arise as to who can decide in what way donated and stored gametes could be used.
There is a long and noble legal tradition of not applying property rights to bodies;**
this recognizes the intrinsic dignity of the human person and that we are not our
ultimate masters. Nevertheless, a decision had to be made as to who has the authority
over stored gametes. A large emphasis has been made on the fact that stored gametes
gain property status due to the effort and fine skill put into their handling and not
because they are body parts—interestingly, it was not the person exercising the skill
that became the legal owner of the gametes, but the person for whom the skill was
exercised.*>¢ This emphasizes that people value their gametes and that they do not
want the procreative potential present in them to be used against their will, but also
emphasizes the reluctance of attaching property rights to body parts which should
not be treated as a commodity. Finally, it is important to note that people do feel
wronged when a lover deceitfully uses their sperm for insemination without their
acknowledgment,”” with one case resulting in a man arguing that the woman had
stolen his sperm, while she claimed that it was a gift.*® Therefore, there seems to be
a general appreciation that gametes have a purpose and that individuals should have
some say in how their gametes are being used to fulfill this task.

The apogee of the responsibility for gamete use comes with the birth of children.
This responsibility might be explicitly sought, for it is ultimately linked with many
pleasures that arrive from having children, like their success.*® When a parent is denied
the opportunity to interact with his or her children due to the other parent’s action,
he or she might feel deprived of something, which other people could have perceived
as a burden. In a loving relationship, care is not only a duty, but also a privilege and,
in a specific way, a joy. This responsibility is again highlighted in law in cases where
a biological father is made to pay child support if he separates from the rest of the
family. Lastly, it is important to note that those who donate their gametes might want
to avoid this relational responsibility (even if they have no legal responsibility) by
remaining anonymous.*’ Yet in many cases it is deemed a child’s right to know who
his or her biological parents are—to know from whom they physically come,* and
hence it might be unethical to bring children without such an identity into existence.*
The issue of this relational identity has been already highlighted in the discourse
on AGGs,* though not all agree that a lack of it would necessarily be a negative
phenomenon.**

Finally, one might wish to compare this stewardship of gametes to that of other
organs. But an important distinction exists here: organs sustain life, whereas gametes
create life. Organs are meant to be working for the person to whom they are attached,
whereas gametes do not directly do anything for the health of the person from whom
they originate. Their value is only really meaningful when shared with another
person, and in this they have status smaller than that of half an embryo, as only when
a sperm and egg fuse is a person created.*

In summary, people mainly value gametes for the potential that they have in
creating a child. The child can be seen as an extension of oneself and that of the
spouse, a sign of the union of these people. Because of this, people appreciate not only
the value of their gametes, but also their responsibility for their state and use. But is
there an even deeper meaning of gametes that relates to the mode in which they work?
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The Ontology of Gametes

Abrahamic religions recognize that God ordered the world in a particular way and that
people should cooperate with it. This is apparent from the existence of Mosaic Law
and the concept of Natural Law, as well as from the etymology of the word “Islam.™®
Further, science itself recognizes that there are fundamental rules governing the
world and biological entities have particular functions to perform, which they do in
a specific manner. It is therefore important to assess whether gametes are crucial for
some actions, and if yes, then what makes them best suited for those actions.

It was already discussed that human gametes function within the context of the
conjugal act that is both unitive*’ (bonding the man and the woman) and procreative
(having the function of bringing a new life into existence), by its nature. In the context
of the joining of woman and man it seems relevant to evaluate the joining of sperm
and egg.

This joining is simultaneously unitive and procreative, as a new human is brought
to life through the joining of two entities. Like a man and woman are complementary
to each other,* so the gametes are to one another, each containing what the other is
lacking for a new life to form. Further, there seems to be something female about the
egg and something male about the sperm. As the man penetrates the woman during
sex, so the sperm penetrates the ovum during fertilization, mimicking the respective
duality of giving and receiving. Therefore, the association of eggs with women and
sperm with men is possibly not only based on the fact that this is how they occur in
nature, but also on their intrinsic properties. This implies that if sperm were made
from cells originating from a woman or eggs made from cells originating from a man,
these would be a lie. Lacking the intrinsic properties of the sex of the person from
whom they originated, they would be implying that this person is someone else. This
dissociation of the sex of the person from whom the gametes originate and what the
gametes are would be so pronounced that it might create confusion as to which parent
would be the mother and which the father.

Secondly, the sperm and egg DNA are epigenetically marked in different ways
(different genes are switched “on” and “off”), corresponding to their origin, not
dissimilar to how both parents might contribute to the child’s upbringing in different
ways even if both are equally present in the child’s life. Further, the egg contributes
the mitochondria, which nurture the cells, like the mother nurtures the child until the
end of pregnancy and even beyond. Finally, in traditional settings where the husband
is responsible for bringing income to the household that is managed by the woman,
the act of the sperm coming to the ovum and the woman’s body “managing” the
pregnancy might also bear some resemblance to this.

The beauty of the conjugal act, in Christian understanding, lies partially in its
totality® and exclusivity™ to the spouses. Gametes might be seen as representing
the people from whom they originate® in their totality, as well as by their nature in
their exclusivity, as no other person participates in the reproductive act. They are the
messengers of the people from whom they originate, symbolizing their femininity
or masculinity, carrying their DNA, as well as various molecules made by them that
will contribute to the new person that will be formed. Gametes are less than the
person from whom they originate, but more than just any odd part of her or him;
or, as previously suggested,* they are ambassadors of the person from whom they
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come, and by extension a tangible genealogy® of his or her ancestors.>* Possessing
the aforementioned characteristics makes gametes entities that not only have a huge
biological importance, but also a more subconscious importance to the person from
whom they originate.” In this light, it is a curiosity that the word “gamete” derives
from the Greek words meaning husband, wife, and marriage’*—the two that they
represent and the sphere in which they work.

Gametes represent the totality of their contributors, their full femininity and
masculinity, not just their DNA. Similarly, the natural process of procreation excludes
any third person’s DNA. Adding third party mitochondrial DNA to the procreative
process strips it of its meaning,*” as procreation ceases to be a totally unique endeavor
between the couple, of whose union the child is a visible sign. If a couple later splits,
the child remains a physical reminder of the reality of that union. This sign is so
strong that in case of embryos brought through IVF and being stored, the father or
the mother might even desire their annihilation not to remind them of this union.*®

Gametes and Future Reproductive Technologies

Gametes are God-given gifts and means of participating in His creative power.” They
have the power to bring into existence something more than a gift, for a child cannot
be disposed of as a commodity. The use of gametes is therefore a privilege that has a
responsibility attached to it. They also truly represent the masculinity and femininity
of the person from whom they originate and provide a tangible link between children
and parents. Gametes not only pass on genetic information, but acting within the
conjugal act facilitate the totality and exclusivity of that act. As medical intervention
should aim as much as possible at restoring the proper functioning of the body, and
not in giving it a new one or one removed from its proper environment,*® emerging
reproductive AGG technologies should mimic these properties to be truly therapeutic
and deserve the label of gametes. In short, this would be achieved by fulfilling the
following criteria:

1. The AGGs must originate fully from the patient. As gametes represent the
whole person willing to procreate, AGGs have to originate from that person and
not have anything subtracted from them, allowing for genealogical and identity
continuity.

2. The AGGs must represent the patient exclusively. To achieve this no additional
genetic or biological components (DNA, cellular organelles) can be added from
other individuals or species.

3. The AGGs must correspond to the patient’s sex. This will ensure that the
gametes truly represent the masculinity or femininity of the patient.

4. The AGGs must be functional within the conjugal act. When procreation will
happen within the context of sexual intercourse it will ensure that there is not
only a will to become a parent, but also a tangible moment and experience to
which the parent can refer back to appreciate his or her role in bringing the child
into existence and fully embrace the responsibility that comes with this.
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Overview of Reproductive Technologies

Many scientific breakthroughs have occurred that can aid the fulfillment of the
desire to have a child, but they simultaneously possess a significant ethical burden.
It was argued before that for most of those technologies there is no difference of
the kind, but only of the degree to which these technologies assist reproduction.”
Since the original technologies all separated procreation from copulation, this was
largely true, but new interventions emerge that also change the nature of the gametes
themselves. These technologies not only include artificially generated gametes, but
also those procedures that were (quite inaccurately) collectively named by the media
as mitochondrial transfer (they rely on the transfer of nuclear DNA).? Procedures
that result in such a “three-parent-embryo” are of a new kind, as the gametes are no
longer a representation of two individuals that participate in procreation.®® Instead,
they render procreation a process non-exclusive to the couple, as they involve third-
party DNA. Further on, work has been undertaken to allow for targeted genetic
manipulation of embryonic and germline DNA.*% All these technologies include a
novel element that is absent from previous methods, falling into a similar category
as the “three-parent-embryo”—the gametes used or child that is born are altered by
artificial biological manipulation, hence they become distanced from the persons
procreated.

Basic Considerations of Artificial Gametes

Though still in its infancy, artificial formation of gametes is slowly gathering media
attention.®® About a dozen proposed routes exist for the formation of AGGs.*” Each
route raises its own ethical questions as well as the ethical questions associated with
the research still needed for the technique to become functional. This second set of
questions shall not be addressed in this article.®® Further, if the ethical issues relating
to the fundamental nature of these technologies prove to be unacceptable, then there
will be no need to address the ethics of carrying out the research necessary for
their development. The ethics of AGGs will be evaluated within the context of the
previously established four properties of gametes.

The various methods of creating AGGs utilize different types of stem cells.®
Some use embryonic stem cells (ESC), others generate induced pluripotent stem cells
(iPSC) from somatic cells (cells other than gametes and stem cells) or reprogram
adult stem cells (ASC) of various types, including ones obtained from bone marrow.”
Certain techniques then proceed to generate the embryo via IVF, while in other cases
auto-transplantation (the procedure of inserting the cells back into the patient from
whom the original cells were taken) takes place and a child can be conceived through
sexual intercourse.

Desired Qualities of Artificial Gametes

Considering the categories by which methods of generating AGGs can be grouped,
it should be ensured that the technology uses only cells originating from the body of
the person reproducing and that the technology does not separate procreation from
the unitive act. This will allow the technology to emulate nature as much as possible,
allowing the gametes to represent the procreating persons. Such technology would
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eliminate some of the problems that are inherent to IVF in the eyes of those who
value the natural order of the world—separating conception from sex, and “surplus”
embryos. Hence it would be useful to people from the widest range of ideological
backgrounds.

iPSC and ASC routes offer ethically licit routes of AGG generation, as opposed
to the ESC route. Use of non-embryonic cells avoids the destruction of embryos, as
well as some of the ethical problems associated with therapeutic and reproductive
cloning, which the use of ESC causes;”" it would also ensure that all of the generative
material originates from the two persons wishing to procreate without third party
DNA being involved. Using ASCs might involve less biological manipulation of the
cells than the use of iPSCs and hence cause less DNA damage to the AGGs.””> This
is important as the extent and type of gamete damage caused by manipulating stem
cells in order to obtain gametes might be too challenging for the DNA repair systems
with which evolution has equipped us.” If the gametes (or their progenitors) were then
auto-transplanted, it would allow for procreation to occur in its natural setting. This
would simultaneously mean that the gametes would have to correspond to the sex of
the person wishing to procreate. If gamete progenitors were auto-transplanted, this
might offer an opportunity for natural means of epigenetic reprogramming (switching
on and off of appropriate genes) to occur, which we are far from understanding,™7>7¢
but is vital for the healthy development of the child.

When using auto-transplanted gametes originating from the patient, one could
actually start talking about truly restoring fertility in a way that cooperates with
the nature of men and women. Auto-transplanted gametes would be superior to IVF
as they would not require the separation of procreation from sexual union, making
them accessible to people who object to this separation. When compared to IVF, such
“naturalized” means of assisting reproduction might yield higher pregnancy success
rates and lower risk of developmental disorders’ in the children conceived this way,
as well as eliminate the problem of “spare” embryos. Therefore, the route that will
be further considered is the generation of gamete progenitors from ASCs originating
from the patient for the purpose of auto-transplantation.

Therapeutic Applications of Artificially Generated Gametes

The first application for AGGs would be in treating infertility. Here AGGs could
be implanted into the patient to allow them to procreate via sexual intercourse.
AGGs could be thought of as bio-prosthetics or transplanted organs. These are not
controversial ideas, as we are even happy for people who were born deaf to gain the
sense of sound,” as we recognize that this is a natural faculty of human beings. When
compared to organ donation, AGGs should cause less ethical issues as they originate
from the recipients themselves, therefore avoiding many ethical problems related to
organ donations.

Secondly, the technology could provide an opportunity for gene therapy for
inherited disorders, be it Huntington’s disease, which is hugely debilitating, manifests
itself later in life, and has no cure, or diseases like Joubert Syndrome, which affect
early development and for which parents might be known risk gene carriers. These
are all conditions that have a huge impact on the life of the individual and their family.
Therefore it is important to evaluate if AGGs would provide a licit intervention for
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couples with a high risk of conceiving children with such disorders. The field of gene
therapy is in itself an ethical minefield, especially that concerning the manipulation of
germline cells.”3%8! Somatic gene therapy (not affecting cells involved in reproduction)
has already gained overall approval. Opposition to germline cell therapy is in many
cases due to safety issues® and the currently (if it were legally permitted) necessary
separation of the procreative and unitive aspects of sex in cases where it would be
implicated. There also remains the question of whether we have the authority to alter
people in such a perpetual way without their consent, which will also affect their
future descendants. Hence it is quite different from corrective surgery at birth. But
even if research into this technology is undertaken in an ethically licit manner and the
safety for the child-to-be is ensured, it remains doubtful whether the gamete would
truly represent the parent, as foreign genetic material would sever the connection
between the gametes and the person from whom they originate. Therefore, it is
doubtful whether this would be an appropriate way to deal with such diseases, as the
gametes would not fulfill their purpose. Further, if the patient was not sterile in the
first place, it would require a pre-sterilization phase to ensure that only the modified
gametes were produced inside his or her body. Some people could regard this as
self-mutilation, and would not accept this procedure. Hence, germline cell therapy
via AGGs fails to respect the nature of gametes themselves and might not provide a
widely acceptable solution to heritable genetic disorders.

Another option that might be used when dealing with genetic disorders that would
avoid the use of genetic manipulation is to concentrate on eliminating AGGs containing
faulty gene copies. This would possess less ethical baggage than the screening of
embryos that occurs as part of various assisted reproductive interventions, as it would
not involve the destruction of human individuals, but of gametes or their progenitors,
and even less baggage than the aforementioned germline DNA modification.®* This
would require the development of efficient flow cytometry screening technology and
possess its own ethical problems as discussed below. One would need to be very
cautious as this therapeutic intervention can provide precedence for future eugenic
selection.* Any legislative body would need to balance the possibility of easing
the disease burden for families with the risk of promoting a society that does not
value life in any form except that of an imagined perfection. Screening gametes or
their progenitors would likely not eliminate completely the chance of passing on
genetic defects. If this were explained correctly to the couple wanting to procreate, it
might make them realize that this process aims at risk reduction and not at creating
“designer children.” Such screening would probably become standard practice, even
when no familial predisposition to genetic diseases was present, to counter the risk
of abnormalities caused by artificial handling of the cells. If the technique was used
with a risk-reduction mindset, rather than a risk-elimination one, it would not require
sterilization of fertile individuals (as it would be based on increasing the number of
non-risk-gene-bearing gametes and not the annihilation of the risk-bearing ones) to
achieve its goal and hence could achieve wider acceptance.

Finally, some might argue that the technology could be used to generate sperm
from women and eggs from men in an attempt to avoid mitochondrial disease, as an
alternative to three-parent-embryos, as this would avoid introducing genes from a
third person. Nevertheless this is still contrary to the nature of the persons,® as the
gametes would not fully relate to the persons from whom they originate (neither in
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their femininity or masculinity, nor in their historic heritage®) if they were to be

transplanted into a different person. Additionally, unless the AGGs were transplanted
successfully into the other partner (not rejected by their immune system), their use
would involve IVF.

Risks of the Technology

We are only in the infancy of understanding the biology of gamete generation and
maturation; hence we cannot manipulate them as precisely in vitro as our bodies
can in vivo. If novel reproductive technologies are introduced rashly, it might lead to
exacerbating the genetic problems that we wanted to avoid in the first place. The use
of a screening process might mitigate some of those risks, but is it prudent to rely on
just one safeguard? Despite our close evolutionary relationship, human beings are
more complicated than mice, where most of the pioneering work in this field is being
done. It is therefore wise to anticipate any risk that AGG technology might carry.

DNA quality of all cells (including germ cells) usually decreases with age,*” and
many individual cells also possess genetic variations that are absent from the rest
of the body.*®* Such cells used to create artificial germ cells would increase the
chances of children suffering from developmental disorders. Though older persons
might have more somatic cell problems, they are also more likely to experience more
problems with their natural gametes. Hence, it would seem fair to accept an increased
risk in AGGs created from cells of older individuals that would be of a similar extent
to that found in nature.”® This would logically extend to an age limitation for the use
of such technologies in women, where the organism can support childbearing only
until a certain point.

There were some suggestions that AGG technology would offer an opportunity
for social experimentation through multi-parent children and generation jumping,
and that this might be desirable, as it would allow three or more people to share a child
that would be related to all of them and hence accommodate newly emerging forms
of romantic relationships.”’ Such applications would be opposed to the ontological
properties of gametes, but could only be prevented on an administrative level.

Conclusion

Gametes function within the context of the conjugal act. They originate from the
procreating persons and represent them (and by proxy their ancestors) through passing
on their genetic material, but also by mimicking their masculinity and femininity.
The process of bringing a child into existence is therefore an affair of two biologically
complementary persons with their complementary gametes. This bringing forth of
a child to life is a gift, not a right, yet it is recognized as a good proper to human
existence. When, due to infertility, people are not able to conceive children, they
might seek to use assisted reproductive techniques. Artificially generated gametes
might be a set of techniques to which such people will have recourse in the future.
This article has evaluated these techniques in light of the natural properties of
gametes. Artificially generated gamete progenitors from non-embryonic cells that are
re-introduced via homologous transplantation would both possess the characteristics
of natural gametes and provide a truly therapeutic treatment for infertile people
that would be seen as acceptable for people from a wide variety of backgrounds.
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Nevertheless, such technology could only be welcomed if it could be developed via
ethically acceptable research and provide a safety level for these gametes comparable
to that in healthy age-matched individuals. Still, caution should be exercised not to
abuse this technology, as it could contribute to a societal eugenic mindset. Finally,
use of such assistive technology should be accompanied by helping the couple to
understand the meaning of fertility and children in the wider context of their existence.

Note: The views expressed in this article are those of the author and do not
necessarily reflect the positions of the professional organizations with which he
is affiliated.

I thank Alexis Florides, Benjamin Portelli, Dian Lestari, Rodrigo Dias, Ying Huang,
and Samuel A. Danziger for helping me form my ideas and ensure that my writing is
understandable. Laura Lynch, Isaac Cotherman, and Alexis Florides were very kind
in helping me with grammar corrections (all mistakes mine).

Endnotes

1. MacKellar, C: The Biological Child. Ethics and Medicine 1996, 12: 65-69.

2. Mertes H: Gamete derivation from stem cells: revisiting the concept of genetic parenthood.
Journal of Medical Ethics 2014, 40:744-747.

3. Testa G, Harris J: Ethical Aspects of ES Cell-Derived Gametes. Science 2004, 305: 1719.
http://sciencelearn.org.nz/Science-Stories/Earthworms/Characteristics-of-living-things as
accessed on the 27th of September 2016 at 16:25.

5. See mentions of children in the Latin Catholic rite of marriage: http://www.liturgyoffice.org.uk/
Resources/Marriage/OCM-Nuptial-Blessing.pdf as accessed on the 29th of September 2016 at
16:34.

6.  See mentions of children in the Byzantine Service of the Crowning: http://www.goarch.org/
chapel/liturgical texts/wedding as accessed on the 8th of May 2015 at 20:35.

7. See fifth Sapta-Padi blessing: http://www.bbc.co.uk/religion/religions/hinduism/ritesrituals/
weddings.shtml as accessed on the 29th of September 2016 at 16:28.

8. See Chinese wedding customs related to the fertility of marriage: http:/chcp.org/virtual-museum-
library/chinese-wedding-traditions/ as accessed on the 29th of September 2016 at 16:15.

9.  http:/www.aljazeera.com/indepth/features/2016/09/world-india-booming-fertility-
industry-160902120806295.html as accessed on the 28" of September 2016 at 16:40.

10.  Zhou X: Virginity and Premarital Sex in Contemporary China. Feminist Studies 1989, 15:279-288.

11.  Bennett LR: Women, Islam and Modernity. RoutledgeCurzon, London and New York, 2005.

12.  Atighetchi D: Islamic Bioethics: Problems and Perspectives. International Library of Ethics, Law
and the New Medicine. Springer 2007, Dordrecht.

13.  Rabbi Yosef Y. Feigelstock http:/www.askmoses.com/en/article/236,2066007/What-is-the-
Jewish-view-on-In-Vitro-Fertilization.html as accessed on the 5" of September 2015 at 7:30.

14.  https:/www.jewishvirtuallibrary.org/jsource/Judaism/ivf.html as accessed on the 5" of September
2015 at 7:30.

15. 1992 OCA Synod of Bishops” Affirmations, “On Marriage, Family, Sexuality and the Sanctity of
Life”—The Procreation of Children.

16.  Symposium—The Greek Orthodox position on the ethics of human reproduction—Metropolitan
Nikolaos of Mesogaia and Lavreotiki, 27-29.

17.  http://www.vatican.va/roman_curia/congregations/cfaith/documents/rc_con_cfaith
doc 20081208 dignitas-personae_en.html# ftn29 as accessed on 8" of May 2015 at 22:30, see
point 16.

37



38

ETHICS & MEDICINE

18.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

H: Surrogate Motherhood: Conception in the Heart. Boulder: Westview, 1994 as cited by Berend
Z: “We Are All Carrying Someone Else’s Child!”: Relatedness and Relationships in Third-Party
Reproduction. American Anthropologist 2016, 118:24-36.
https://otl.stanford.edu/documents/who_is_inv.pdf.

O’Reilly D: Unwanted twins stir a protest over IVF surrogacy. The Sunday Age 2000—as
referred to by Fuscaldo GF: Genetic Ties: Are They Morally Binding? The University of
Melbourne 2005.

Walby C, Symons B: Who am I?: Identity and Human Fertilisation. Discussion Series 12. British
Agencies for Adoption and Fostering, London 1990—as referred to by Adair VA, Purdie A: Donor
insemination programmes with personal donors: issues of secrecy. Human Reproduction 1996,
11:2558-2563.

In some societies this right might not be fully that of the individual, but also that of the spouse

or the wider family, especially if having children is seen as a spousal right or a duty towards
ancestors.

MacKellar C: Representative Aspects of Some Synthetic Gametes. The New Bioethics 2015,
21:105-116.

Stanford Encyclopedia of Philosophy.

http://uk.businessinsider.com/belle-knox-is-remaking-herself-as-a-libertarian-2015-1 as accessed
on the 27th of September 2016 at 16:37.

Kyriazi H:The ethics of organ selling: a libertarian perspective, Indian Journal of Medical Ethics
2001, 9:44-46.

Slater T: A Manual of Moral Theology 1. Benziger Brothers 1908, New York City, as cited by
Keenan JK: Suffering, The Body and Christianity. Health Progress 2005, May-June 53-59.

Aramesh K: The Ownership of Human Body: An Islamic Perspective. Journal of Medical Ethics
and History of Medicine 2009, 2:4.

http://www.vatican.va/roman_curia/pontifical councils/family/documents/rc_pc family
doc 08121995 human-sexuality en.html paragraph 96, accessed on 6™ of May 2015 at 00:20.

Annas GJ: The Politics of Human-Embryo Research—Avoiding Ethical Gridlock. The New
England Journal of Medicine 1996, 334:1329-1332.

http://www.liverpoolecho.co.uk/news/liverpool-news/tv-surgeon-sued-over-claims-11737107 as
accessed on 27 September 2016 on 13:15.

http://www.mirror.co.uk/news/uk-news/city-lawyer-suing-nhs-15million-5281988 as accessed on
27 September 2016 on 13:15.

http://www.nrlc.org/archive/news/2008/NRLO06/Sue.html as accessed on 27 September 2016 on
13:15.

White V: Property rights in human gametes in Australia. Journal of Law and Medicine 2013,
20:629-637.

White V: Property rights in human gametes in Australia. Journal of Law and Medicine 2013,
20:629-637.

http://www.legislation.gov.uk/ukpga/2004/30/section/32 as accessed on 13" December 2015 at
10:00 am, point 9c.

http://nypost.com/2011/11/26/ex-girlfriend-hid-sperm-and-used-for-in-vitro-pregnancy-suit/ as
accessed on 22 March 2015 on 12:30.

http://www.nbenews.com/id/7024930/ns/health-sexual health/t/sperm-gift-keeps-giving/#.
VQ60iGbO V1 as accessed on 22 March 2015 at 12:30.

MacKellar C: Representative Aspects of Some Synthetic Gametes. The New Bioethics 2015,
21:105-116.

Newson AJ, Smajdor AC: Artificial gametes: new paths to parenthood? Journal of Medical Ethics
2003, 31:184-186.

Adair VA, Purdie A: Donor insemination programmes with personal donors: issues of secrecy.
Human Reproduction 1996, 11:2558-2563.

Velleman JD: Family history. Philosophical Papers 2005 34:357-378.
Newson AJ, Smajdor AC: Artificial gametes: new paths to parenthood? Journal of Medical Ethics



VoL. 33:1 SprING 2017 Pruski / Relationship of Gametes

44,

45.

46.
47.

48.

49.

50.
51.

52.

53.
54.
5.

56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

2005, 31:184-186.

Master Z: Embryonic stem-cell gametes: the new frontier in human reproduction. Human
reproduction 2006, 21:857-863.

There is a debate regarding the exact moment at which people accept this to be true due to a delay
in the fusion of protonuclei after fertilization. Leone S: The Pre-zygote Identity as a Moral Issue.
Human Reproduction and Genetic Ethics, 2008, 14:15-21.

Oxford Dictionary.

Though this notion might be initially dismissed as purely religious, findings about hormonal
changes during sex have confirmed this, for a starter reference see Magon N, Kalra S: The
orgasmic history of oxytocin: Love, lust, and labor. Indian Journal of Endocrinology and
Metabolism 2011, 15:S156-S161.

Eijk WJ, Hendriks LM, Raymakers JA, Fleming JI: Manual of Catholic Medical Ethics. Connor
Court Publishing 2014.

May WE: The Communion of Persons in Marriage and the Conjugal Act. http://www.
christendom-awake.org/pages/may/communionofpersons.htm as accessed on 15th of February
2016 at 5:00. Translation of the original text “La ‘communio personarum’ e ’atto coniugale,” in
“Morale Coniugale e Sacramento della Penitenza: Riflessioni sul “Vademecum per i Confessori”,
edited by Alfonso Card. Lopez Trujillo and Francisco Gil Hellin, Vatican City: Libreria Editrice
Vaticana, 1998, pp. 135-150.

Chesterton GK. Orthodoxy. Moody Publishers 2013.

MacKellar C: Representative Aspects of Some Synthetic Gametes. The New Bioethics 2015,
21:105-116.

MacKellar C: Representative Aspects of Some Synthetic Gametes. The New Bioethics 2015,
21:105-116.

MacKellar C - personal communication.

This also makes it possible to track a person’s family medical history.

Shriver MD, Kittles RA: Genetic Ancestry and the Search for Personalized Genetic Histories.
Nature Reviews Genetics 2004, 5:611-18.

Oxford Dictionary.

MacKellar C: GM babies with 3 or 4 parents. The Christian Institute, 2013, http://www.christian.
org.uk/wp-content/downloads/3-parents.pdf as accessed on 27 September 2016 on 14:33.
http://www.telegraph.co.uk/news/uknews/1548115/Woman-loses-final-frozen-embryo-appeal.html
as accessed on the 21 of June 2015 11:39.

United States Conference of Catholic Bishops, 2006 http://www.usccb.org/beliefs-and-teachings/
what-we-believe/love-and-sexuality/married-love-and-the-gift-of-life.cfm as accessed on the 27®
of September 2016 14:20.

Cheng-Tek Tai M: Natural of Unnatural-An Application of the Taoist Thought to Bioethics. Tzu
Chi Medical Journal 2009, 21:3.

Mertes H, Pennings G: Ethical Aspects of the Use of Stem Cell Derived Gametes for Reproduction.
Health Care Analysis 2010, 18:267-278.
https://www.theguardian.com/science/2013/jun/28/uk-government-ivf-dna-three-people as
accessed on the 14™ of February 2016 at 5:52.

It could be argued that a similar situation occurs with sperm and egg donation, but there the
gametes still represent two people, though not necessary the husband and the wife.

Liang P, Xu Y, Zhang X, Ding C, Huang R, Zhang Z, Lv J, Xie X, Chen Y, Li Y, Sun Y, Bai

Y, Songyang Z, Ma W, Zhou C, Huang J: CRISPR/Cas9-mediated gene editing in human
triponuclear zygotes. Protein & Cell 2015, 6:363-372.

Reddy P. Ocampo A, Suzuki K, Luo J, Bacman SR, Williams SL, Sugawara A, Okamura D,
Tsunekawa Y, Wu J, Lam D, Xiong X, Montserrat N, Rodriguez Esteban C, Liu G-H, Sancho-
Martinez I, Manau D, Civico S, Cardellach F, del Mar O’Callaghan M, Campistol J, Zhao

H, Campistol JM, Moraes CT, Izpisua Belmonte JC: Selective Elimination of Mitochondrial
Mutations in the Germline by Genome Editing. Cell 2015, 161:459-4609.
http://news.yahoo.com/french-lab-claims-breakthrough-first-vitro-spermatozoa-214742658.html

39



40

ETHICS & MEDICINE

67.

68.

69.

70.

71.

72.
73.
74.

75.

76.

77.
78.

79.

80.

81.

82.

83.

84.

85.

86.
87.

88.

as accessed on 17" of October 2016 at 12:31.

Hendriks S, Dancet EAF, AMM van Pelt, Hamer G, Repping S: Artificial gametes: a systematic
review of biological progress towards clinical application. Human Reproduction Update 2015,
21:285-296.

The importance of ethically sound research is pivotal to the legitimacy of pursuing this line of
treatment. Nevertheless, this is a vast topic in itself and deserves its own series of articles. It is
crucial to point out that if the necessary research could not be performed in such a manner, then it
should be postponed until such methods are available. This is an important consideration, as some
of the experiments to verify the safety of this methodology might involve experimenting with
embryos that are human subjects. It would be grotesque that an investigation aiming to make sure
that the procedure is safe for the children conceived this way would involve the killing of other
children.

Stem cells can proliferate indefinitely and change into other types of cells.

Khamsi R: Bone stem cells turned into primitive sperm cells. New Scientist 2007. http://www.
newscientist.com/article/dn11601-bone-stem-cells-turned-into-primitive-sperm-cells.html#.

VY VsdKZGjVO as accessed on 20th of June 2015 at 14:45.

O’Mathuna DP: Cloning Twist Clouds Ethical Complexities. The Centre for Bioethics & Human
Dignity, 2003.

This still needs to be determined empirically.

Lippman A, Newman SA: Ethics of Deriving Gametes from ES Cells. Science 2005, 307:515.

Wei Y, Schatten H, Sun Q-Y: Environmental epigenetic inheritance through gametes and
implications for human reproduction. Human Reproduction Update 2015, 21:194-208.

Labbe C, Robles V, Herraez MP: Epigenetics in fish gametes and early embryo. Aquaculture 2016,
In Press.

Boissonnas CC, Jouannet P, Jammes H: Epigenetic disorders and male subfertility. Fertility and
Sterility 2013, 99:624-631.

Testa G, Harris J: Ethics and Synthetic Gametes. Bioethics 2005, 19:146-166.
http://www.theguardian.com/society/she-said/2014/mar/28/deaf-emotional-reaction-hearing-
sound-technology-joanne-milne-cochlear-implant as accessed on 17" of October 2016 at 12:32.
Rubenstein DS, Thomasma DC, Schon EA, Zinaman MJ: Germ-Line Therapy to Cure
Mitochondrial Disease: Protocol and Ethics of In Vitro Ovum Nuclear Transplantation.
Cambridge Quarterly of Healthcare Ethics 1995, 4:316-339.

Lanphier E, Urnov F, Haecker SE, Werner M, Smolenski J: Don’t edit the human germ line. Nature
2015, 519:410-411.

Lappe M: Ethical Issues in Manipulating the Human Germ Line. The Journal of Medicine and
Philosophy 1991, 16:621-6309.
http://www.vatican.va/roman_curia/congregations/cfaith/documents/rc_con_cfaith

doc_ 20081208 dignitas-personae_en.html paragraph 26, accessed 7th March 2015.

Lappe M: Ethical Issues in Manipulating the Human Germ Line. The Journal of Medicine and
Philosophy 1991, 16:621-639.

An even wider ranging proposal for the use of AGGs for eugenic purposes can be found in
Sparrow R: In Vitro eugenics. Journal of Medical Ethics, Published Online First on the 4™ of April
2013.

There are some genuine, very rare, cases where it might be tricky to evaluate, from a biological
perspective, whether someone is male or female—people with both reproductive organs,
mosaicism or individuals with a XY genotype and a female body (for more information see: http:/
www.isna.org/fag/what _is_intersex). Establishing how these people should be treated in the light
of this article is so complex, that it surely deserves a set of publications of its own.

This could affect the medical history, as some diseases are inherited from only one of the parents.
Johnson SL, Dunleavy J, Gemmell NJ, Nakagawa S: Consistent age-dependent declines in human
semen quality: A systematic review and meta-analysis. Ageing Research Reviews 2015, 19: 22.
Kennedy SR, Salk JJ, Schmitt MW, Loeb Lawrence A: Ultra-Sensitive Sequencing Reveals an
Age-Related Increase in Somatic Mitochondrial Mutations That Are Inconsistent with Oxidative



VoL. 33:1 SprING 2017 Pruski / Relationship of Gametes

Damage. PLoS Genetics 2013, 9:¢1003794.

89. Martin GM, Ogburn CE, Colgin LM, Gown AM, Edland SD, Monnat RJ Jr: Somatic Mutations
Are Frequent and Increase with Age in Human Kidney Epithelial Cells. Human Molecular
Genetics 1995, 5:215-221.

90. Testa G, Harris J: Ethics and Synthetic Gametes. Bioethics 2005, 19:146-166.

91. Palacios-Gonzalez C, Harris J, Testa G: Multiplex parenting: IVG and the generations to come.
Journal of Medical Ethics, Published Online First on the 7" of March 2014.

Michal Pruski, BSc (Hons), AFHEA, recently submitted his PhD thesis and is waiting for his viva voce
while simultaneously studying for an MA in Bioethics and Medical law at St. Mary’s University Twickenham. He did
his PhD research in Medical Sciences at the University of Aberdeen and Tongji University. Michal used to volunteer
as an EMT and teach First Aid in the UK and Tanzania. He currently resides in Aberdeen, UK.

41



The Tennessee
Center for
Bioethics
& Culture

Creative, provocative resources
promoting human dignity

www.tennesseecbc.org



	Relationship of Gametes

