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Abstract
Although women are inextricably involved in the study of germline
editing, their interests have not been significantly represented in debates
about the evolution of genome editing technology. Discussions have
taken place about effects of germline editing on women as parents and
members of families, but key discussions about women’s health and
well-being as patients and subjects are lacking. This neglect is due in part
to restrictions on uterine transfer of modified human embryos, a
boundary that has now been crossed. As a result, only scant discussion
has taken place about safeguards needed to ensure that women who
participate in germline modification research are not exposed to
disproportionate risk in exchange for benefits they might expect for
future offspring. This omission sets the stage for serious ethical
implications for women and their families.
Women and Human Genome Editing
The recent births of twin girls in China (with a third expected in late 2019) whose
genomes were edited using CRISPR technology have sparked a groundswell of ethical
debate.1,2,3,4 These discussions center on questions about how and why both
modification and uterine transfer of human embryos occurred, why established ethical
boundaries for human subject research were crossed, which safeguards could have
prevented this violation from occurring, and which oversight mechanisms were ignored
or evaded.5,6,7,8 As science is an international endeavor, we must ask which bioethical
frameworks should guide researchers from different countries and cultural backgrounds
in a unified effort to conduct germline editing research in a way that reflects the goals
and values of individuals, families, and societies.9,10 Statements from leading scientists,
policymakers, and ethicists agree that there must be robust and deliberate engagement
of multiple stakeholders in order to responsibly govern these technologies.11,12,13
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Yet an important question is missing from this discussion: What does human genome
editing mean for women who elect to carry a genetically modified embryo? This question
must be considered, as the study of human genome modification is still experimental
and any effects on children born following germline editing are largely unknown. Thus,
germline research ultimately will require involvement of women willing to gestate a
modified human embryo, at least until the possibility is realized of using an artificial
uterus to do so.14 It follows that, in studies of germline editing, women must be willing to
become research participants. As subjects, women will take on risks and burdens
associated with extensive prenatal tests and procedures.15,16,17 Although uterine transfer
of a genetically modified human embryo is currently prohibited in numerous countries,3
recent events signal that the time has come to seriously and fully consider the ethical
implications of human germline editing experimentation.
The health and well-being of women who will be involved in studies of germline editing,
however, has not figured prominently in discussions about whether and how this
technology should evolve. The interests of women as prospective parents and members
of families who will raise children whose genomes have been edited has been
discussed.11,14,18,19,20,21 Yet virtually no discussion has taken place about establishing
safeguards to ensure that women subjects are not exposed to disproportionate risk22 in
exchange for benefits they might expect for future offspring. Guidance is needed about
rigorous protocol design, how to prioritize health and well-being outcomes for women
subjects, and obligations to subjects who experience negative outcomes. Without such
guidance, women and their families could be at risk.
Safety of Gestating Germline-Edited Embryos
Several lines of evidence suggest that women subjects in germline editing trials could be
at risk. First, data on assisted reproductive technologies (in vitro fertilization and
associated procedures) indicate that women who undergo these procedures are at
increased risk for obstetric complications.15,16,17 These findings raise questions about how
manipulation of a human embryo or the embryonic environment might impact maternal
obstetric outcomes. For instance, there is increased risk of preeclampsia (an obstetric
condition that affects women during pregnancy and can have cardiovascular implications
after delivery) in women whose pregnancies result from frozen-thawed embryo transfer
during hormonally regulated cycles as compared to both women whose pregnancies
result from frozen-thawed embryo transfer during natural ovulatory cycles and women
whose pregnancies result from fresh embryo transfer.23 Studies also show that artificial
reproductive technologies are associated with increased risk of other placental
abnormalities that directly affect maternal health, including placenta previa, placental
abruption, and vasa previa.16 What these data indicate is that manipulation of human
embryos and its effects on events at the embryonic-maternal interface can influence
maternal outcomes, a critical issue to consider when an embryonic genome is altered.
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Second, studies of cell-free DNA (cfDNA) suggest the need for close examination of the
effects on women of carrying a genetically modified embryo, both during and after
pregnancy. Cell-free DNA screening was developed to identify the risks of fetal
aneuploidy by measuring fragments of fetal DNA circulating in maternal blood during
pregnancy.24 As a result of this technique, other formative scientific information about
the maternal-fetal interface has been acquired; fetal cfDNA is identifiable in the maternal
blood after birth and measurable for months after delivery.25 Although active germline
modification of embryos would be complete prior to birth, because the modified genome
cfDNA would persist in the maternal circulation, we must consider effects on women of
this lingering cfDNA that are as yet not fully understood.
Data emerging from these and other studies raise important questions about the health
effects on women of participating in studies of embryonic genome modification,
including not only illnesses that can develop during pregnancy but also those that might
manifest during the postpartum period—or months, years, or possibly generations after
giving birth. Although existing guidance from scholars and health organizations
highlights the need to monitor future health effects of human genome modifications
(and recognizes the challenges of doing so), it focuses on health outcomes of offspring—
not on the health and well-being of women, including those who experience miscarriage,
fetal loss, or other sequelae.2,5,9,12 The field of human embryo modification should not
move forward unless we have means for understanding the procedure’s impact on
women, fetuses, and descendants of genetically modified persons.
Why Excluding Women From Discussion of Germline Editing Is Wrong
Study design. Germline editing studies must be scientifically rigorous and emphasize
appropriate and ethically justifiable outcomes for women subjects. Without such
emphasis, women subjects could be exposed to undue harms, not only because harms
could go unrecognized at the time of the study but also because the absence of
monitoring would make identifying and articulating future implications for subjects
impossible. Germline editing trials thus must measure short-term and long-term health
outcomes of subjects to enable identification and articulation of key ethical, legal, and
social implications of these technologies. Women also can be disproportionately harmed
if there are not clear endpoints for trials with significant risks or high rates of serious
adverse events.18 These are critical considerations for any trial, but in studies involving
pregnancy, some might be willing to tolerate greater risks to pregnant women out of
concern for fetal safety and, ultimately, favorable outcomes for children.26 Recognition of
women’s interests in germline editing studies provides the impetus to develop
scientifically and ethically justifiable safeguards that do not compromise the health of
women subjects for the expected benefit of the fetus or child. Without such safeguards,
we will fail to understand how women’s gender roles (as mothers, most obviously) in
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families and societies could be affected by gene editing27 or exacerbate existing
disparities and inequities.

Respect for autonomy. There is also a need to develop and mobilize robust mechanisms

to ensure that women’s consent to participate in germline modification trials is informed
and autonomously given. Informed consent should be guided by discussion of existing
scientific data and uncertainties inherent in clinical trials; it depends on studies being
well designed, ethically and legally administered, and findings—both positive and
negative—being accurately reported and disseminated. Thus, mechanisms are needed
to ensure that researchers and physicians have access to positive and negative findings,
understand the risks to women patients or subjects, and are able to communicate risk
information effectively to these women. To further support women’s autonomous
decision making, women should be assured that their decision to participate in research
is entirely voluntary. Ensuring voluntary participation requires researchers to consider
potential sources of coercion of or undue influence on women to be subjects in germline
editing research, especially given social pressures for women to bear healthy children—
and to do so, if necessary, even at risk to themselves by utilizing available medical
technology.14 In addition, emerging data reveal differences in how women and men view
potential benefits of germline modification. For example, men might be more “accepting”
of germline gene modification than women.28 Consequently, the consent process should
be conducted in a way that is gender neutral.

Research participants. Discussion of the ethics of germline editing should include respect

for women’s autonomy and ensure that women are able to make autonomous decisions
that align with their values and needs. When women consent to enroll in germline editing
trials, it is critical that they’ve assessed potential benefits and harms. Important
discussions have emerged about serious ethical and clinical implications of excluding
pregnant women from clinical trials.26 Specifically, because there are gaps in the data on
treatment of disease during pregnancy, pregnant women receiving “standard” care,
which is “more like experiment than treatment,” are possibly exposed to potential harms
(both to themselves and their families).29
Recommendations
The following recommendations address future roles of women in germline editing.
1. It is essential to recognize the role of women as research subjects, given that
their health and well-being are directly affected and considering their roles in
families in which genetically modified children will be raised. Ethical obligations
to women as research subjects include protecting the privacy of women subjects’
health information; complying with standards of care pertaining to maternal
health and pregnancy termination if serious complications of germline
modification compromise a woman’s, fetus’, or child’s health; and considering
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social and financial responsibilities to women and their families who are harmed
as a result of women’s participation in a trial.
2. Maternal outcomes should be prioritized in study design and conduct, so that
researchers, physicians, and society do not ask or expect women to take on
unacceptable (ie, disproportionate or disparate) levels of risk in order to advance
germline editing technology.
3. Institutional review boards and other oversight bodies should be staffed with
appropriate content experts in women’s health and reproductive medicine to
ensure compliance with human subject protections, including informed consent
practices that support women’s voluntary and informed decision making about
trial enrollment.
Conclusion
The promise and peril of germline modification innovation calls for researchers, ethicists,
policymakers, and other key stakeholders to actively collaborate with women and ensure
that knowledge generated by research balances subjects’ and society’s goals and
values.29 The complexity and importance of ethical questions about germline editing
requires a “wide range of voices”3 in developing governance structures and guidelines
that consider our personal, social, and cultural beliefs about human life, sex, and
reproduction.30,31 Women as prospective subjects, scientists, policymakers, and
physicians must not only be among those voices but also have priority in making
decisions about how potential risks and benefits will be assessed in the name of
germline editing technology innovation and progress.
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