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Technical improvements in developmental biology create new opportunities for research 
but also new ethical and regulatory challenges. In the early 20th century, human 
embryology research was initiated with embryos obtained by physicians after obstetrical 
surgery (such as an emergency hysterectomy) or pregnancy disruption (including 
miscarriage in the first eight weeks of pregnancy). Embryo specimens were preserved, 
fixed, and often sectioned or stained for analysis, sometimes without the knowledge of the 
female patient, and studied for decades (Morgan 2004). With the advent of in vitro 
fertilization (IVF) techniques that allowed the creation of embryos outside of a woman’s 
body in the early 1970s, scientists and clinicians faced the prospect of not only helping 
those experiencing infertility to have children, but also of studying any remaining embryos 
not transferred to a woman’s uterus. These so-called leftover embryos afforded the 
opportunity to study living human embryo specimens instead of just dead ones.  
 
As a function of the political and cultural 
sensitivity of human embryo research, 
several jurisdictions instituted a rule or 
guideline stipulating the impermissibility of 
research on human embryos beyond 14 days 
post fertilization (dpf), although the United 
States was not one of these jurisdictions.1 At 
the time, in vitro embryos could not be kept 
alive for more than a few dpf. Thus, this 
limit, first suggested in the 1970s, has remained out of reach technically until now. In 2016, 
scientists developed techniques to nurture the survival of human embryos in vitro, enabling 
embryo research up to and potentially beyond 14 dpf. Ultimately, the scientists destroyed 
the samples when they reached day 14 (Shahbazi 2016; Deglincerti 2016a). 
 
In recent years, several laboratories have made significant strides toward studying human 
embryogenesis without destroying human embryos in the process. Instead of studying 
human embryos directly, scientists are now deriving novel, laboratory-grown entities from 
human embryonic stem cells (hESCs) or from induced pluripotent stem (iPS) cells2 
(Warmflash et al. 2014; Van den Brink et al. 2014; Deglincerti et al. 2016b). These entities 
could permit studies of early human development like those already permissible with 
human embryos, as well as studies of human embryonic development stages that are 
currently off-limits with human embryos. For example, the phenomenon of gastrulation, 
which usually starts to take place around 15 dpf, could be studied in these entities.  
 

                                                
1 The United States does not have a formal policy limiting human embryo to 14 dpf; therefore, 
scientists are not restricted on their research. However, the federal government does not fund any 
research on human embryos (where they can be destroyed or subjected to risk of harm) via the 
Dickey-Wicker Amendment. The ban does not impact private or state funding of research (Matthews 
and Yang 2019).  
2 iPS cells are created by reprogramming specialized or differentiated cells (such as a skin or blood 
cell) to function similar to ESCs. This method allows researchers to create patient-specific cells that 
are easy to grow in vitro. These cells can be differentiated in the lab to examine how specific patient 
genotypes affect disease development or progression. 
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Currently, these entities are relatively simple proxies for the human embryo. With them, 
scientists seek to replicate discrete aspects of human embryo development in culture in 
order to examine developmental processes in greater detail in controlled and reproducible 
experiments. However, because of their simplicity, these entities do not eliminate the need 
for human embryo research. Thus, researchers are interested in creating more complex 
entities that would replicate human embryo development in greater detail. This would 
allow scientists to capture the complex dynamics and integrated signaling networks that are 
required for human development.  
 
These novel entities that replicate human embryo development are controversial in several 
ways. First, insofar as their development requires hESCs, their creation is objectionable to 
those who reject embryo destruction for research purposes. Second, given that they are ersatz 
embryos, there are questions about whether they are sufficiently human-embryo-like to give 
accurate information about human development. Third, because they are artificial entities, it is 
not clear whether they warrant ethical and regulatory oversight as if they are human embryos. 
That of course does not mean that no regulatory oversight would be appropriate, but the issue 
is whether research with these entities should be subject to separate ethical and regulatory 
oversight. Fourth, there are important disagreements about what these novel entities should be 
called. The terminology is important, not least because referring to them as embryos or 
embryo-like, for instance, triggers a variety of responses that may or may not be appropriate 
given the nature of these entities (Baylis and Krahn 2009). 
 
In this paper, we delve into these novel entities by briefly reviewing their biological character 
and the processes by which they are being or may be created. We then turn to the question of 
nomenclature. Next, we explore how these entities fit or fail to fit into existing regulatory 
schemes and research policies, and raise and address ethical questions about these entities. 
Finally, we make a recommendation about how research with them should be governed. 
 

What Are These Entities? 
 
Embryonic stem cells (ESCs) have been derived from several mammals including mice, 
monkeys, and humans. These cells are similar to the cells of the epiblast in the early 
development in these animals. They can give rise to all cells of the embryo in the case of 
mice and primates. While the full potential of human cells is unknown due to ethical 
constraints on human embryo research, hESCs can become many different cell types in 
culture, depending on the culture conditions. Recent efforts have attempted to recapitulate 
early development by culturing mouse ESCs with cells that represent extraembryonic cell 
types. In the case of human cells, novel embryo-like entities can be derived in several ways, 
including the use of micropatterned colonies of hESCs cultured with several regulatory 
factors that induce pattern formation in the embryo. One example of such an entity is a 
“gastruloid,” a simple form of self-organized hESC colonies of controlled size and shape 
with identifiable features, such as a primitive streak (usually found in human embryos only 
at or around 14 dpf) and ordered layers of cells from all three germ layers (which usually 
happens around 15 dpf) (Aach et al. 2017; Deglincerti et al. 2016b; Van den Brink et al. 2014; 
Warmflash 2014).  
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Of note, all of these human-cell-derived entities are poorly organized relative to intact 
embryos, and they lack extraembryonic and maternal cell types important for robust and 
accurate embryonic development. Nevertheless, the potential for future experiments that 
accurately mimic human embryos means we should consider the ethical issues they may 
raise before they are a reality. 
 
While research with these entities is still 
rudimentary, their use has led to some 
successes. They have the advantage of 
reproducibility, since hundreds of them can 
be made with exactly the same genotype. 
They are also highly manipulable, as their 
cells may be engineered to mutate specific 
genes or add genes that allow for direct 
detailed observation of living cells. Yet it is 
difficult to know how closely these 
gastruloids resemble human embryos undergoing or having undergone gastrulation 
without comparing them to actual developing human embryos (which is impermissible in 
some jurisdictions).  
 
Given sufficient advances in cell culture methods, these novel entities may ultimately be 
‘made to order’ at any stage of embryonic development. They could potentially mimic 
both earlier and later stages of embryo development (such as the blastocyst stage, which 
normally occurs around 3 to 6 dpf, or the neurula stage, which normally occurs around 20 
dpf). As with simpler entities, determining whether these more complex ones are adequate 
will require comparative research with actual human embryos. The creation of embryo 
models of a more advanced age leads researchers into ethically risky territory. For instance, 
kidney organoids are in vitro cultured cells, typically ESCs, that are organized similar to a 
kidney. However, a recent study revealed unexpected muscle and brain cells in kidney 
organoids (Wu et al. 2018), highlighting the need for careful scientific and ethical analysis 
of these entities.  
 

What Should We Call Them? 
 
Scientists have offered several names for these novel entities, including “embryoids,” 
“embryoid bodies,” “synthetic embryos,” “synthetic human entities with embryo-like 
features (SHEEFs),” and “micropatterned hESC colonies” (Warmflash et al. 2014; Van den 
Brink et al. 2014; Simunovic and Brivanlou 2017; Aach et al. 2017). Of note, several of these 
names include reference to the embryo. Furthermore, two of them refer to the synthetic 
origins of these entities. In so doing, both of these terms may lead to political and ethical 
controversy. For instance, synthetic entities could summon public fears of artificial 
biology. Similarly, referring to these entities as “embryos” raises the prospect of regulating 
their use according to existing human embryo research policies, even if they are created at 
a certain developmental stage without any previous development as an embryo. 
 



Cell-Culture Models of Early Human Development 

5 

Because of these issues, some scientists refer to these novel entities in ways that avoid 
references to their origins or similarities with embryos. For example, the original paper 
referred to these entities as "micropatterned hESC colonies," which describes their origins 
but not their similarities to embryos in their current state (Warmflash et al. 2014). Others 
have tried to be more explicit by calling attention to the specific developmental stage they 
are meant to mimic. For instance, entities that approximate the formation of gastrulation 
are referred to as "gastruloids" (Van den Brink et al. 2014) and those approximating the 
formation of the blastocyst as "blastoids" (Rivron et al. 2018). Of course, these choices are 
not without criticism. The apparent 
descriptiveness of the terms deflects 
attention from the resemblance these 
entities have to embryos. 
 
We propose referring to these entities 
collectively as "human cell-culture models 
of early development" (hCCMEDs). 
Although hCCMED might not be as 
memorable as some of those mentioned 
earlier, we believe it has the advantage of 
being informatively descriptive. While this terminology conceals the similarities these 
entities have with embryos, we believe such concealment serves to focus attention on 
morally relevant issues without engaging in contentious debates. Wherever we consider it 
useful to describe a particular kind of hCCMED in a more specific way, we do so. For 
instance, we refer to an entity that approximates gastrulation as a "human cell-culture 
model of gastrulation."  
 

Ethical Issues Raised by hCCMEDs 
 
Aside from the issue of nomenclature, hCCMEDs raise ethical challenges concerning their 
moral status. Are hCCMEDs sufficiently human-embryo-like to be treated morally as if 
they were human embryos? Of course, even if the answer to this question is “no,” 
hCCMEDs may still be thought as having moral status or deserving respect or 
consideration, which would have implications for how they ought to be treated. This 
answer also impact how research using hCCMEDs are regulated, if at all. 
 
The Moral Status of hCCMEDs 

There are several grounds that have been advanced as necessary and/or sufficient for 
human embryos to possess full or partial moral status: species membership, individuality, 
some physical characteristics, cognitive capacities, and potentiality. Below we consider each 
of these in turn in regard to hCCMEDs (see also Hyun et al. 2016; Aach et al. 2017; Harvard 
University 2018).  
 
Species membership: Whether hCCMEDs belong to the human species depends on 
whether they are more like human organs or organoids (which are just a part of a human, 
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and not full members of Homo sapiens) or more like human embryos (which are). In some 
respects, an hCCMED is more similar to a kidney organoid or a human cell-culture 
model of the kidney, than to a human embryo. Both the hCCMED and the kidney 
organoid enable the study of some key features of human development, structural and 
functional anatomy, and physiology that may otherwise be technically impossible to 
study or scientifically more difficult (or less tractable) via other means. It is true that an 
hCCMED is meant to mimic certain aspects of the human embryo and thus it might be 
thought of as akin to human embryos. Nonetheless, its status as a model of embryonic 
development suggests that it is not sufficiently embryo-like to count as a member of H. 
sapiens. If future research with hCCMEDs turns out to produce entities with even more 
similarities to human embryos, judgments about whether they belong to the human 
species could change.  
 
Individuality: Insofar as something akin to “twinning” can be controlled in the research 
setting, hCCMEDs are biological individuals only at the will of scientists. The hESCs that 
would likely be used to create hCCMEDs can essentially be expanded indefinitely in 
culture. Creating many identical hCCMEDs is likely because experimental reproducibility 
is an essential advantage of using hCCMEDs. Given that this conditional criterion can and 
likely will be violated easily, it is unlikely to be used as a criterion to evaluate the moral 
status of hCCMEDs. 
 
Physical characteristics: The physical characteristics of hCCMEDs raise the most 
compelling grounds for moral status considerations (Aach et al. 2017) because they are lab-
created entities that resemble human embryos in their shape, size, and identity of their 
component cells. Should hCCMEDs develop neural tissues, for instance, some might argue 
that these tissues could subserve the emergence of morally relevant traits (such as 
sentience, discussed below), and that the physical nature of these tissues and the capacities 
they eventually enable are sufficient for moral status. But insofar as hCCMEDs are created 
for research purposes exclusively and not as part of a reproductive enterprise, the 
likelihood that hCCMEDs will develop into physically and physiologically complex enough 
entities to be ersatz embryos is negligible. Even so, this research warrants critical scrutiny 
to ensure this prediction remains accurate.  
 
Cognitive capacities: Like human embryos, hCCMEDs also lack sentience or consciousness. 
Nonetheless, possible advances in long-term culture conditions may allow hCCMEDs to 
develop for months and reach the equivalent fetal stages of human development where 
sentience exists. Given that many would take sentience to be a characteristic that confers at 
least partial moral status, consideration should be given to limiting the time of culture or 
developmental stage as technology progresses. 
 
Potentiality: The potential for an hCCMED to become a person is virtually nonexistent 
without significant advances in in vitro culture conditions that could allow an hCCMED to 
implant in a woman’s uterus. This is not possible at this point, but technical developments 
might allow scientists to create entities with such potentiality and an artificial uterus to 
maintain an embryo ex vivo. To the extent that potentiality confers any degree of moral 
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status, hCCMEDs that have the potential to become persons would possess such degree of 
moral status. Nonetheless, even though hCCMEDs lack the ability to implant at this point, 
it may prove useful to think of them as possessing potentiality in the same way as many 
commentators think of leftover human embryos destined for destruction rather than for 
reproductive purposes. An hCCMED’s developmental potential, short of personhood, rests 
firmly in the hands of the scientists culturing it, and in those of any governance body 
overseeing the research.   
 
Implications of Claims About the Moral Status of hCCMEDs on the 14-Day Guideline 

To have moral status is “to be morally considerable, or to have moral standing.” This 
means our “needs have moral importance in their own right” (Warren 1997, 3). Further, 
others have or can have obligations to us, and there are limits on how they may treat us. 
For hCCMEDs, as for human embryos, having moral status does not by itself determine 
how they should be treated, just that they should be given consideration in moral 
deliberations (Warren 1997). Accordingly, judgments about whether hCCMEDs have moral 
status at all, or the degree of moral status they might have, are insufficient to resolve 
questions about the moral permissibility of their creation and disposition. Whatever the 
answer about the moral status of hCCMEDs or lack thereof, it is worthwhile to briefly 
assess how the existence of these entities could impact deliberations about the 14-day 
guideline governing human embryo research. 
 
If hCCMEDs are deemed to have full moral status, then hCCMED-destructive research 
may be morally impermissible insofar as society would have a strong warrant to protect 
them. As in the case of human embryos, however, many might hold that such warrant may 
be overridden by other moral considerations in very limited circumstances. If, on the other 
hand, hCCMED characteristics confer a lesser degree of moral status, research on them 
could be morally permissible under some circumstances. For instance, hCCMED-
destructive research could dramatically reduce the scientific need for embryo-destructive 
research beyond 14 dpf (and of gametes as well). That is, even if hCCMEDs have partial 
moral status, their mere availability for research purposes could justify several possibilities 
regarding the 14-day guideline (Box 1). 
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The third possibility in Box 1—that hCCMEDs could effectively replace human embryos for 
all research purposes—is contestable. There might be questions that human embryo research 
alone could answer, including validating any observations made with hCCMEDs, given the 
particular dynamics of human embryogenesis from fertilization onward. These experiments 
would need to be defended scientifically and 
pass a high degree of ethical scrutiny. 
 
Due to the circumstances of their creation, 
and especially the fact that hCCMEDs do 
not arise via fertilization, it may be the case 
that the 14-day rule should not apply to 
them. This does not eliminate the possibility 
that considerations about hCCMEDs may 
influence deliberations about the 
appropriateness of the 14-day rule, nor does 
it foreclose the possibility of developing separate guidelines for hCCMED research in light 
of their morally relevant similarities with actual human embryos.  
 

Policy Issues Raised by hCCMEDs 
 
In relation to the 14-day guideline, hCCMEDs are derived from cultured cells organized to 
act in embryo-like ways to facilitate the study of early human development. Accordingly, 
scientists have argued that experiments with hCCMEDs do not violate the 14-day rule 
because they are not intact embryos. Indeed, part of their promise lies precisely in the fact 
that researchers can experimentally analyze certain aspects of human embryo 
development in hCCMEDs in ways that would be impermissible with actual embryos 
because of the 14-day rule (Aach et al. 2017).  
 
In addition to a lack of federal regulation of human embryo research, the United States also 
lacks regulation of hCCMEDs. Using the Dickey-Wicker Amendment, the U.S. federal 
government prohibits funding research utilizing human embryos, but these regulations do 
not seem to apply to current hCCMEDs because they are considered organized hESCs and 
not a human organism. In the 2011 case Sherley vs Sebelius, the U.S. courts determined that 
the Dickey-Wicker Amendment prohibited creating and destroying human embryos, but 
research using existing hESCs could be federally funded (Cuchiara et al. 2013). Therefore, 
since hCCMEDs involve using existing hESCs and not embryos, they are eligible for 
federal funding. Moreover, the definition of a fetus in the federal statute requires 
implantation, which does not occur in current hCCMED models (45 C.F.R. §46.202(c)).  
 
Depending on how embryos are defined, hCCMEDs may also fall outside other national 
policies. For instance, Italy’s policy prohibits the creation of human embryos for research 
purposes or via cloning, but does not explicitly prohibit hESC research; therefore, 
hCCMEDs derived from existing hESC lines would be legal (Parlamento Italiano. 2004). 
Spain defines an embryo as the fertilization of an egg and sperm, and researchers can 
therefore conduct work on hCCMEDs since they are derived from hESCs (Spain 2007). In 
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contrast, Austria’s ban on human embryos specifies, “cells capable of development may not 
be used for purposes other than medically assisted procreation,” which would include 
hCCMEDs (Austria National Council 1992).  
 
Currently, the International Society for 
Stem Cell Research (ISSCR) does not limit 
hCCMED research to 14 dpf or the primitive 
streak (ISSCR 2016). It does recommend that 
research using hCCMEDs, like that using 
human embryos, should be reviewed by a 
stem cell research oversight committee 
(SCRO, sometimes known as Embryo 
Research Oversight committee, EMRO). By 
participating in this review process, 
scientists would be acknowledging the 
sensitive nature of the research and 
respecting potential public objections, while 
still continuing to conduct innovative work. Having a robust ethical review framework also 
allows for clear classification of the ethical risks associated with the possible developmental 
trajectories of hCCMEDs both now and in the future. Furthermore, this kind of review 
provides researchers with confidence that the work they propose has strong scientific and 
ethical justifications. However, a thoughtful institutional ethical review of hCCMED 
research might require a higher level of expertise than is generally available in some 
facilities, which might necessitate outside peer review consultation on the science and 
ethics of the research. 
 

Conclusion 
 
Any reexamination of the 14-day guideline should also consider these embryo-like entities 
and determine if and when they should fall under human embryo guidelines (ISSCR 2016; 
Munsie, Hyun, and Sugarman 2017). This assessment is particularly important because it is 
not clear that current embryo research regulations can be applied to hCCMEDs. As we have 
seen, hCCMEDs do not go through the usual stages of development (including 
fertilization). Hence, the 14-day rule may not adequately capture the ways in which these 
entities might develop morally relevant features (such as a well-differentiated central 
nervous system) through altered forms of development (Aach et al. 2017; Pera 2015). For 
instance, the 14-day limit ensures that embryos are not developed beyond the appearance 
of the primitive streak. But since hCCMEDs might be created from cultured cells at later 
developmental points (such as a gastruloid that mimics gastrulation, which occurs at 17 
dpf), the primitive streak could never happen in culture, with the cells jumping straight to a 
point beyond this stage.  
 
Furthermore, since hCCMEDs possess a different potential than human embryos, it might 
be better to develop specialized guidelines for them. Such guidelines could allow for the 
continuation of valuable research while ensuring that these entities are not manipulated to 
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develop the potential to turn into an actual human embryo in utero or in a permissive in 
vitro environment.  
 
New guidelines could, for example, avoid definitional challenges and instead focus on the 
characteristics of these entities that generate ethical concerns that are almost identical to 
those surrounding normal human embryos. For instance, new guidelines could pose limits 
based on hCCMEDs’ functionality, such as the point at which they acquire neural structures 
that permit the experience of pain, regardless of when they happen (Aach 2017). These 
suggestions are similar to proposals for alternatives to the 14-day limit of human embryo 
research. However, there is no consensus even among scientists about what point or feature 
should be used as the limit on hCCMED research. 
 
With technology and the use of hCCMEDs increasing, it behooves scholars to continue 
discussions about these entities rather than focus exclusively on human embryo research. 
At this point, the use of hCCMEDs as an alternative to human embryos allows scientists to 
acquire knowledge of early human development that they cannot presently obtain by using 
human embryos. But as research is conducted that can increase the developmental 
plasticity of hCCMEDs, there should be an effort to explore ethical concerns related to 
their use as well as discussion about the appropriate level of research oversight.  
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