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Embryos are the great masters. Through evolution, they have acquired exquisite ways to form. These ways are not only fascinating but also instrumental for understand-
ing reproduction, diseases, and regeneration. However, embryonic development is complex, dynamic, and remains poorly understood due to limitations in manipulating 
(genetically and physically) and observing it. In particular, mammalian embryos remain the most enigmatic as they are scant and hidden in the womb. Thus, even though 
fascinating principles of genesis manifest in embryos, they often remain inaccessible.

Recently, an alternative approach has come from the formation of embryo models made solely from stem cells for both fundamental and translational research (Fu et al., 
2021). Because stem cells are available in large numbers and can be genetically modified easily, embryo models are powerful and scalable surrogates amenable to detailed 
investigations. As a bottom-up approach to embryology, embryo models could help reveal the first principles of development while alleviating the use of embryos (Rossant 
and Tam, 2021).

STEM CELLS
Stem cells are characterized by an intrinsic ability to self-renew so as to form or replace tissues through cell division. They have been isolated from embryos and expanded 

in vitro using culture conditions inspired by the native embryonic environment. Under suboptimal culture conditions, stem cells are often heterogeneous, containing 
subpopulations reflecting different developmental stages, or states that are not found in vivo. However, optimal conditions can constrain stem cells into more discrete states 
closely reflecting specific embryonic stages. The most iconic stem cell is arguably the embryonic stem cell that reflects the epiblast lineage and can form the whole body. 
However, stem cells have also been established from the two extraembryonic lineages (extraembryonic endoderm and trophoblast). Different stem cell states reflecting the 
same lineage can also be captured at different developmental stages when cultured under conditions that resemble the environment of these stages. Finally, by mimicking 
the progression of environments occurring in vivo, stem cells can be channeled to differentiate into specialized cell types (e.g., neurons). These breakthroughs have made 
available a virtually infinite number of stem cells and have revealed that recreating the embryonic environment in vitro can capture states reflecting in vivo counterparts or 
guide their development.

EMBRYO MODELS
When combined, stem cells have the capacity to form and sense local mechanochemical environments that trigger patterning and morphogenetic processes reminiscent 

of embryogenesis. This intrinsic property can be efficiently unleashed by combining, in specific numbers, embryonic and/or extraembryonic stem cells with matched devel-
opmental stages and exposing them to stage-specific signaling cues. This has led to the development of embryo models with different levels of completeness and capabilities 
to model different stages. Because embryo models can be generated in large numbers and modified genetically and physically in convenient ways, they are useful for reveal-
ing the principles of embryogenesis. The decoupling of embryonic regions in embryo models has revealed hidden interdependencies along with levels of tissue autonomy. 
Such studies have further highlighted a fine interplay between embryonic inductions, geometry sensing, and the propagation of mechanochemical signals, whose dynam-
ics generates embryonic patterns and shapes. Although embryo models are currently rudimentary and necessitate continuous optimization and benchmarking, they have 
become powerful means of generating scientific and biomedical hypotheses.

ENVISIONED BIOMEDICAL APPLICATIONS
Embryo models can be used to improve human health in five ways (Rivron et al., 2018).

(1) Treating infertility. It is estimated that at least 40% of pregnancies end before 20 weeks of gestation, with 70% of those failing around implantation. An improved un-
derstanding of early embryogenesis could inform on therapeutic strategies to improve infertility treatments.

(2) Improving IVF. Only about 20% of IVF procedures result in a birth. Understanding early embryogenesis could instruct on ways to optimize the implantation of IVF 
embryos while minimizing cellular abnormalities. This could reduce the number of IVF procedures while ensuring the health of children conceived by IVF.

(3) Advancing family planning. The ability for women to control pregnancy is critical to sustainable, global development and to improve gender equality. Knowledge about 
early embryogenesis could lead to the development of effective contraceptive strategies with fewer side effects.

(4) Preventing diseases. Subtle abnormalities in the first weeks of pregnancy, such as those caused by the use of alcohol or medications, can have long-term consequences. 
For example, genetic mosaicism or abnormal placental development can limit embryo growth, affect birth weight, and increase the propensity for chronic diseases 
during adult life. Embryo models could aid in identifying the underlying mechanisms and assessing the effects of diets or drugs.

(5) Generating/regenerating organs. Forming organs in an environment resembling the developing embryo could lead to the formation of organ rudiments that more 
closely generate complex, mature, and functional organs. As such, embryo models could help to generate interconnected tissues and organs for drug screens or 
transplantation or to understand and promote regeneration.

FRAMING THE ETHICS
Embryo models are rudimentary and different from embryos. They do not arise from the fusion of gametes and can only mimic a short developmental time window of 

typically a few days. As such, they are not considered equivalent to intact embryos under most legislation. Nevertheless, embryo model research necessitates a framework for 
ethical oversight, as proposed in the ISSCR ethical guidelines. In addition, the term embryo model probably best reflects the current state and envisioned applications of these 
entities (Rossant and Tam, 2021). Considering the proportionality (balancing the benefits and harms) and subsidiarity (pursuing goals using the morally least problematic 
means) of embryology, embryo models represent an ethical alternative complementary to the use of embryos.
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