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Abstract: Over the past century, the scientific foundation of embryonic development has primarily relied upon
meticulous examination of developmental processes in model organisms. However, investigating the development of
mammals has presented numerous challenges, including interspecies disparities, ethical considerations, and technical
constraints. With the rapid advancement of stem cell technology, researchers have endeavored to overcome these
obstacles by harnessing the potential of stem cells to generate sophisticated in vitro embryo models. The rapid

advancement of stem cell technology has revolutionized our approach to study embryonic development. While the
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ability of current embryo models to fully simulate the authentic developmental process is yet to be verified, they
undeniably present new possibilities for developmental biology research. This review primarily focuses on mouse and
human, summarizing the types of stem cells used in constructing embryo models and elucidating the roles and
importance of different stem cells in simulating developmental processes. This review systematically presents and
dissects crucial events and spatiotemporal dynamics in the embryonic development of both mice and humans across
various stages. We thoroughly discuss the remarkable milestones achieved by existing embryo models, explore
methods for evaluating the biomimicry of these models, and highlight the crucial role of bioengineering methods in
embryo model development. The pivotal role of bioengineering in advancing embryonic model development is
underscored, emphasizing its indispensable contribution to providing the requisite technical scaffolding for the
realization of instruct multicellular induced self-organization with high-level spatiotemporal orders. Additionally, we
provide perspectives for the optimization and progressive refinement of embryo models, so as to improve their
relevance and applicability. In summary, engineered advances in stem cell-based synthetic development could not only
improve our understanding of the inherent complexities of embryos, but also hold the potential for applications in
disease research, drug screening, reproductive medicine, toxicological assessments, and other related fields, thereby

opening new avenues for both fundamental and translational research.
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IZAE R I AR R EPLAG ), R R I HI A
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FRER B A HLE], AH S R 4 A S A 5
30V, B JE, @it hPSC M naive 3| primed £ fg P
REHA, RG0S5 N IR G AR H B
3 RN B 2 IR B R R IR A AL, WIS R 2 N
ANSZBPRAS FEA BRI S R AR

2014 FiE LR (micropattern) 454 BMP4
B, IS EL T ST hESCH#EAT 4 (2D) )= [
B ZITEF R T — MRk g5ty 2L
WHIAMIRZE . i A IRZE (mesendoderm) . A
BEFRAMRJE ) 3 R BN o 2071 ARSI 1 2R
JR i W AS [5) JIR J2 R BB, ABLAZ 7 VA 2 Y ) 45 7
HERAMBEMAFEERRKEST . NK=4%
(3D) Ji i W A A5 28 HE IR i hESC AR R = 4E 2
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EHRAE R RKEFTRIHE 13~14 (RN AR &
6a) I JLF A S5t FURHAE, 045 R 28R 02 IR
BHITE RS ANRZE I R A A E A e T
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Fig. 2 Presentation of research achievements in stem cell-based mouse and human embryonic models (Created with BioRender.com)
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