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From the time of fertilization through organogenesis the 
conceptus undergoes profound structural and functional changes
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Sadler, Medical Embryology, Figure 5-1 Hunter. OriginalEbner et al., Figure 1B Bedzhov and Zernicka-Goetz, Figure 3A 



Understanding the complex genesis of human birth defects will require models that 
recapitulate the physiological environment of pregnancy, mimic chemical exposure and the 
consequences of those exposures on developing cells, tissues and organs.

http://www.cdc.gov/ncbddd/birthdefects/index.html

Hypothesis: Understanding the causes and prevention of birth defects requires advancing 
models for human biology-based assessments and decisions
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Belle et al., 2017, Cell 169, 161-173 



Microphysiological System (MPS): cell culture systems replicating 

(patho)physiology through engineered organ architecture and 

functionality. This includes especially 3D-(co-)cultures such as 

organoids, organ-on-chip models, and multi-organ models, as well 

as the technologies to engineer and analyze these systems.

https://mpsworldsummit.com
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Incredible Advancements in the Tools and Approaches to Cell Culture

1885 Chick medullary plate

http://whyfiles.org/2015/2015-cool-science-image-contest-winners/


Montrose T Burrows

Development of continuous flow hanging drop culture device - 1912
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Organ-on-Chip, Microphysiological Models are being developed for many organs

https://ncats.nih.gov/tissuechip/chip

Lung on a Chip

NeuroVascular Unit Chip

https://news.vanderbilt.edu/2016/12/06/
blood-brain-barrier-on-a-chip-sheds-new-light-on-silent-killer/

wyss.harvard.edu

https://news.vanderbilt.edu/2016/12/06/


Many MPS models can be used to assess developmental toxicity

Computational Models
Stem Cell Models
Engineered Tissue Models
Self Organization in Organoids, Gastruloids and Embryoids
Chip-Based Models

Hutson et al., 2017 https://www.mimetas.com Kreuder et al., 2020

Pamies et al., 2017

Karzbrun et al., 2021

https://ibidi.com



Computational Models

https://pubs.acs.org/doi/pdf/10.1021/acs.chemrestox.6b00350

Models based upon cellular and molecular relationships driving cellular responses
Tissue models – Limb, palate, neurovascular unit, vasculogenesis, somite formation
Enables hypothesis building and testing. Cybermorphs



Pluripotent Stem Cell Models

Focus on differentiation, cytotoxicity, proliferation
Directly plated, embryoid body, spheroid culture models
Directed or not-directed differentiation
Endpoints: Morphological, metabolomic, differentiation-marker expression
Endpoints: Single feature, many features, single cell approach



Engineered Models

Morphological Models of Tissues or Processes
Embryoid Bodies, Bioprinted, Geometrically Constrained



https://www.rsb.org.uk/biologist-features/from-
organoids-to-gastruloids

Simunovic and Brivanlou, Development (2017) 144, 976.

Self Organization in Organoids, Gastruloids and Embryoids Models



Human Neural Organoid Models



Embryoid Model

Morphological models of tissues or processes
Embryoid body, bioprinted organization, geometrically constrained

https://www.nature.com/articles/s41467-021-23653-4



Endoderm Mesoderm

CardiacNeural Epithelium Neuroectoderm

Embryoid Model
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Tissue Chip-based Model

Constructed models that mimic tissue-level organization and physiology
Recapitulate a tissue
Establish progenitor model for morphogenesis

https://ibidi.comBurrows, 1912



70-90% of chemicals that affect stem cell endpoints are developmental toxicants in vivo
- HOWEVER -

50 – 60% of developmental toxicants do not affect the stem cell endpoints evaluated

• Differentiation Hypothesis

• Developmental Process Hypothesis

• Pregnancy Triad System Hypothesis
Developmental toxicity can be produced by adverse effects 

on the embryo, mother, or placenta. A pregnancy systems 

model will be necessary to accurately identify all potential 

developmental toxicants.

Application of Complex Models to Identify Putative Developmental Toxicants

Seed mESCs/well

Chemical exposure

Cell Number

In-cell western™ analyses

Days of 

Differentiation

0

1

X

Mouse Stem Cell ACDC Assay Why did so may chemicals not affect stem cells endpoints?



There is increasing evidence of developmental consequences of placentation defects

Modified from Perez-Garcia
Modified from Zhang Modified from Zhang



Placental Development

Sadler. Langman’s Medical Embryology. 12th Edition

At the time of Implantation, the conceptus consists of the inner cell mass and the surrounding trophoblast layer



Placental Models for Developmental Toxicity studies

https://www.ted.com/talks/anna_elisabeth_kreuder_bioprinting_the_human_placenta



BeWo Choriocarcinoma Cells syncitialization as a model of early placental development

Blue – Nuclei
Green - hCG

Placental Models for Developmental Toxicity studies

Sarah Park and Sid Hunter. Original Unpublished figure



Chemical
Cytotrophoblast Cell 

Death (LDH)
Cytotrophoblast Live 

Cell (MTS) Cytotrophoblast (hCG)
mESC ACDC Assessment    

GSC Differentiation
mESC ACDC Assessment 

Cytotoxicity

5-Fluorouracil 10 10 10 0.7 0.5

6-aminonicotinamide 1 1 1 8 8

Tributyltin 0.5 0.5 0.5 0.02 0.2

Diphenhydramine HCl 100 - - - --

Diphenylhydantoin - - - - -

Sulfasalazine - - - - -

Carbamazepine - - - - -

Busulfan - - - 20 -

Tebuconazole 100 - 30 - -

Butylparaben 100 100 100 - -

Zearalenone 100 100 30 No Data No Data

TBBPA - - 100 No Data No Data

Braga (TMEM16F)

Triclosan 30 100 30 20.4 20.4

Simvastatin 30 30 2 - -

Promethazine 30 30 30 No Data No Data

Paroxetine 10 30 30 No Data No Data

- No Effect, Chemical Concentrations (µM)

Chemicals affect Cytotrophoblasts and mouse Stem Cells

Sarah Park and Sid Hunter. Original Unpublished Data



Organotypic Culture model of Early Human Brain development

3D Static

3D Dynamic

Andrew Schwab et al., Submitted for publication

Obermeyer et al., 2013

NeuroVascular Unit



Next Generation: Integrated Systems Model

Liver Thyroid

Placenta

NVU - Vascular Compartment Brain Barrier

Neural Compartment

Stem Cell DifferentiationEdward Kelly and David Eaton 
University of Washington

Multi-chip dual flow system designV. Richardson - Original Image
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https://health-innovations.org/2020/07/03/a-tissue-engineered-uterus-supports-live-births-in-rabbits/

Tissue-Engineered Uterus Supports Live Birth in Rabbits

Magalhaes, R.S., Williams, J.K., Yoo, K.W. et al. A tissue-engineered uterus supports live births in rabbits. Nat Biotechnol (2020). https://doi.org/10.1038/s41587-020-0547-7



https://bme.duke.edu/about/news/engineered-living-cell-blood-vessel-provides-new-insights-progeria

Is it possible that combining the tools used to create blood vessels with tissue engineering approach 
for a uterus could establish an in vitro model for pregnancy model and embryonic development

https://health-innovations.org/2020/07/03/a-tissue-engineered-uterus-supports-live-births-in-rabbits/

https://www.nature.com/articles/s41467-021-23653-4 Hunter. Original



Aldous Huxley’s Brave New World???



What opportunities will come today!

Hunter. Original
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