
Page 1/8

BMP4-induced symmetry breaking in a 3D model of
the human epiblast
Mijo Simunovic  (  msimunovic@rockefeller.edu )

The Rockefeller University https://orcid.org/0000-0001-9394-1552
Ali H. Brivanlou  (  brvnlou@rockefeller.edu )

The Rockefeller University
Eric D. Siggia  (  siggiae@rockefeller.edu )

The Rockefeller University

Keywords: symmetry breaking, 3D stem cell culture, axial patterning, human embryonic stem cells

Posted Date: November 20th, 2019

DOI: https://doi.org/10.21203/rs.2.9730/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.2.9730/v1
mailto:msimunovic@rockefeller.edu
https://orcid.org/0000-0001-9394-1552
mailto:brvnlou@rockefeller.edu
mailto:siggiae@rockefeller.edu
https://doi.org/10.21203/rs.2.9730/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/8

Abstract
We describe the protocol of generating a 3D stem-cell-based model of the human pre-gastrulation
epiblast by culturing human embryonic stem cells in a mix of hydrogel and Matrigel. Much like the
epiblast of an in vitro attached day-10 human embryo, this model is an epithelial sphere with a cavity at
its center, it is expressing key pluripotency markers, and it displays apico-basal polarity. The 3D colonies
can further be differentiated with morphogens and in the case of intermediate concentrations of BMP4,
they break the anterior-posterior symmetry characterized by an asymmetric expression of a primitive
streak marker and showing signs of epithelial to mesenchymal transition. The protocol described here is
suitable for immuno�uorescence staining and for live-cell imaging.

Introduction
The work on mouse embryos and other model organisms has revealed a wealth of knowledge on the
signaling networks and morphogenesis underlying early embryogenesis, however there is still
considerable interest in understanding early development in the human. Studying gastrulation and axial
speci�cation in human embryos is ethically prohibitive, thus the development of experimental models of
the human embryo is crucial. We describe steps toward generating a 3D model of the human pre-
gastrulation epiblast by culturing human embryonic stem cells (hESCs) in a 3D enviroment. Similar
models of the early human and mouse embryos have recently been described that were used to studying
various aspects surrounding gastrulation. Namely, human stem cells were used to create spherical
epithelia that can break the amnion-epiblast symmetry under speci�c mechanical conditions1. In the case
of mouse stem cells, two prominent models have been developed for the study of primitive streak
formation and gastrulation. In the �rst, mixing mouse embryonic and extraembryonic stem cells induced
a tissue cavity and asymmetric expression of the posterior marker BRACHYURY at the epiblast-
trophectoderm interface2-4. In the second, solid clusters of mouse embryonic stem cells asymmetrically
expressed BRACHYURY as well as many of the genes expressed downstream of gastrulation upon a
short-term exposure to a small-molecule agonist of WNT5-7. Our hESC model of the human epiblast, in
terms of pluripotency, tissue polarity, size, shape, and cell density resembles the epiblast of an in vitro
attached day-10 human embryo. Modeling the polarity and cavitation of the tissue is especially important
when using morphogens known to be secreted in early embryogenesis, because the receptors for TGFβ
proteins, such as for BMP4, are localized on the basal and lateral side of the hESC tissue8. We applied
this model to identify molecular players that can induce spontaneous anterior-posterior symmetry
breaking starting from a uniform morphogen signal9. Our model isolates the contribution of the epiblast
alone in this process, but it is also well suited as a starting point in creating more complex models of
human embryogenesis, such as by layering with other tissues.

Importantly, this protocol and any study of early human embryogenesis with hESCs should be reviewed
and approved by an independent ethics committee.
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Reagents
Accutase (StemPro #A1110501)

hESC media

ROCK inhibitor Y27632 (e.g. Stem Cell Technologies #72302)

Hydrogel (e.g. Mebiol gel, CosmoBio #MBG-PMW20-1001)

Matrigel (Corning #356234) or other source of the basement membrane

morphogen (e.g. BMP4)

DPBS+/+ (#14040133)

4% PFA in PBS+/+ (e.g. Poly Scienti�c R&D Corp #S2303)

BSA (e.g. Sigma Aldrich #A7906)

Triton-X (Sigma Aldrich #X100-100ML)

Primary and secondary antibodies

DAPI

Equipment
incubator (37 °C, 5% CO2)

biosafety cabinet

standard tissue culture equipment

microscopy imaging dish (e.g. Ibidi #81156).

2 ml tube

Procedure
3D culture: preparation and differentiation

The preparation should be done inside a sterile biosafety cabinet. Ensure that all media is warmed to 37
°C especially when using thermoreversible gel.

1.    Place aliquots of Matrigel, hydrogel (e.g. Mebiol gel) and an empty 2 mL tube on ice.
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2.    Dissociate hESCs with Accutase as single cells (Stem Cell Technologies). Spin cells at 300 g for 3
min, and resuspended with hESC media to 1–2x106 cells/mL. We used mouse embryonic �broblast
conditioned media (MEF-CM) supplemented with 20 ng/mL bFGF whose preparation is described in10.

3.    Add ~30 µL of cell suspension to the empty tube on ice. Mix in 30 µL Matrigel and 150 µL hydrogel
(in that order) and aspirate-release a few times with the P1000 pipette tip to disperse the cells throughout
the gel until the mix appears homogenous. Ensure to minimize bubbling.

4.    Quickly transfer the cell-gel mix to the bottom of a 35-mm dish in a snake-like pattern, covering most
or the entire surface. If doing live-cell imaging, ensure to use cell culture imaging dish, such as the Ibidi
35-mm µ-dish (Ibidi #81156).

5.    Transfer the dish to the incubator at 37 °C and 5% CO2 for ~5 minutes to solidify the gel.

6.    Add 1.5 mL of hESC media (in our case, MEF-CM + 20ng/mL bFGF) supplemented with 10 μM ROCK
inhibitor Y27632 and optionally with pen/strep or equivalent antibiotic for ~24 h. The media should
completely cover the gel.

7.    24h after seeding, replace medium with hESC medium (in our case, MEF-CM + 20ng/mL bFGF)
optionally supplemented with pen/strep and let grow for additional 1–2 days. The gel should be solid, but
take care when aspirating the medium. In case the gel appears loose or pieces of it have broken off,
collect the medium using a wide bore tip or serological pipette, spin down at 100 g for 90 s and
resuspend in new media.

8.    Refresh media and add morphogen. For example, to treat with intermediate BMP4 concentration, as
the majority of the work in the accompanying manucsript9, add 1 ng/mL BMP4 for 24–48h. If the results
will be assessed with immuno�uorescence (IF) staining, place the dish in the incubator and do not disturb
it until the end of the experiment. To perform live-cell imaging, place the dish in the environmental
chamber atop a microscope and commence imaging at a desired time. It is best to image 3D colonies
suspended above but as close to the surface as possible.

3D culture: IF staining

The IF staining can be performed at the bench, except when handling PFA which should be done in a
chemical hood.

1.    Wash dish once with DPBS +/+ then add 4% PFA. Typically at this stage the gel is still solid, however
if it is loose or broken off, collect media, spin down at 100 g for 90 s, resuspend in DPBS+/+ then repeat
and resuspend in 4% PFA. Keep in PFA for 30–60 min.
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2.    Remove PFA and wash once in DPBS+/+. Repeat the spin down cycle if gel loosens. Block with 2%
BSA (m:v) in PBST (PBST: 0.1% Triton-X in DPBS+/+). Keep in block for at least 1h in the fridge. The
sample can stay in the block solution in the fridge for at least two weeks until ready for staining.

3.    By this point, most of the gel will loosen and in the case of thermoreversible gel like Mebiol, all the gel
will liquefy. Perform the spin down cycle in between each wash step from this point onward. Do not
aspirate the supernatant between spin downs with a vacuum aspirator; instead, gently remove it with a
P1000 pipette. Replace media with primary antibodies dissolved in the block solution and keep overnight
in the fridge. The staining time can be adjusted based on the primary antibody.

4.    Wash twice in PBST.

5.    Resuspend in secondary antibody and DAPI dissolved in block solution for 30 min at room
temperature in a dark chamber.

6.    Wash secondary antibody twice in PBST, move the sample to an imaging dish and keep in PBST.

Troubleshooting
Step 3: The hydrogel and Matrigel quickly solidify at room temperature and should be kept on ice the
whole time. The mixing with the cells should be done very quickly. It is best to add the cell suspension
�rst into a cooled down tube, then thoroughly mix in the Matrigel and then thoroughly mix in the hydrogel,
putting the tube back on ice between mixing steps.

Step 7: Spontaneous differentiation of hESCs. It is tempting to use pure Matrigel as the 3D scaffold,
customarily done with e.g. intestinal organoids. While Matrigel promotes the formation of spherical
cavitated epithelia from hESCs, the cells quickly lose pluripotency and start differentiating, showing
markers of extraembryonic fates. After 5 days in culture, prominent morphological changes are observed
with the tissue forming star-like protrusions appearing to be invading the surrounding matrix, as
described in the accompanying manuscript9. Using 1:5 (v:v) mix of Matrigel:PNIPAAm-PEG is enough
Matrigel to promote the formation of the basement membrane and it provides a 3D scaffold that does
not differentiate hESCs. This particular mix is just a suggestion and adjustments might need to be done
for different cell types, differentiation protocols, media, etc. We encourage the reader to explore other
hydrogels and extracellular matrix components, which may be more appropriate for their applications
(see e.g.11). We also encourage exploring varying the cell density when embedding into the gel.

Step 7: Poor tissue growth and insu�cient cavitation. A good preparation is characterized by an
abundance of 3D cavitated and quasi-columnar epithelia with few unstructured tissues and loose cells
(Figure 1). If there are only sporadic cavitated colonies intermixed with unstructured clusters or if cells did
not grow at all, the experiment should be repeated. We �rst suggest checking that hESCs do not show any
signs of differentiation in regular culture. Our experience is that if there are signs of spontaneous
differentiation in a parallel adherent culture, the differentiation is potentiated in 3D. The hydrogel and
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Matrigel should be used fresh or from fresh aliquots. We found that they deteriorate in 2–3 weeks in the
fridge. We also recommend testing different gel stiffness especially if using other gels. The stiffness of
hydrogels depends on their hydration and the temperature. In the case of PNIPAAm-PEG thermoreversible
gel (Mebiol), the recommended m:v fraction is 10% where the gel has a storage modulus of ~1kPA at 37
°C (Ref-12).

Step 8: Considering that morphogens can interact with the basement membrane, different cell types can
have quantitative differences in the expression of receptors, and due to other possible variability from one
system to another, precise concentrations of morphogens and length of application should be adapted to
individual systems and applications.

Step 8: With live-cell imaging, ensure that the imaging conditions are gentle enough to not be phototoxic
to the cells. 3D colonies can adhere to the surface therefore choose colonies that are suspended close to
the surface, but not touching it. Avoid imaging 3D colonies directly touching other colonies as it is unclear
how they can affect one another.

Time Taken
Dissociation, gel mixing, cell embedding and gel incubation time takes about 30–45 min.

There is two to three day wait time for tissue growth that involves two media changes, each ~10 min.

Cell differentiation time depends on the experimental question and differentiation protocol.

Staining time is variable and typically takes two days with several 10-min steps and wait times in
between.

Anticipated Results
As described above, the cells should �rst grow into cavitated epithelial colonies, easily discernible with
bright �eld microscopy (Figure 1 left) and will remain pluripotent for the duration of the experiment
(Figure 1 right). The cavitation is typically seen 48h after seeding. 
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Figure 1

The formation of 3D cavitated hESC epithelia four days after embedding single cells into the
hydrogel/Matrigel mix. Left: bright �eld image of what is considered a good preparation, characterized by
an abundance of only cavitated apithelia. Scale bar, approximately 80 µm. Right: IF staining of the
pluripotency markers. Scale bar, 20 µm.


