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Introduction
Human induced pluripotent stem cell (hiPSC)-derived embryoid 
bodies (EBs) are three-dimensional multicellular aggregates 
that show significant advantages in hiPSC differentiation 
efficiency and organoid establishment1. When hiPSCs are 
cultured in a suspension environment with relevant media, 
cells spontaneously differentiate and form EBs comprising the 
three developmental germ layers: endoderm, mesoderm, and 
ectoderm. Compared with conventional 2D planar hiPSC culture, 
this multicellular structure better recapitulates in vivo cell-cell 
interactions, improves intercellular communication, and enhances 
substance exchange2. 3D cell culture systems such as spheroids 
and organoids are gaining traction in drug discovery applications 
as improved models of disease. iPSC-derived organoids are 
invaluable resources that can provide more predictive screens 
to aid in personalized medicine. It has been demonstrated that 
the quality of EBs can impact the stability and feasibility of iPSC-
derived organoids3,4. Therefore, to further advance organoids for 
functional screening, the need for high throughput production of 
homogenous EBs with uniform shape and size has emerged.

A variety of techniques can be used to form EBs from iPSCs 
with EB-specific medium. Conventional methods such as static 
suspension culture in dishes or hanging-drops can lead to 
variable EB production and unstable EB-derived differentiation5,6. 
Newer platforms based on size-defined micropatterned wells, 
also known as “micro-space” or “microcavity” culture, have been 
developed to generate EBs with uniform size and morphology 
using single hiPSCs7. The Corning Elplasia plate is an example of a 
microcavity plate that can produce replicate spheroids of uniform 
size in mass quantities. The plate is black with a clear bottom and 
features the Corning Ultra-Low Attachment (ULA) surface,  
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a biologically inert hydrogel that supports the self-aggregation of 
cells to form 3D structures. Corning Elplasia plates are available 
in 6- to 384-well formats enabling reproducible scale-up of EBs 
to support basic research to screening applications. In this study, 
we demonstrate how the Corning Elplasia plate can enable 
spontaneous formation of spheroids from hiPSCs and subsequent 
reproducible production of uniform differentiated EBs (Figure 1). 

Materials and Methods
Spheroid Formation

Corning Elplasia 24-well round bottom plates with ULA surface 
(Corning Cat. No. 4441) were pre-wet prior to seeding cells by 
adding 1 mL mTeSR™1 medium (STEMCELL Technologies Cat. 
No. 85850) per well and centrifuging at 500 x g for 1 minute to 
remove trapped air. Human iPSCs (DYR0100; ATCC® Cat. No. ACS-
1011™) were harvested from a Corning Matrigel® matrix-coated 
6-well plate (Corning Cat. No. 354671) and cells counted using a 
Corning Cell Counter (Corning Cat. No. 6749). Cells were seeded 
into plates at increasing densities of 100, 250, 500, and 1000 cells 
per microwell in a volume of 1 mL mTeSR1 medium containing 
10 μM Y27632 (R&D Systems Cat. No. 1254) per well. Cells were 
incubated and media (mTeSR1 + Y27632) was changed daily for  
3 days. The study was independently repeated three times.

EB Formation

On day 3, the media was changed to 1 mL AggreWell™ EB 
Formation Medium (STEMCELL Technologies Cat. No. 05893) 
containing 10 μM Y27632. Cultures were incubated for an 
additional 3 days with daily media (EB Formation Medium + 
Y27632) change.
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Figure 1. Schematic of the iPSC spheroid and EB formation protocol.



Spheroid and EB Consistency

On days 3 and 6, 1 μL of 1 mM Calcein AM (Corning Cat. No. 
354216) was added to each well and incubated for 15 minutes. 
Once cells were completely stained, the 3D structures were 
imaged with the Olympus IX53 microscope to assess size and 
morphology (M). Spheroid and EB diameters were measured with 
Olympus cellSens Standard software. 

Spheroid and EB Surface Marker Expression

On day 3, iPSC spheroids were stained with SSEA4 (BD Cat. No. 
560128) and Oct4 (Abcam Cat. No. ab19857) antibodies for flow 
cytometry (FC) and immunofluorescence analysis (IF), respectively. 
For flow cytometry analysis, spheroids were digested into single cells 
with Accutase® (Thermo Fisher Cat. No. A1110501). The BD Accuri™ 
flow cytometer was used. On day 6, EBs were stained with alpha-
fetoprotein (C3; BD Cat. No. 563002), alpha smooth muscle Actin 
(Alexa Fluor® 647; Abcam Cat. No. ab196919), and Alexa Fluor 555 
β-Tubulin, Class III (BD Cat. No. 560339) antibodies to characterize 
endoderm, mesoderm, and ectoderm layer formation, respectively. 
Immunofluorescence data was captured used the BioTek Cytation™ 5.

Results and Discussion
Uniform iPSC Spheroid Formation

To assess the ability of Corning® Elplasia® plates to generate 
uniform iPSC spheroids, DYR0100 cells were seeded at four 
different densities into plates and incubated for 3 days with 
daily media changes. Once iPSC spheroids were generated, they 
were stained with Calcein AM and viewed using brightfield 
and fluorescence microscopy to examine morphology and size. 
The data show single, circular iPSC spheroids formed in each 
microcavity (Figure 2) that were consistent in size using diameter 
measurements (Figure 3). At each seeding density, spheroid 
diameter increased with longer culture duration from 1 to 3 days. 
The spheroids could also be size-controlled by adjusting the initial 
seeding density. Spheroid size ranged from 160 to 275 μm with 
seeding densities of 100 to 1000 cells per microwell at day 3 
(Figure 3).
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Figure 2. Uniform, single iPSC 
spheroids formed in each microcavity. 
Representative images of a digitally 
zoomed field from one well of a 24-well 
Corning Elplasia plate using brightfield 
(A = Day 1; B = Day 3) and fluorescence 
(C = Day 3) imaging. DYR0100 cells 
were initially seeded at four different 
densities into the plate (100 to 1000 
cells/microwell). Images were taken with 
Olympus IX53 microscope using a 100X 
objective. Scale bar is 200 μm.

Figure 3. iPSC spheroids and EBs formed 
in each microcavity were consistent in 
size. DYR0100 cells were seeded at four 
different densities (100 to 1000 cells/
microwell) into the Corning Elplasia plate 
and spheroid (days 1 to 3), and EB (days 
4 to 6) diameters were measured using 
Olympus cellSens Standard software. 
Data shown with standard error of the 
mean from 20 independent microwells.
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As the Corning® Elplasia® 24-well plate contains 554 microcavities 
per well, the average number of replicate iPSC spheroids that 
can be generated per plate is over 13,000 spheroids. This 
demonstrates the effective scale-up of uniform spheroids that can 
be cultured under a single culture condition. 

iPSC Spheroid Characterization

On day 3, pluripotency-associated markers of iPSC spheroids 
generated on the Corning Elplasia plate were characterized 
using immunofluorescence and flow cytometry. Regardless of 
cell seeding density, iPSC spheroids demonstrated strong Oct4 

Figure 4. iPSC spheroids retained 
pluripotency marker expression.  
(A) Representative images of Oct 
4-stained spheroids in individual 
Corning Elplasia plate microcavities. 
Images were taken using the BioTek 
Cytation 5 with a 400X objective. 
Scale bar is 200 μm. (B) Representative 
profile of flow cytometry analysis of 
SSEA+ cells in the iPSC spheroids using 
the BD Accuri flow cytometer. Data 
shown is for iPSC spheroids generated 
with 4 different cell seeding densities 
(100 to 1000 cells/microwell).

Figure 5. iPSC-derived EBs expressed 
typical germ layer-specific markers 
on day 6. (A) Brightfield, (B) Alpha-
fetoprotein (endoderm), (C) smooth 
muscle Actin (mesoderm), (D) 
β-Tubulin, Class III (ectoderm). 
Images were taken using the BioTek 
Cytation 5 with a 400X objective. 
Scale bar is 200 μm.

Figure 6. Uniform, single EBs formed 
in each microcavity. Representative 
images of a digitally zoomed field 
from one well of a 24-well Corning 
Elplasia plate using brightfield (A) and 
fluorescence (B) imaging on day 6. 
Images were taken with the Olympus 
IX53 microscope using a 100X 
objective. Scale bar is 200 μm.

transcription factor expression throughout the spheroid (Figure 4A) 
and a high percentage of SSEA+ cells (>96%; Figure 4B) indicating 
retention of pluripotency characteristics.

EB Differentiation and Characterization

On day 3, culture medium was changed to EB Formation Medium 
to initiate EB differentiation in the Corning Elplasia plate. After 
a further 3 days of differentiated culture, cells were stained and 
expressed protein markers characteristic of the 3 developmental 
germ layers (Figure 5). The differentiated EBs were stable and 
uniform in size as observed within the individual microcavities 
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of a well (Figure 6). Similarly, to the iPSC spheroids, the EBs 
could also be size-controlled based on initial seeding density. EB 
size ranged from 250 to over 300 μm in diameter with seeding 
densities of 100 to 1000 cells per microwell at day 6 (Figure 3). 

Following the same logic as earlier, the average number of 
reproducible differentiated EBs that can be generated per  
Corning® Elplasia® 24-well plate is over 13,000 EBs under a single 
culture condition. 

Conclusions
◗	 	Corning Elplasia plates can support spontaneous uniform 

iPSC spheroid formation and progression to reproducible 
differentiated EBs using a simple 6-day protocol.

◗	 		The iPSC spheroids and differentiated EBs can be size-controlled 
in the Corning Elplasia microcavities depending on initial cell 
seeding density.

◗	 	The iPSC spheroids demonstrated strong pluripotency marker 
expression; EBs expressed endoderm, mesoderm, and ectoderm 
markers indicating differentiation of the specific cell lineages.

◗	 	The Corning Elplasia plates can be used for scale-up production 
of high quality, reproducible EBs, and as a tool in drug discovery 
and functional screening.

References
1. Kurosawa H. Methods for inducing embryoid body formation: in vitro 

differentiation system of embryonic stem cells. J Biosci Bioeng 103:389-
398 (2007).

2. Saltzman WM, et al. Chapter 20 - Cell Interactions with Polymers. In: 
Principles of Tissue Engineering (Fourth Edition). 2014, Academic Press: 
Boston, 385-406 (2014).

3. Lin RZ and Chang HY. Recent advances in three-dimensional multicel-
lular spheroid culture for biomedical research. Biotechnol J 3:1172-1184 
(2008).

4. Guo NN, et al. Inducing human induced pluripotent stem cell differenti-
ation through embryoid bodies: A practical and stable approach. World 
J Stem Cells 12(1):25-34 (2020).

5. Hemmi N, et al. A massive suspension culture system with metabolic 
purification for human pluripotent stem cell-derived cardiomyocytes. 
Stem Cells Transl Med 3:1473-1483 (2014).

6. Li X, et al. A fully defined static suspension culture system for large-
scale human embryonic stem cell production. Cell Death and Disease 
9:892 (2018).

7. Formation of well-defined embryoid bodies from dissociated human 
induced pluripotent stem cells using microfabricated cell-repellent 
microwell arrays. Sci Rep 4:7402 (2014).

For more specific information on claims, visit www.corning.com/certificates.

Warranty/Disclaimer: Unless otherwise specified, all products are for research use or general laboratory use only.* Not intended for use 
in diagnostic or therapeutic procedures. Not for use in humans. Corning Life Sciences makes no claims regarding the performance of 
these products for clinical or diagnostic applications. *NOTE: The following products and their sterile accessories are considered US class 
I medical devices: Tissue culture plates, flasks and dishes (area >100 cm2), multilayer flasks, spinner flasks, Erlenmeyer flasks, Corning 
HYPERFlask® vessels, Corning CellSTACK® chambers, centrifuge tubes, cell culture tubes, cryogenic vials, roller bottles, microcarrier beads. 
Falcon IVF products are US class II and CE marked per the EU medical device directive 93/42/EEC.

For a listing of trademarks, visit www.corning.com/clstrademarks. All other trademarks are the property of their respective owners. 
© 2020 Corning Incorporated. All rights reserved.  12/20  CLS-AN-615

For additional product or technical information, visit www.corning.com/lifesciences or call 800.492.1110. 
Outside the United States, call +1.978.442.2200 or contact your local Corning sales office.

Corning Incorporated
Life Sciences

836 North St. 
Building 300, Suite 3401 
Tewksbury, MA 01876
t 800.492.1110 
t 978.442.2200

www.corning.com/lifesciences

ASIA/PACIFIC

Australia/New Zealand
t 61 427286832

Chinese Mainland
t 86 21 3338 4338

India 
t 91 124 4604000

Japan
t 81 3-3586 1996

Korea
t 82 2-796-9500

Singapore
t 65 6572-9740

Taiwan
t 886 2-2716-0338

EUROPE
CSEurope@corning.com

France
t 0800 916 882

Germany
t 0800 101 1153

The Netherlands 
t 020 655 79 28

United Kingdom
t 0800 376 8660

All Other European Countries
t +31 (0) 206 59 60 51

LATIN AMERICA
grupoLA@corning.com

Brazil
t 55 (11) 3089-7400

Mexico
t (52-81) 8158-8400


