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Study question: We evaluated several methods for creating and maintaining differentiating cells in order to
induce primordial germ cell (PGC) appearance.
Summary answer: Creation of embryoid bodies (EB) in hanging droplets (HD) supplemented with differentiating
factors yielded PGCs more consistently and at a higher proportion.
What is known already: Differentiation of embryonic stem cells (ESC) often proceeds through the formation
of EBs, three-dimensional aggregates of stem cells which have the ability to spontaneously form ectodermal,
mesodermal, and endodermal layers. EBs can be formed in HDs or in suspension. After formation, EBs can be
cultured with growth factors in order to obtain PGCs. Development of PGCs has also been reported without the
need to go through EB formation by simply adding growth factors to cells cultured in wells.
Study design, size, duration: From April 2016 to January 2017, 260 EBs were formed from mouse embryonic
stem cells (mESC) via the hanging drop method. After formation, EBs were maintained with media supplemented
with differentiating factors in either HDs or in culture dishes. ESCs were also separately cultured with differentiating
factors in well-plates. PGC differentiation was assessed by germ cell-alkaline phosphatase (GCAP) and
immunofluorescence staining.
Participants/materials, setting, methods: mESCs were maintained on mouse embryonic fibroblast (MEF)
cells. Confluent colonies were passaged by trypsinization. 1000 feeder-free mESCs were placed in 25uL HDs. After 2
days, EBs were either transferred to HDs containing RA or cultured in dishes with RA. On day 8, EBs were treated
with collagenase and stained for AP/OCT4/DAZL.
A separate cohort of mESCs were maintained in well-plates supplemented with Activin A/bFGF/KSR. Cells were re-
plated after 3 days and maintained with LIF/BMP4/BMP8b/SCF/EGF.
Main results and the role of chance: After the development of 260 EBs in their respective HDs, 100 EB
were re-plated on day 2 to corresponding HDs containing RA while the remaining 160 EBs were transferred to RA-
supplemented Petri dishes. On day 8, EBs cultured in HDs reached approximately 150um in diameter, while EBs in
dishes reached 280-300um. All EBs were frozen in a DMSO solution at day 8 for later analysis.
After thawing, EBs were treated with collagenase IV to isolate individual cells for staining. GCAP staining of EBs
cultured in HD yielded an average of 77% GCAP positive cells, while those in dishes only presented 22% GCAP
postivity. EBs were also assessed for OCT4 activity to determine loss of stemness. In HD-cultured EBs, 40% of
isolated cells were strongly positive for OCT4, compared to 60% of cells isolated from EBs cultured in dishes,
indicating a higher level of cell differentiation in the former. DAZL staining was also performed to undoubtedly
detect male germ cell appearance. EBs cultured in HDs yielded 5% DAZL-positive cells, whereas EBs cultured in
dishes only yielded 1% DAZL-positive cells.
Because of the peculiarity of the multi-well culture, assessment for PGD appearance is still being carried out.
Limitations, reasons for caution: This is a preliminary study assessing only the early stages of differentiation
with somewhat limited efficiency. Once confirmed that HD culture in the presence of differentiating factors is the
best method to expeditely generate PGCs, the next step would be toward enhancing efficiency and coaxing towards
post-meiotic stages.
Wider implications of the findings: ESC differentiation offer the possibility to generate gametes in vitro.
Mouse ESCs provide a great inexpensive and ethically acceptable model to experiment with these procedures.
These cells, however, are not genotyped to the individual. Using pluripotent stem cells would ultimately generate
genotyped gametes useful for patient treatment.
Trial registration number: N/A
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Germ cell alkaline phosphatase (GCAP) staining of EBs
cultured in HD yielded an average of 77% GCAP positive
cells, while those in dishes only presented 22% GCAP
positivity. EBs were also assessed for OCT4 activity to
determine loss of stemness. In HD-cultured EBs, 40% of
isolated cells were strongly positive for OCT4, compared to
60% of cells isolated from EBs cultured in dishes,
indicating a higher level of cell differentiation in the former.
DAZL staining was also performed to undoubtedly detect
male germ cell appearance. EBs cultured in HDs yielded
5% DAZL-positive cells, whereas EBs cultured in dishes
only yielded 1% DAZL-positive cells. (Table 1). We found 4
genes with upregulated expression in EBs formed in HDs
(Table 2). These genes appear to be associated with
gametogenesis, and Prm2 specifically is related to
spermatogenesis.

mESC were maintained on mouse embryonic fibroblast
(MEF) cells. Once mESC became confluent, they were
passaged using trypsin. 1000 feeder-free mESCs were
placed in 25 uL HDs. After 2 days, 100 EBs were
transferred to HDs containing retinoic acid (RA) and 160
EBs were transferred to Petri dishes supplemented with
RA. On day 8, all EBs were frozen in a DMSO solution for
future analysis. After thawing, EBs were treated with
collagenase IV to isolate cells for staining. Isolated cells
were stained for AP/OCT4/DAZL.

The hanging drop (HD) method is a common method for in
vitro differentiation of mouse embryonic stem cells (mESC)
via the formation of embryoid bodies (EBs). EBs are three-
dimensional aggregates of stem cells that have the
capability to spontaneously differentiate into the early germ
cell layers, which is crucial for developing primordial germ
cells (PGCs). After EBs are formed, they can be cultured
with differentiating factors in order to induce PGC
formation.

Gene Chr Function
Kit 4 Regulator of cell survival and proliferation; gametogenesis
Gdf9 5 Ovarian folliculogenesis
Sox17 8 Transcriptional activator in premeiotic germ cells
Prm2 16 Compacting of sperm DNA into condensed and stable complex

Table	2.	Genes	with	upregulated	gene	expression

Hanging droplet Dishes
GCAP 77% 22%

OCT4 40% 60%

DAZL 5% 1%

Table	1.	Staining	of	EBs	cultured	in	hanging	droplets	versus	dishes

This is a preliminary study assessing the early stages of differentiation. HD culture in the
presence of differentiating factors provides an easy method to develop PGCs readily, although
with a limited efficiency. Our next steps would be to increase efficiency and to differentiate
PGCs into post-meiotic germ cells.

Figure	3.	Morphology	of	EBs	cultured	in	hanging	droplets	versus	dishes

EBs cultured in hanging droplets reached 150 um in diameter, while EBs cultured in
Petri dishes reached 280-300 um in diameter (Figure 3). EBs in HD culture also display
a rounder morphology compared to EBs cultured in Petri dishes.
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Figure	4.	Immunofluorescence	staining	of	EBs	cultured	in	hanging	droplets	versus	Petri	dishes
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