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23 SUMMARY:
24 Primordial germ cells (PGCs) are common precursors of both sperm and eggs. Human embryonic
25  PGCs are specified from pluripotent epiblast cells through interactions of cytokines. Here, we
26  describe a 13-day protocol of inducing human cells transcriptomally resembling PGCs at the
27  surface of embryoid bodies from primed-pluripotency induced pluripotent stem cells.
28
29  ABSTRACT:
30 Primordial germ cells (PGCs) are common precursors of all germline cells. In mouse embryos, a
31 founding population of ~40 PGCs are induced from pluripotent epiblast cells by orchestrated
32 exposures to cytokines, including bone morphogenetic protein 4 (Bmp4). In human embryos, the
33  earliest PGCs have been identified on the endodermal wall of yolk sac around the end of the 3™
34  week of gestation, but little is known about the process of human PGC specification and their
35 early development. To circumvent the technical and ethical barriers of studying human
36 embryonic PGCs, surrogate cell culture models have been recently generated from pluripotent
37 stem cells. Here, we describe a 13-day protocol for robust production of human PGC-Like Cells
38  (hPGCLCs). Human induced pluripotent stem cells (hiPSCs) maintained in the primed pluripotency
39 state are incubated in the 4i naive reprogramming medium for 48 hours, dissociated to single
40 cells, and packed into microwells. Prolonged maintenance of hiPSCs in the naive pluripotency
41  state causes significant chromosomal aberrations and should be avoided. hiPSCs in the
42  microwells are maintained for an additional 24 hours in the 4i medium to form embryoid bodies
43  (EBs), which are then cultured in low-adherence plasticware under a rocking condition in the
44  hPGCLC induction medium containing a high concentration of recombinant human BMP4. EBs
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are further cultured for up to 8 days in the rocking, non-adherent condition to obtain maximum
yields of hPGCLCs. By immunohistochemistry, hPGCLCs are readily detected as cells strongly
expressing OCT4 in almost all EBs exclusively on their surface. When EBs are enzymatically
dissociated and subjected to FACS enrichment, hPGCLCs can be collected as CD38+ cells with up
to 40-45% yield.

INTRODUCTION:

Primordial germ cells (PGCs) are common precursors of all germline cells in both sexes. Most of
our knowledge on development of PGCs in mammalian embryos has been obtained through
studying laboratory micel2. At embryonic day 6.0-6.5 of mouse embryos, 6 or similar small
numbers of PGC precursors are located in the epiblast, and a founding population of ~40 PGCs
are induced from them in a manner dependent on bone morphogenetic proteins Bmp2 and
Bmp4 secreted from adjacent cells. The earliest human PGCs so far identified in embryos were
on the endodermal wall of yolk sac at around the end of the third week of gestation3. Because
this is the same place as migrating PGCs are observed in mouse embryos, it is likely that the
observed human PGCs were in the path of migration but not the founding population.
However, studies tracing back earlier stages of PGCs or PGC precursors in human embryos have
been missing.

Access to human embryonic PGCs is challenging due to both technical and ethical obstacles. To
overcome these hurdles, PGC-like cell culture models have been recently generated from
human pluripotent stem cells (PSCs). Pluripotency is the cellular capability to differentiate into
the germline and three embryonic germ layers*. Whereas human PSCs maintained in the
mTeSR1 medium (a ready-to-use, commercially available medium formulated for maintenance
of human PSCs in the primed pluripotency state) on dishes coated with the extracellular matrix
protein have primed-state pluripotency?, in 2013 Jacob Hanna’s lab showed that the primed
pluripotency cells can be converted into a naive pluripotency state by exposing to the naive
human stem cell medium (NHSM) containing chemical inhibitors to protein kinases ERK1/2,
GSK3, JNK, ROCK, PKC, and p38 MAPK as well as growth factors LIF, TGF, bFGF°. From the naive-
pluripotency human PSCs, in 2015 a research group led by Hanna and Azim Surani
accomplished the first robust production of human PGC-Like Cells (hPGCLCs) from PSCs®. Later,
several other laboratories, including ours, reported generation of hPGCLCs from PSCs using
slightly different protocols’-°. Our study provided evidence that hPGCLCs generated using
different protocols (which are summarized in Table S1 of our previously published study?°) are
transcriptomally similar to each other!?. Available evidence supports the resemblance of human
PGCLCs to early-stage human embryonic PGCs prior to the global epigenetic erasure’ and/or
chemotactic migration?°.

Studies of mouse embryonic PGCs, mouse PGCLCs, and human PGCLCs (but with only very
limited access to human PGCs) have revealed that molecular mechanisms of PGC specification
differ significantly between mouse and human®®?'’. For example, Prdm14 plays critical roles in
PGC specification in mouse embryos, but its role in human PGC specification seems limited 2.
In contrast, induction of SOX17 by EOMESODERMIN is essential for PGC specification®1%14,
whereas these transcription factors seem dispensable for mouse PGC specification °. These
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initial achievements of studies using hPGCLCs strongly support the importance of this cell
culture model as a surrogate of human embryonic PGCs.

Recently published studies, involving our lab’s deep sequencing evaluation of genomic DNA
copy number analysis, have shown that prolonged maintenance of PSCs in the naive
pluripotency state significantly increases the risk of chromosomal instability and structural
anomalies. This phenomenon was observed with both mouse!® and human?® PSCs. The original
hPGCLC production protocol reported by Hanna/Surani was developed for human PSCs
maintained in the 4i naive pluripotency medium for at least 2 weeks®. To preserve the normal
diploid karyotype of human PSCs and PGCLCs, we developed a modified protocol in which
human PSCs are exposed to the 4i medium for only 72 hours'%, which is presented in this
article. Human iPSCs (hiPSCs) are maintained under the primed pluripotency state. Immediately
before EB formation, cells are incubated in the 4i naive reprogramming medium (a modified
NHSM medium) for 48 hours. Cells are then dissociated and packed into microwells to form EBs
for an additional 24 hours in the 4i medium. EBs are maintained in hPGCLC induction medium
containing a high concentration of recombinant human BMP4 under a rocking condition for no-
attachment culture for up to 8 days to obtain the maximum yield of hPGCLCs. After 8-day EB
culture, hPGCLCs can be isolated from dissociated EB cells by FACS as CD38+ cells with up to
~40% vyield in FACS-sortable single cell suspension. Whereas other published methods’?,
including the original protocol before our modifications®, typically generate hPGCLCs in
spontaneously formed cell aggregates without specific localization, hPGCLC produced by our
protocol are observed at the surface of embryoid bodies (EBs).

PROTOCOL:
1. Cell Culture of hiPSCs in the Primed Pluripotency State
1.1. Preparation of extracellular matrix protein-coated dishes

1.1.1. Thaw Matrigel (extracellular matrix protein) on ice in a refrigerator or a cold room
overnight (do not thaw at room temperature or using a warm water bath). Aliquot matrix protein
(~200 pL; the volume of an aliquot is determined by manufacturer for each batch and indicated
on the label of vial) into sterile low-bind centrifuge tubes or cell cryopreservation tubes on ice. It
isimportant to keep extracellular matrix protein ice-cold during dispensing to avoid solidification.
Store the aliquots at -80 °C.

1.1.2. To coat cell culture plastic dishes with extracellular matrix protein, dilute one aliquot with
25 mL ice-cold DMEM/F12 and spread to three 10-cm dishes (~8 mL/dish). Incubate dishes at
room temperature for at least 1 hour. After coating, dishes can be sealed using Parafilm and
stored at room temperature for up to one week.

1.1.3. Aspirate medium from dishes immediately before inoculation of primed pluripotency
hiPSCs. It is not necessary to wash the coated dishes with medium or calcium/magnesium-free
phosphate-buffered saline [PBS(-)].
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1.2. Initiation of hiPSC culture in the primed pluripotency state

1.2.1. Add 2 pL of 50 mM Y27632 [inhibitor of Rho-associated protein kinase (ROCK)] to 10 mL of
mTeSR1 medium in a 15-mL centrifuge tube. Prepare two tubes of ROCK inhibitor-supplemented
10 mL medium to initiate cell culture in one 10-cm dish from 1 mL frozen cell stock. Use Y27632-
supplemented medium on the same day. Prewarm Y27632-supplemented medium in a 37 °C
water bath for 5 min.

Note: This protocol works well with hiPSCs maintained in mTeSR1. When hiPSCs are maintained
in other media supporting human PSC growth with varying degrees of primed or naive
pluripotency, yield of hPGCLCs may significantly vary.

Note: The shelf life of complete mTeSR1 is 2 weeks at 4 °C and 6 months at -20 °C, but re-freezing
causes poor performance. We freeze 40 mL aliquots of mTeSR1 at -20 °C until use.

1.2.2. Thaw a vial of primed pluripotency hiPSC frozen stock (1.0 - 3.0 x 10° cells in 1 mL
cryopreservation medium) using a 37 °C water bath. Immediately after completion of thawing,
transfer the entire content of a vial into one tube (10 mL) of prewarmed Y27632-supplemented
medium.

1.2.3. Centrifuge cell suspension at room temperature, 300 x g for 8 min. Discard supernatant
and resuspend cell pellet with 10 mL prewarmed Y27632-supplemented from the other tube.

1.2.4. Evenly spread cell suspension into an extracellular matrix protein-coated 10-cm dish. Place
the dish in a tri-gas CO; incubator (37 °C, 6.5% 0O,, 5% CO3). Maintain hiPSC culture under a low
oxygen pressure.

1.2.5. Change medium (mTeSR1 without Y27632) every day. The ROCK inhibitor (Y27632) is
critical for hiPSC survival immediately after dissociation to single cells. Once hiPSCs adhere on the
extracellular matrix protein-coated surface as evenly distributed small aggregates with >10%
confluency (which is typically completed within 16 hours after inoculation), Y27632 is
dispensable. Too early medium change after inoculation of dissociated hiPSCs without Y27632
may cause almost complete cell death.

1.3. Passaging primed pluripotency hiPSCs

Note: Passage primed pluripotency hiPSCs when colonies occupy ~80% of the effective growth
area. Correct passaging procedures and densities is important for experimental reproducibility.
We have seen that efficiency of hPGCLC induction is not significantly different between hiPSC
cultures 6 days after initiation from a frozen stock (involving one or two passages) or one month
(involving >10 passages). Induction of hPGCLC was successfully performed from hiPSCs
maintained for over two months, although the efficiency was not quantitatively assessed.
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1.3.1. Take 4 mL of cell dissociation enzyme mixture in a 15-mL centrifuge tube and equilibrate
to room temperature for 5 min.

1.3.2. Prewarm 10 mL PBS(-) in a 15-mL centrifuge tube for >5 min at 37 °C in a water bath.

1.3.3. Add 2 pL of 50 mM Y27632 (ROCK inhibitor) to 10 mL mTeSR1 medium in a 15-mL
centrifuge tube. Prepare two tubes of the ROCK inhibitor-supplemented 10 mL medium and use
in the same day. In another 15-mL centrifuge tube, take 5 mL mTeSR1 without adding Y27632.
Prewarm medium +/- Y27632 in a 37 °C water bath for 5 min.

Note: All medium aliquots prepared in step 1.3.3 may contain Y27632.

1.3.4. Aspirate old medium from a 10-cm dish and rinse cells once with prewarmed 10 mL PBS(-
). Discard PBS(-) and add 4 mL of dissociation enzyme to the dish. Place the dish in a CO2 incubator
(tri-gas incubator works but not necessary) for ~4 min until cells detach from the bottom. Gently
pipet cells up and down to make single-cell suspension.

1.3.5. Transfer hiPSC single-cell suspension to the prewarmed tube containing 5 mL medium
without Y27632 (total volume in a 15-mL tube is about 9 mL). Centrifuge cell suspension at room

temperature, 300 x g for 8 min.

1.3.6. Discard supernatant and resuspend cell pellet with 10 mL of the prewarmed medium
medium containing Y27632.

1.3.7. Remove cell aggregates using a 40-um cell strainer and determine cell density using a
Coulter counter.

1.3.8. Dilute cell suspension with prewarmed Y27632-supplemented medium to achieve 3.0 x 10°
cells in 10 mL to inoculate an extracellular matrix protein-coated 10-cm dish. Place the inoculated
dish in a tri-gas CO; incubator (37 °C, 6.5% O3, 5% CO,).

1.3.9. Change medium (mTeSR1 without Y27632) every day.

2. Generation of hPGCLCs

Note: Initiate the following steps when hiPSC cells in a 10 cm dish (mTeSR1 medium, extracellular
matrix protein-coated) reaches to ~80% confluency (approximately 107 cells).

2.1. Preparation of extracellular matrix protein-coated dishes (Day 1)

2.1.1. Thaw one aliquot of extracellular matrix protein on ice and dilute in 25 mL of ice-cold
DMEM/F12.
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2.1.2. Dispense diluted extracellular matrix protein to 6-well plates (1 mL/well). One aliquot is
sufficient to coat 24 wells (4 plates). Incubate plates at room temperature for at least 1 hour.
Unused coated plates can be sealed and stored at room temperature for up to one week.

2.1.3. Aspirate medium from plates immediately before inoculation of primed pluripotency
hiPSCs. It is not necessary to wash the coated dishes with medium or PBS(-).

2.2. Inoculation of primed pluripotency hiPSCs into extracellular matrix protein-coated plates
(Day 1)

2.2.1. Take 4 mL of cell dissociation enzyme in a 15-mL centrifuge tube and equilibrate to room
temperature for 5 min.

2.2.2. Prewarm 10 mL PBS(-) in a 15-mL centrifuge tube for >5 min at 37 °C in a water bath.

2.2.3. Add 7 pL of 50 mM Y27632 (ROCK inhibitor) to 35 mL mTeSR1 medium in a 50-mL
centrifuge tube. Use Y27632-supplemented medium in the same day. Make two tubes for total
70 mL Y27632-supplemented medium and prewarm the medium in a 37 °C water bath for 15
min.

2.2.4. Aspirate old medium from a 10-cm dish and rinse cells once with prewarmed 10 mL PBS(-
). Discard PBS(-) and add 4 mL of cell dissociation enzyme to the dish. Place the dish in a CO;
incubator (tri-gas incubator works but not necessary) for ~4 min until cells detach from the
bottom. Gently pipet cells up and down to make single-cell suspension.

2.2.5. Transfer hiPSC single-cell suspension to the prewarmed tube containing 10 mL Y27632-
supplemented medium. Centrifuge cell suspension at room temperature, 300 x g for 8 min.

2.2.6. Discard supernatant and resuspend cell pellet with 10 mL prewarmed Y27632-
supplemented medium.

2.2.7. Filter cell suspension through a cell strainer (40 um pore size) to remove cell aggregates
and count cells using a Coulter counter.

2.2.8. Dilute hiPSC single cell suspension to 5.0 x 10° cells in 50 mL prewarmed Y27632-
supplemented medium.

2.2.9. Inoculate 2 mL cell suspension (2.0 x 10° cells) in each well of the coated 6-well plates (4
plates, 24 wells). Make sure that cells are evenly distributed in each well. Place cell culture plates
in a tri-gas CO; incubator (37 °C, 6.5% O3, 5% CO>).

Note: The inoculum cell density and even distribution in each well is critical. Because inoculation
of hiPSCs into 10-cm dishes may cause significantly higher cell density than other areas. Even cell
density of single-cell hiPSCs can be achieved more easily with 6-well plates.
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2.2.10. Change medium with 2 mL/well mTeSR1 (without Y27632) at 24 hours after inoculation.

2.3. Conversion of the primed pluripotency state hiPSCs to the 4i-naive (ERK-independent)
pluripotent cells (Day 3 and Day 4)

2.3.1. Prepare 4i complete naive pluripotency medium in a 50-mL centrifuge tube as follows (Day
3 and Day 4): 50 mL of 4i basal medium, 5 pL of 30 mM CHIR99021, 5 uL of 10 mM PD0325901,
5 uL of 20 mM BIRB796, 5 pL of 50 mM SP600125, and 5 pL of 50 mM Y27632.

Note: Store 4i basal medium at -80 °C and thaw in a refrigerator overnight. Prepare fresh 4i
complete medium immediately before use. Avoid exposure of the 4i chemicals (CHIR, PD, BIRB,
and SP) to strong light. Do not store 4i complete medium at 4 °C or frozen overnight or longer.

2.3.2. Warm 50 mL 4i complete medium in a 37 °C water batch for 15 min. Change medium with
prewarmed 4i complete medium (2 mL/well) at 48 and 72 hours after inoculation. Exact timing

of medium change is important to achieve high hPGCLC yield and experimental reproducibility.

Note: Density of the 4i hiPSC culture is high under this condition and become confluent at 48-72
hours after inoculation, but this is normal.

2.4. EB formation using microwell plates (Day 5)

2.4.1. Prepare 50 mL of 4i complete medium in a 50-mL centrifuge tube and prewarm it in a 37
°C water bath for ~15 min before use.

2.4.2. Prewarm 35 mL DMEM/F12 in a 50-mL centrifuge tube in a 37 °C water bath for ~15 min
before use.

2.4.3. Prepare a microwell plate

2.4.3.1. Add 5% (w/v) filter-sterilized Pluronic F-127 detergent into 8 active wells of a microwell
plate (see Table of Materials; 0.5 mL/well).

2.4.3.2. Centrifuge the microwell plate at room temperature, 1000 x g, for 5 min. Inspect
microwells with an inverted microscope to ensure the absence of air bubbles. Leave the
microwell plate for 30 min at room temperature to coat microwells with detergent.

2.4.3.3. Discard detergent solution from wells of the microwell plate by pipetting and rinse wells
with prewarmed DMEM/F12 (2 mL/well).

2.4.3.4. Centrifuge the microwell plate at room temperature, 1000 x g for 5 min. Inspect
microwells with an inverted microscope to ensure the absence of air bubbles.
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Note: When air bubbles are still observed in microwells, examine if the microwell sheet is still
firmly glued to the bottom of the well.

2.4.3.5. Discard DMEM/F12 from wells of the microwell plate by pipetting and rinse wells with
prewarmed DMEM/F12 (2 mL/well).

2.4.3.6. Repeat steps 2.4.3.3-2.4.3.4,

2.4.3.7. Add 4i complete medium into the rinsed wells of the microwell plate (1 mL/well). Keep
the remaining 4i complete medium in a 37 °C water bath.

2.4.3.8. Centrifuge the microwell plate at room temperature, 1000 x g for 5 min. Inspect
microwells with an inverted microscope to ensure the absence of air bubbles.

2.4.3.9. Place the microwell plate in a tri-gas incubator (37 °C, 6.5% O3, 5% CO;) until inoculation
of 4i hiPSCs.

2.4.4. Inoculation of 4i iPSCs into a microwell plate

2.4.4.1. Take 13 mL of cell dissociation enzyme in a 15-mL centrifuge tube and equilibrate to
room temperature for 5 min.

2.4.4.2. Prewarm 50 mL PBS(-) in a 50-mL centrifuge tube for >5 min at 37 °C in a water bath.

2.4.4.3. Aspirate old medium from 24 wells of naive hiPSC cell culture and rinse cells once with
prewarmed 2 mL/well PBS(-). Discard PBS(-) and add 0.5 mL/well dissociation enzyme. Place cell
culture plates in a CO; incubator (37 °C) for ~4 min until cells detach from the bottom. Gently
pipet cells up and down to make single-cell suspension.

2.4.4.4. Transfer hiPSC single-cell suspension to prewarmed 20 mL 4i complete medium.
Centrifuge cell suspension at room temperature, 300 x g for 8 min.

2.4.4.5. Discard supernatant and resuspend cell pellet with 5 mL prewarmed 4i complete
medium.

2.4.4.6. Filter cell suspension through a cell strainer (40 um pore size) to remove cell aggregates.
Wash cell strainer 3 times with 1 mL prewarmed 4i complete medium. Count cells using a Coulter
counter.

2.4.4.7. Dilute single cell suspension of 4i naive hiPSCs to 27.0-32.4 x 10° cells in 9 mL prewarmed
4i complete medium. Note that 4i complete medium already contains Y27632.

2.4.4.8. Take the microwell plate containing 1 mL of 4i complete medium in 8 well from a tri-gas
incubator (2.4.3.9). Inoculate 1 mL 4i naive hiPSC suspension (3.0-3.6 x 10° cells/well) into each
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well. This cell density is critical. Make sure that cells are evenly distributed in each well by gently
pipetting.

2.4.4.9. Centrifuge the microwell plate at room temperature, 100 x g for 3 min.

2.4.4.10. Place the microwell plate in a tri-gas CO; incubator (37 °C, 6.5% O, 5% CO2). Do not
disturb cells pelleted in microwells. Incubate cells for 24-30 hours. An overnight incubation (~16
hours) is typically insufficient for formation of tight EBs.

2.5. Transfer of EBs to low attachment plates for rocking culture (Day 6)

2.5.1. Prepare hPGCLC complete medium in a 50 mL centrifuge tube as follows (Day 6 - Day 13):
20 mL hPGCLC basal medium, 4 pL of 500 mM 2-Mercaptoethanol, 50 pL of 20 mg/mL L-Ascorbic
acid, 4 pL of 50 mM Y27632, 50 pL of 100 pug/mL recombinant human BMP4, 4 uL of 500 pg/mL
human SCF, 4 uL of 250 pg/mL human EGF, and 8 pL of 250 pug/mL human LIF.

Note: Prepare fresh hPGCLC complete medium immediately before use and avoid exposure to
light. Do not store hPGCLC complete medium at 4 °C or frozen overnight or longer.

Note: The concentration of BMP4 is very high. The optimal BMP4 concentration may differ
between batches of BMP4. The lot-to-lot difference of BMP4 strongly affect hPGCLC production.
In the absence of BMP4 in the complete hPGCLC medium, yield of hPGCLCs is very low®. The
importance of other cytokine in the complete hPGCLC medium was described by Hanna/Surani®.

Note: In this protocol, the final concentration of human LIF in the complete hPGCLC medium is
100 ng/mL®19, The final LIF concentration used in previously published studies, including ours,
was 1 pug/mL. When the specific activity of human LIF reagent is >10,000 units/ug (EDso < 0.1
ng/mL), 100 ng/mL LIF is sufficient to support the hPGCLC generation from EBs.

2.5.2. Transferring EBs

2.5.2.1. Prewarm 5 mL hPGCLC basal medium and 20 mL hPGCLC complete medium for >5 min
at 37 °Cin a water bath.

2.5.2.2. Carefully place a cell strainer upside down atop a 50 mL polypropylene conical tube.

2.5.2.3. Pipet each well of the microwell plate very gently plate to detach EBs from microwells.
Filter all contents of each well through the cell strainer to remove cells not incorporated in EBs.

2.5.2.4. Wash EBs retained on the cell strainer with 1 mL of prewarmed hPGCLC basal medium.
Gently repeat wash 5 times.

2.5.2.5. Washed EBs are now retained on the membrane of a strainer, which is on a 50-mL conical
tube upside-down. Place a fresh 50-mL conical tube on the cell strainer so that the cell strainer is
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normally positioned in the new tube. Then quickly invert the cell strainer with the new tube. The
cell strainer and the tube are now in the normal positions, and EBs are below the membrane of
the cell strainer.

2.5.2.6. Collect EBs in the conical tube by adding 18 mL prewarmed hPGCLC complete medium
from above the membrane of cell strainer. Thus, medium will go through the membrane and
collect EBs attached on the lower side of the membrane down to the bottom of the centrifuge
tube.

2.5.2.7. Plate suspension of EBs into wells of a low-attachment 6-well plate (3 mL/well).

2.5.2.8. Place the low-attachment plate on a seesaw-move rocker in a tri-gas incubator (37 °C,
6.5% O3, 5% CO;). Set the rocking speed at ~20 turns per min.

Note: Do not apply swirling movement because EBs aggregate at the center of wells and fuse.
Carefully adjust rocking speed so that EBs do not aggregate. Too vigorous rocking will physically
damage EBs.

Note: Low oxygen pressure is strongly recommended for EB culture.
2.6. Generation of hPGCLCs on the surface of EBs (Day 7 - Day 13)

2.7. Freshly prepare 20 mL hPGCLC complete medium each day. Without rocking, EBs will sink
down on the bottom of wells in ~1 min. Remove old medium without drying EBs (~0.2 mL/well
old medium may remain) and add fresh hPGCLC complete medium every day (3 mL/well).

3. Immunohistochemical staining of EBs (Day 10 — Day 13)

3.1. Embedding EBs in extracellular matrix protein blocks for formaldehyde-fixed, paraffin-
embedded (FFPE) immunostaining

3.1.1. To identify hPGCLCs as OCT4" cells, harvest EBs in a 1.5 mL low-bind microcentrifuge tube.
Let EBs sink to the bottom or briefly centrifuge (2 seconds) at room temperature and discard
medium. Rinse EBs with ice-cold PBS(-).

3.1.2. Remove PBS(-) and incubate EBs in 1 mL of ice-cold 1%(w/v) sodium azide in PBS(-) for 5
min on ice. Let EBs sink to the bottom or briefly centrifuge (2 seconds) at room temperature.
Discard supernatant, and rinse EBs with ice-cold PBS(-).

Note: Addition of sodium azide slows down degradation of intracellular proteins and RNA
transcripts.

3.1.3. Thaw 200 pL of extracellular matrix protein on ice and add to the microcentrifuge tube
containing EBs. Leave the tube at room temperature for ~10 min until the gel is solidified.
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3.1.4. Add 1 mL of 4% formaldehyde in PBS(-) and incubate at room temperature for 15 min with
gentle rocking.

Note: Both EBs and extracellular matrix protein are fixed during this step. Without fixation, the
gel blocks may decompose during the process of dehydration. If pre-fixed EBs are embedded in
the gel block, EBs are fixed again with the gel block and can be over-fixed.

3.1.5. Discard formaldehyde, and rinse EBs once with ice-cold PBS(-). Add 1 mL of 70% ethanol.
Gel-embedded EBs can be stored in 70% ethanol at 4 °C for one week.

3.1.6. Process the gel-embedded EBs with a standard FFPE protocol. Prepare 5-um thickness FFPE
slides. Let slides dry overnight and store them at room temperature until immunostaining.

Note: Our routine FFPE protocol is as follows: 70% ethanol, two changes, 1 hour each; 80%
ethanol, one change, 1 hour; 95% ethanol, one change, 1 hour; 100% ethanol, three changes, 1.5
hour each; xylene, three changes, 1.5 hour each; paraffin wax (58-60 °C), two changes, 2 hours
each. The dehydrated tissues are embedded into paraffin blocks and cut at 3-10 um (typically 5

um).

3.1.7. For staining, completely dry slides in 56 °C oven for at least 30 min. Deparaffinize and
hydrate slides with xylenes and graded alcohol series. Then wash slides in tap water for 5 min.

3.1.8. To inactivate endogenous peroxidases, incubate rehydrated slides with BLOXALL Blocking
Solution at room temperature for 10 min. Then wash slides with PBS for 5 min.

3.1.9. Block slides with Normal Horse Serum (or normal sera of other species generated
secondary antibodies) at room temperature for 20 min.

3.1.10. Incubate slides with an anti-OCT-3/4 goat primary antibody diluted with 0.1% BSA in
PBS(-) at 4 °C overnight (optimize dilution and incubation conditions for each primary antibody).
Then wash slides with PBS(-) three times at room temperature, 5 min each.

3.1.11. Incubate slides with the Anti-Goat IgG (horseradish peroxidase-conjugated secondary
antibody generated by horse; see Table of Materials) at room temperature for 30 min. Then
wash slides with PBS(-) three times at room temperature, 5 min each.

3.1.12. Mix necessary amounts the DAB staining substrates (see Table of Materials) immediately
before use and incubate slides in complete DAB staining solution at room temperature for 5 min.
Monitor DAB staining using an inverted microscope and stop the reaction when OCT4* cells are
visualized by quickly rinsing slides in flowing tap water.
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3.1.13. Dehydrate the slides with graded alcohol and xylenes series. The slides are ready for laser-
capture microdissection. Prepare permanent FFPE slides using mounting medium (see Table of
Materials) for high-resolution microscopic observations.

4. FACS enrichment of hPGCLCs from EBs (Day 10 — Day 13)

4.1. Preparing enzyme mix of Embryoid Body Dissociation Kit

4.1.1. Prepare Enzyme Mix 1 by adding 50 pL Enzyme P to 1900 uL of Buffer X and vortex.
Prewarm Enzyme Mix 1 in a 37 °C water bath for 15 min.

4.1.2. Prepare Enzyme Mix 2 by adding 10 pL Enzyme A to 20 plL Buffer Y.

4.1.3. Mix Enzyme Mixes 1 and 2 to prepare Complete EB Dissociation Enzyme Mix.

4.2. Dissociating EBs

4.2.1. Harvest EBs from low attachment plates and centrifuge at room temperature in a 15-mL
centrifuge tube, 300 x g for 2 min. Discard supernatant and resuspend EBs with 10 mL PBS(-).
Centrifuge again.

4.2.2. Discard supernatant and resuspend EBs with Complete EB Dissociation Enzyme Mix (4.1.3).
Incubate EB suspension in a 37 °C water bath for 15 - 20 min until EBs are dissociated. During
incubation, gently pipet EBs at every 3 - 5 min to facilitate dissociation. Alternatively, use an

automated dissociator with Embryoid Body Dissociation Program.

4.2.3. Add ice-cold 8 mL PBS(-) to dissociated EB cell suspension. Filter the cell suspension
through a 40-um cell strainer. Wash cell strainer with 1 mL ice-cold PBS(-) three times.

4.2.4. Count cells in filtered cell suspension using a Coulter counter.

4.2.5. Centrifuge cell suspension at at 4 °C, 300 x g for 8 min and discard supernatant. Resuspend
cell pellet with ice-cold 10 mL PBS(-).

4.2.6. Divide cell suspension into two tubes, one for no-staining control (~10° cells) and the other
for anti-CD38 staining (all remaining cells).

4.2.7. Centrifuge the two tubes at 4 °C, 300 x g for 8 min.
4.3. Anti-CD38 staining and FACS enrichment of hPGCLCs

4.3.1. Resuspend cell pellet for no-staining control with 200 pL ice-cold 3% (w/v) BSA and 1%
(w/v) sodium azide in PBS(-). Place on ice until flow cytometry.
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Note: Addition of sodium azide slows down internalization of CD38 from cell surface.

4.3.2. Resuspend cell pellet for anti-CD38 staining with ice-cold 3% (w/v) BSA and 1% (w/v)
sodium azide in PBS(-) to 1 x 10° cells per 100 pL.

4.3.3. Add 10 pL per 1 x 10° cells of a FACS-grade, APC-conjugated anti-CD38 antibody. Cover the
tube with aluminum foil to avoid exposure to light. Incubate at 4 °C for 45 min with gentle
rocking.

4.3.4. Add 5 mL ice-cold PBS(-) and centrifuge at 4 °C, 300 x g for 8 min. Discard supernatant and
resuspend cell pellet with 5 mL ice-cold PBS(-). Repeat wash with PBS(-) three times in total.

4.3.5. Resuspend cell pellet with 500 pL ice-cold 3% (w/v) BSA and 1% (w/v) sodium azide in PBS(-
) to a cell density adequate for FACS.

4.3.6. Enrich hPGCLCs as CD38* cells, which typically form clearly distinguished cell population.
Use the no-staining control to ensure identification of CD38* cells. Typical yield of hPGCLCs are
1-5% of all FACS-examined single cells from Day 10 EBs and 20-40% from Day 13 EBs.

REPRESENTATIVE RESULTS:

The microwell plate used here is in the 24-well format and has 8 wells holding the microwell
sheets, each of which supports formation of up to 1,200 EBs. From approximately 24 million of
4i naive pluripotency cells, this microwell plate typically generates ~8,000 EBs consisting of
~3,000 cells per EB. During non-adherent culture of EBs with constant rocking, the number of
intact EBs gradually decreases due to spontaneous self-dismantling, and ~3,000 EBs survive until
Day 13 of the protocol. Most of these surviving EBs have 50-200 hPGCLCs on their surface
(estimated by immunohistochemical detection of OCT4+ cells in serial sections of EBs; see Figure
8), yielding ~100,000 OCT4+ hPGCLCs in total. Enzymatic digestion of EBs into single cells is a
relatively inefficient process, reducing the yield of FACS-enriched CD38+ hPGCLCs to 9,000 —
47,000 cells. In our hands, an average of six independent but consecutive batches of experiments
was 14,038 + 5,731 (mean £ SEM). Because CD38-negative EB cells cells express OCT4 mRNA
(qPCR) or protein (Immunohistochemistry) only very weakly, if not completely absent, all EB cells
strongly expressing OCT4 protein are practically equivalent to the whole population of the CD38+
hPGCLCs.

The critical parameter of this protocol includes cell density. When 2.0 x 10> human iPSCs are
inoculated in an extracellular matrix protein-coated well of 6-well cell culture plate (9.60 cm?
growth area per well) with 2 mL Y27632-supplemented medium (2.2.9), cells will reach to about
20-30% confluency at 24 hours after inoculation (Figure 1). After an additional 24-hour culture in
the mTeSR1 medium in the absence of Y7632, cells aggregate and form colonies, occupying ~30%
of the growth area (Figure 2). Cells are then cultured in the 4i reprogramming medium (2.3.2).
After 24 hours of culture in the 4i medium, cells become confluent (Figure 3). An additional 24-
hour culture in the 4i medium makes cells densely packed (Figure 4). The exact timing of medium
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change (every 24 hours +/- 4 hours) and cell densities are critical for successful formation of EBs
and hPGCLCs.

After 48-hour culture in the 4i medium, cells are dissociated and inoculated to the microwell
plate, which has wells 400 um in size (2.4). Although this commercially available microwell plate
is coated for low-adhesion surface by the manufacturer, fresh re-coating with detergent (2.4.3)
is recommended to reduce the risk of unwanted cell adhesion. 800 um microwells resulted in
reduced vyield of hPGCLCs, suggesting the importance of EB size for properly directed
differentiation. Cells inoculated in the 4i medium will form EBs in microwells at 24-30 hours,
which can be observed using a standard, inverted phase contrast microscope (Figure 5). The
circular contour of EBs become clearly visible at and after 24 hours of incubation. Harvesting EBs
at an earlier time (e.g., 16 hours after inoculation) before their circular contour is clearly visible
is not recommended because such EBs are very vulnerable to mechanistic damages and easily
dismantle. Note that significant amounts of naive hiPSCs are NOT incorporated in EBs, which is
normal. These unincorporated cells will be washed away before initiation of rocking culture of
EBs on low-adherent surface (2.5.2). Also note that, in our protocol, EBs are formed in the 4i
naive pluripotency medium — not in the hPGCLC medium. Pre-formation of solid EBs in the 4i
medium before exposure to the hPGCLC medium is important for distribution of hPGCLCs on the
surface of EBs.

EBs maintained in the hPGCLC medium under a rocking, non-adherent culture condition will
maintain their spherical shape without aggregation or fusion (Figures 6 and 7). Too weak rocking
condition will cause EB aggregation and fusion, but too harsh condition will dismantle EBs.
Human PGCLCs emerge as OCT4-expressing cells on the surface of EBs after as early as the 5-day
culture in the hPGCLC medium, and their number increases until the 8-day culture (Figure 8).
Further incubation of EBs may cause dismantling of EBs and loss of hPGCLCs. Human PGCLCs can
be enriched from enzymatically dissociated EB cells after 5-8 days of culture in the hPGCLC
medium by FACS as CD38+ cells (Figure 9).

FIGURE LEGENDS:
Figure 1: Human iPSC cell culture in Y27632-supplemented medium 24 hours after inoculation.
Cell density is about 20-30% confluent. In the presence of ROCK inhibitor Y27632, cells tend to

spread well with long, spike-like elongation. Scale bar = 100 um.

Figure 2: Human iPSC cell culture 48 hours after inoculation. Cells aggregate to form colonies,
occupying ~30% of growth area. Scale bar = 100 um.

Figure 3: Human iPSC cell culture incubated in the 4i reprogramming medium for 24 hours. Cells
reach to confluency. Scale bar = 100 um.

Figure 4: Human iPSC cell culture incubated in the 4i reprogramming medium for 48 hours.
Confluent cells are densely packed. Scale bar = 100 um.
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Figure 5: Human iPSC EBs formed in microwells after 24-hour incubation in the 4i
reprogramming medium. The circular contour of EBs become visible at 24-30 hours after
inoculation. When the contour is confirmed under a phase contrast microscope, EBs are ready
for transfer to a rocking culture condition. Scale bar = 500 pum.

Figure 6: Human iPSC EBs incubated for 24 hours in the hPGCLC medium. EBs largely maintain
their spherical shape. Scale bar = 500 um.

Figure 7: Human iPSC EBs incubated for 192 hours in the hPGCLC medium. EBs are enlarged
compared to their appearance at 24-hour culture, but they still largely maintain spherical shapes
with no aggregation or fusion. Scale bar = 500 um.

Figure 8: Human PGCLCs expressing OCT4 are localized on the surface of hiPSC EBs incubated
for 192 hours in the hPGCLC medium. EBs were embedded in extracellular matrix protein and
processed for FFPE slide immunohistochemical staining of OCT4 (DAB substrate). Scale bar = 1
mm.

Figure 9: Human PGCLCs are enriched from enzymatically dissociated EB cells by FACS as CD38*
cells. After incubation in the hPGCLC medium for 5-8 days, EBs can be dissociated by enzymatic
digestion to prepare single cell suspension. hPGCLCs can be enriched as CD38* cells by FACS (red
dots). EB cells that do not express CD38 (blue dots) should also be collected as negative control.
FACS gates of CD38-positive and CD38-negative cells should be separated with a wide margin
(green dots) to avoid contamination of each type of cells. The upper and lower panels show FACS
profiles without or with anti-CD38 antibody staining, respectively.

DISCUSSION:

Robust production of hPGCLCs using the protocol described here was confirmed with three
independent clones of human iPSCs with the normal diploid karyotype!°. These iPSC clones were
derived from the same human neonatal dermal skin fibroblast cell culture'®. They will be provided
by authors of this article to investigators upon request and under appropriate materials transfer
agreement and shipping arrangement of frozen live human cells. It is presently unknown as to
whether normal karyotype is required for robust hPGCLC production using our protocol or those
reported by other laboratories.

Recent studies have shown that production of hPGCLCs from hiPSCs** or ESCs'* using a protocol
described by Saitou’s group of Kyoto University? is dependent on expression of EOMESODERMIN,
a T-box transcription factor required for induction of SOX17. SOX17 seems to function as the
master lineage determining transcription factor in germline differentiation of human pluripotent
stem cells®. EOMESODERMIN is encoded by the EOMES gene, and CRISPR/Cas9 knockout of
EOMES caused almost complete absence of SOX17 induction in the hPGCLC producing
condition!, and expression of other genes followed the same pattern of the SOX17-null knockout
cells. Overexpression of EOMESODERMIN from an inducible vector in the EOMES-null knockout
cells during hPGCLC induction culture efficiently rescued the robust hPGCLC production as well
as induction of germline genes, including SOX17. In contrast, induced overexpression SOX17 also
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rescued the robust PGCLC production but without inducing EOMES. Thus, EOMESODERMIN is a
critical upstream inducer of SOX17, and this seems the single most important role of
EOMESODERMIN in hPGCLC induction from human pluripotent stem cells. Our protocol induces
SOX17 in hiPSCs??, but its dependency on EOMESODERMINE induction awaits to be determined.

This protocol converts primed-pluripotency human iPSCs maintained in the mTeSR1 medium to
ERK-independent naive pluripotency for 96 hours in the 4i reprogramming medium®, which is a
modified naive human stem cell medium (NHSM)?>. Our attempts to generate hPGCLCs starting
with the same human iPSC clones but maintained in other commercially available human iPSC
growth media before culture in the 4i reprogramming medium resulted in varying degrees of
lower hPGCLC yields. Although whether longer-term adaptation in other media improves hPGCLC
production or not remains be determined in future studies, this observation suggests that the
exact state of the primed pluripotency of human iPSCs before the 4i reprogramming significantly
impacts EB formation in the 4i medium and EB differentiation in hPGCLC medium.

Production of hPGCLCs from hiPSCs following our protocol is robust and highly reproducible,
partly owing to the use of the microwell plates that enable efficient production of a large number
of EBs (~8000 EBs per batch) with a uniform size (3,000 hiPSCs per EB). The number of EBs readily
produced in a single batch of experiment using our protocol may be far greater than methods
using the regular U-bottom cell culture wells. Production of a large number of equally sized EBs
uniformly studded with hPGCLCs may provide unique opportunities of high-throughput chemical
screenings to identify small-molecular-weight activators or inhibitors affecting PGC specification
or their biological characteristics such as epigenetic reprogramming. Such EBs may also be useful
for toxicological assessments of large numbers of germline cell toxicants, including not only
environmental pollutants but also clinically prescribed medications such as chemotherapeutic
agents.

The critical factors of the robust and reproducible production of hPGCLCs using the presented
protocol include (i) the use of healthy hiPSCs maintained in mTeSR1 on extracellular matrix
protein, (ii) to inoculate exact number of cells as specified and strictly follow the timings of
medium change and subculture, (iii) to select a good lot of human recombinant BMP4, and (iv)
to minimize physical damages of EBs during the rocking culture. It is our experience that the best
lot of BMP4 reagent worked at 100 ng/mL concentration whereas other lot of BMP4 reagents
required 2X or greater doses. On the other hand, yield of hPGCLCs production using the best lot
of BMP4 rather decreased at higher doses of BMP4 (e.g., 200 ng/mL). We recommend to test
several different lots of recombinant human BMP4 reagents obtained from multiple vendors for
their performance in supporting hPGCLC generation and to secure a large amount of the best lot.

A unique feature of our hPGCLC protocol is that hPGCLCs are localized on the outermost surface
layer of EBs!® (Figure 8), whereas other protocols can generate hPGCLCs in the middle of cell
aggregates®®. Embryoid bodies tend to form multiple distinct layers such as surface, outer shell,
inner shell, and core, and the central core regions are often necrotic due to limited supply of
nutrients, oxygen, as well as pro-surviving growth factors provided form the culture medium by
diffusion?’. Localization of hPGCLCs on the surface of EBs without possible restrictions due to
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limited diffusion towards the center of EBs may be beneficial for direct, time- and dose-controlled
exposure of hPGCLCs to drugs or toxic substances for pharmacological or toxicological studies.

Whereas mouse PGCLCs show robust genome-wide DNA demethylation involving the imprinting
control regions at least partly”1%29, the degree of global gDNA demethylation in hPGCLCs seems
weaker than mouse PGCLCS or PGCs®’. Transcriptomal profiles suggest that hPGCLCs may
resemble an earlier stage of embryonic PGCs than mouse PGCLCs. It has been reported that
prolonged culture of EBs under the condition of hPGCLC production caused an increased degree
of gDNA demethylation’; however, whether an extended period of culture of hPGCLCs in EBs or
as isolated cells can achieve more advanced stages of germline differentiation needs to be
determined by future studies.
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Table of Materials

Primed pluripotency hiPSC culture
Name
Matrigel

DMEM/F-12

mTeSR1

Y27632

CryoStor CS10
Accutase

4i hiPSC culture
Name

KnockOut DMEM

KnockOut Serum Replacement

Penicillin-Streptomycin-Glutamine
(100x)

MEM Non-Essential Amino Acids
Solution (100x)

Insulin from bovine pancreas

human LIF

human FGF2

Company
Corning

Thermo Fisher Scientific

STEMCELL Technologies

Axon

STEMCELL Technologies

Innovative cell

Company

Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific

Thermo Fisher Scientific

Sigma-Aldrich

PeproTech

R&D Systems

Click here to download Table of Materials Mitsunaga_JoVE_Materials_071918.xlIsx

Catalog Number
354277

21041-025

85850

1683

07930
AT104-500

Catalog Number
A1286101

10828028
10378016

11140050

11882-100MG

300-05

4114-TC
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human TGF-f1

4j basal medium

CHIR99021

PD0325901
BIRB796

SP600125

AggreWell400

Pluronic F-127

hPGCLC culture
Name

Glasgow’s MEM

Sodium pyruvate (100 mM)

Penicillin-Streptomycin (100x)

PeproTech

Axon

Axon
Axon

Tocris

STEMCELL Technologies

Sigma-Aldrich

Company

Thermo Fisher Scientific

Thermo Fisher Scientific

Corning

100-21

1386

1408
1358

1496

27845

P2443

Catalog Number

11710035

11360070
30-002-Cl



hPGCLC basal medium

2-Mercaptoethanol
L-Ascorbic acid
Recombinant human BMP4
Human SCF

Human EGF

Cell strainer

50 ml polypropylene conical tube
Low attachment plate

Vari-Mix Platform Rocker

Immunohistochemical staining
Name

BLOXALL Blocking Solution
Normal Horse serum

ImMmPRESS Reagent Anti-Goat IgG
OCT-3/4 Antibody

ImmPACT DAB

Permount

Sigma-Aldrich
Sigma-Aldrich
R&D Systems
PeproTech

PeproTech

Corning
Corning
Corning
Thermofisher

Company
VECTOR
VECTOR

Santa Cruz
VECTOR
Thermofisher

M3148
A4544

314-BP
300-07

AF-100-15

352340
352070
3471
M79735Q

Catalog Number
SP-6000
MP-7405

SC-8629
SK-4105
SP15-100



Isolating hPGCLC

Name Company Catalog Number
Embryoid Body Dissociation Kit Miltenyi Biotec 130-096-348
Anti-CD38 antibody conjugated to APC  abcam ab134399



Comments
Aliquot Matrigel at the volume indicated by the manufacturer (about 200 pL). Use cold tubes. Store at -80 °C

Store at 4 °C.

Reconstitute by adding 5X Supplement to Basal Medium. The reconstituted medium can be stored at 4 °C for
up to

4 weeks without affecting cell culture performance.

Dilute 5 mg Y27632 (MW 320.26) with 312.2 uL water to prepare 50 mM Y27632 stock solution. Sterilize by
filtration (0.22 um). Aliquot 20 pL/tube x 15 tubes and store at -20 °C.

Store at 4 °C.

Cell dissociation enzyme; aliquot 40 mL/tube x 12 tubes and store at -20 °C.

Comments

Aliquot 40 mL/tube x 12 tubes and store at -20 °C.

Add 0.1 mL glacial acetic acid to 10 mL water. Sterilize by filtration (0.22 um). Dilute 100 mg insulin lyophilized
powder with cold 10 mL the acidified water to make 10 mg/mL stock solution. Aliquot 650 pL/tube x 15 tubes
and store at -80 °C.

Reconstitute 250 pug human LIF with 250 pL water. Add 750 pL of 0.1% bovine serum albumin in PBS(-) to make
250 pg/mL human LIF stock solution. Specific activity of this product is >10,000 units/ug. Aliquot 40 ul/tube x
25 tubes and store at -80 °C.

Reconstitute 1 mg human FGF2 with 5 mL PBS(-) to make 200 pg/mL human FGF2 stock solution. Aliquot 100
pL/tube x 50 tubes and store at -80 °C.



Reconstitite 50 pg with 50 pL of 10 mM Citric Acid (pH 3.0). Add 150 pL of 0.1% bovine serum albumin in PBS(-)
to make 250 pg/mL human TGF-B1 stock solution. Aliquot 4 pL/tube x 50 tubes and store at -80 °C.

Mix the following reagents to make 4i basal medium.
500 mL of KnockOut DMEM

100 mL of KnockOut Serum Replacement

6 mL of Penicillin-Streptomycin-Glutamine (100x)

6 mL of MEM Non-Essential Amino Acids Solution (100x)
650 pL of 10 mg/mL Insulin from bovine pancreas

40 pL of 250 pg/mL human LIF

20 pl of 200 pg/ml human FGF2

4 ul of 250 pg/ml human TGF-B1

Aliauots 40 ml/tube and store at -80 °C.
Reconstitute 25 mg CHIR99021 (MW 465.34) with 1791 uL DMSO to make 30 mM CHIR99021 stock solution.

Aliquot 50 pL/tube x 35 tubes and store at -20 °C.
Reconstitute 5 mg PD0325901 (MW 482.19) with 1037 uL DMSO to make 10 mM PD0325901 stock solution.

Aliauot 50 uL/tube x 20 tubes and store at -20 °C.
Reconstitute 10 mg BIRB796 (MW 527.66) with 948 uL DMSO to make 20 mM BIRB796 stock solution. Aliquot

50 ulL/tube x 18 tubes and store at -20 °C.
Reconstitute 10 mg SP600125 (MW220.23) with 908 pL DMSO to make 50 mM SP600125 stock solution.

Aliquot 50 pL/tube x 18 tubes and store at -20 °C.
Microwell plate

Reconstitute 5 g Pluronic F-127 in 100 mL water to make 5%(w/v) Pluronic F127 stock solution. Sterilize by
filtration (0.22 um). Aligout 50 mL/tube x 2 tubes and store at r.t.

Comments



Mix the following reagents to make hPGCLC basal medium.
500 mL of Glasgow’s MEM

75 mL of KnockOut Serum Replacement

6 mL of MEM Non-Essential Amino Acids Solution (100x)

6 mL of 100 mM Sodium pyruvate

6 mL of Penicillin-Streptomycin (x100)

Aliguots 40 mL/tube and store at -20 °C.
Dilute 350 pL 2-Mercaptoethanol (14.3 M) in 9.65 mL PBS(-) to make 500 mM 2-Mercaptoethanol stock

solution . Store at 4 °C.

Reconstitute 400 mg L-Ascorbic acid with 20 mL water to make 20 mg/mL L-Ascorbic acid stock solution.
Sterilize by filtration (0.22 um). Aliquot 500 pL/tube x 40 tubes and store at -20 °C.

Reconstitute 1 mg recombinant human BMP4 with 10 mL of 4mM HCl ag. to make 100 pg/mL recombinant
human BMP4 stock solution. Aliquot 250 pL/tube x 40 tubes and store at -80 °C.

Reconstitute 250 pg human SCF with 500 pL of 0.1% bovine serum albumin in PBS(-) to make 500 pg/mL
human SCF stock solution. Aliquot 35 pL/tube x 14 tubes and store at -80 °C.

Reconstitute 1 mg human EGF with 1 mL of 0.1% bovine serum albumin in PBS(-) to make 1 mg/mL human EGF
stock solution. Aligot 100 pL/tube x 10 tubes. Dilute 100 pL of 1 mg/ml human EGF stock solution with 300 pL
of 0.1% bovine serum albumin in PBS(-) to make 250 pg/mL humanEGF stock solution. Aliquot 20 uL/tube x 20

tubes. Store at -80 °C.
Pore size = 40 um.

Comments

Mounting medium
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ARTICLE AND VIDEO LICENSE AGREEMENT

Generation of Human Primordial Germ Cell-like Cells at the Surface of Embryoid Bodies from

Title of Article:

Author(s):

Primed-pluripotency Induced Pluripotent Stem Cells

Shino Mitsunaga, Keiko Shioda, Kurt. J. Isselbacher, Jacob H. Hanna and Toshi Shioda

Item 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via:

Item 2 (check one box):

Standard Access x Open Access

X The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

612542.6

2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JOVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JOVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JOVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have



jpve

full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expensesincurred by JoVE. If paymentis
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of

JOVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:

Department: Center for Cancer Research
Institution: Massachusesttes General Hospital
Article Title:
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Date:

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Fax the document to +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051



Rebuttal Letter

Click here to download Rebuttal Letter Responses to Editorial

Comments.docx

Editorial comments:

1. There are still many commercial terms in the manuscript (in particular mTeSR1, AggreWell, Matrigel, and
Accutase). To avoid the appearance of being an advertisement, these must be reduced to ideally less than 10
instances in total; also, none should be in the abstract, keywords, or protocol headings. | do understand that this
protocol relies on particular reagents and equipment-can you, say, introduce more generic terms the first time you
mention particular products?

>> We removed AggreWell from the keyword list. We also removed mTeSR1, Matrigel, Accutase, and AggreWell
from the long abstract.

A reviewer of the original manuscript requested us to state that mTeSR1 is “a ready-to-use, commercially available
medium formulated for maintenance of human PSCs in the primed pluripotency state.” In the R1 we included this
statement in the long abstract. In the R2, we moved it to the first mention to mTeSR1 in the introduction.

We introduced more generic terms at the first mention to Matrigel in the introduction — namely, “... dishes coated with
the Matrigel extracellular matrix protein.”

We introduced more generic terms at the first mention to Accutase (1.3.1) — namely, “Accutase cell dissociation
enzyme mixture.”

In the protocol text of the R2, we attempted to reduce mentions to the commercial names of the reagents to the
extent that the lack of commercial names does not introduce ambiguity.

2. The abstract, introduction, and discussion all mention the importance of the short incubation time in mTeSR1 and
4i, but you only have chosen to film the latter part of this procedure. There is still room to at least briefly show the
earlier steps.

>> The R2 manuscript added 2.2.9, 2.2.10, 2.3.2, 2.4.3.4, 2.4.3.8, and 2.4.4.6 for filming.

3. 2.5.2.6 is still a little unclear-how exactly are you adding hpGCLC medium at the end? Through the membrane?
>> We revised the last part of 2.5.2.6 as follows:
Collect EBs in the conical tube by adding 18 mL prewarmed hPGCLC complete medium from above the membrane

of cell strainer. Thus, medium will go through the membrane and collect EBs attached on the lower side of the
membrane down to the bottom of the centrifuge tube.

4. Figure 9 legend: What does ‘EB, non-hPGCLC cells’ mean? Also, it seems fairly clear, but could you indicate what
the colors means?

>> We revised Fig 9 legend as follows:

hPGCLCs can be enriched as CD38+ cells by FACS (red dots). EB cells that do not express CD38 (blue dots) should

also be collected as negative control. FACS gates of CD38-positive and CD38-negative cells should be separated
with a wide margin (green dots) to avoid contamination of each type of cells.

5. Discussion: Can you explain a bit further what you mean by a ‘rhBMP4 lot check’; possibly with references?

>> Because this is our previously undisclosed technical tip, there is no citable reference. We revised this part of the
discussion as follows:

We recommend to test several different lots of recombinant human BMP4 reagents obtained from multiple vendors
for their performance in supporting hPGCLC generation and secure a large amount of the best lot.

*
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