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Abstract
In the human blastocyst, as development progresses, cells of the epiblast (EPI) lineage will develop into
the embryo proper and amnion, whereas cells of the trophectoderm (TE) and primitive endoderm (PE) will
give rise to the placenta and yolk sac, respectively1. The study of early human development relies on the
use of blastocysts donated to research or cell culture systems such as pluripotent and trophoblast stem
cells. Altogether, these have been seminal in shedding light on many key differentiation processes.
However, simple culture systems lack the necessary complexity to adequately model the spatiotemporal/cellular and molecular dynamics occurring during the early phases of embryonic development.
Currently, an in vitro model of the human blastocyst is not available. Here, we describe a protocol for the
generation of an in vitro integrated model of the human blastocyst obtained by reprogramming
fibroblasts, termed iBlastoids.

Introduction
The pluripotent cells cultured in vitro can be differentiated into all the cell types of the body and, as such,
they have been pivotal for the development of human ‘mini organs’ or organoid models. Moreover, a
number of in vitro models have been developed using hESCs/hiPSCs to study early human development,
including micropatterned embryonic disc-like structures2, embryonic sac-like structures3, and human
gastruloids4. This technological and medical revolution has been of great importance for disease
modelling, drug screening, and our understanding of the molecular mechanisms of several diseases, and
embryo and organ development5,6. However, despite the importance for the entire future of the individual
on the complex spatio-temporal/cellular and molecular changes occurring during the early phases of
blastocyst development, an in vitro integrated model of the human blastocyst has not been reported.
While investigating the reprogramming process, we unexpectedly discovered that the reprogramming
intermediates, when aggregated, could give rise to blastocyst-like cellular structures, which we termed as
the induced blastoids (iBlastoids). Here, we describe a detailed step by step protocol for the generation of
iBlastoids by reprogramming of human fibroblasts.

Reagents
Dulbecco's Modified Eagle Medium (DMEM) (ThermoFisher, Cat#11960044)
Dulbecco's phosphate-buffered saline (DPBS) (ThermoFisher, Cat#14190144)
DMEM/F-12 GlutaMAX (ThermoFisher, Cat#10565018)
DMEM/F-12, no glutamine (ThermoFisher, Cat#21331020)
Medium 106 (ThermoFisher, Cat#M106500)
Neurobasal Medium (ThermoFisher, Cat#21103049)
Page 2/10

Advanced DMEM/F-12 (ThermoFisher, Cat#12634-010)
Low Serum Growth Supplement (LSGS) (ThermoFisher, Cat#S00310)
N-2 Supplement (ThermoFisher, Cat#17502048)
B-27 Supplement (ThermoFisher, Cat#17504044)
Fetal Bovine Serum (FBS) (ThermoFisher, Cat#10101-145)
Sodium Pyruvate (ThermoFisher, Cat#11360070)
GlutaMAX Supplement (ThermoFisher, Cat#35050061)
L-Glutamine (ThermoFisher, Cat#25030081)
MEM Non-Essential Amino Acids Solution (NEAA) (ThermoFisher, Cat#11140050)
2-Mercaptoethanol (ThermoFisher, Cat#21985023)
Penicillin-Streptomycin (Pen-Strep) (ThermoFisher, Cat#15140122)
Bovine Serum Albumin (BSA)(Sigma-Aldrich, Cat#A9576)
Insulin-Transferrin-Selenium-Ethanolamine (ITS -X) (ThermoFisher, Cat#51500056)
N-acetyl-L-cysteine (Sigma-Aldrich, Cat#A7250)
β-estradiol (Sigma, Cat#E8875)
Progesterone (Sigma, Cat#P0130)
Dimethyl Sulfoxide (DMSO) (Santa Cruz, Cat#sc-358801)
Trypsin/EDTA Solution (TE) (ThermoFisher, Cat#R001100)
Trypsin Neutralizer Solution (TN) (ThermoFisher, Cat#R002100)
TrypLE Express Enzyme (ThermoFisher, Cat#12604021)
L-Ascorbic acid (Sigma-Aldrich, Cat#A4544)
Recombinant Human Insulin (Sigma-Aldrich, Cat#91077C)
Y-27632 (Selleckchem, Cat# S1049)
CHIR99021 (Miltenyi Biotec, Cat#130-104-172)
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A83-01 (Sigma-Aldrich, Cat#SML0788)
SB431542 (Cat#S1067)
Valproic Acid (VPA) (Sigma-Aldrich, Cat#P4543)
Recombinant Human EGF (Peprotech, Cat#AF-100-15)
Human BMP-4 (Miltenyi Biotec, Cat#130-111-167)
CytoTune 2.0 Sendai Reprogramming Kit (Invitrogen, Cat#A16517)
Anti-Adherence Rinsing Solution (Stem cell technologies, Cat#7010)

Equipment
Biological safety cabinet
Incubator at 37ºC, with 5% O2 and 5% CO2
Benchtop Centrifuge
Cell counter
Dissection microscope
Water bath set at 37°C
Electric Pipetman, Pipet filler, plastic serological pipettes, pipette tips and pasteur pipettes
15 ml polystyrene conical tubes (Corning, Cat#430052)
50 ml polypropylene conical tubes (Corning, Cat#430290)
12-well tissue-culture treated plate (Corning, Cat#3513)
Cell Imaging Plate, 24-well (Eppendorf, Cat# 0030741021)
T75 flask (Corning, Cat#430725U)
1.8 ml cryovials (Nunc, Cat#377267)
Mr. Frosty (Thermo Fisher, Cat#51000001)
Falcon 60 mm TC-treated Cell Culture Dish (Corning, Cat# 353002)
Falcon 40 µm Cell Strainer (Corning, Cat# 352340)
Page 4/10

0.22 micron pore size sterile filters (Corning Cat#431097)
AggreWell 400 24-well (Stem cell technologies, Cat#34415)

Procedure
Fibroblast medium

DMEM (ThermoFisher), 10% Fetal Bovine Serum (FBS, ThermoFisher), 1% Nonessential amino acids
(ThermoFisher), 1mM GlutaMAX (ThermoFisher), 1% Penicillin-streptomycin (ThermoFisher), 55μM 2mercaptoethanol (ThermoFisher) and 1mM sodium pyruvate (ThermoFisher).

Medium 106
Add 10ml of LSGS (ThermoFisher) to 500ml medium 106 basal (ThermoFisher); supplement with 1%
Pen-strep (ThermoFisher).

In vitro culture 1 (IVC1) medium7,8
Advanced DMEM/F-12 (ThermoFisher), 1% ITS-X supplement (ThermoFisher), 2mM L-Glutamine
(ThermoFisher), 0.5% Penicillin-streptomycin (ThermoFisher), 20% Fetal Bovine Serum (FBS,
ThermoFisher), 25 μM N-acetyl-L-cysteine (Sigma), 8 nM β-estradiol (Sigma) and 200 ng/ml progesterone
(Sigma).

Human iBlastoid medium
2:1:1 mixture of IVC1 medium, iBlastoid basal medium 1 [50:50 mixture of DMEM/F-12 (ThermoFisher)
and Neurobasal medium (ThermoFisher), supplemented with 2mM L-Glutamine (ThermoFisher), 0.1mM
2-mercaptoethanol (ThermoFisher), 0.5% N2 supplement (ThermoFisher), 1% B27 supplement
(ThermoFisher), 1% Penicillin-streptomycin (ThermoFisher)] and iBlastoid basal medium 2 [DMEM/F-12,
GlutaMAX (ThermoFisher) supplemented with 0.3% BSA (Sigma), 0.2% FBS (ThermoFisher), 1% ITS-X
supplement (ThermoFisher), 0.1mM 2-mercaptoethanol (ThermoFisher), 0.5% Penicillin-streptomycin
(ThermoFisher), 1.5 μg/ml L-ascorbic acid (Sigma)] supplemented with 2 μM CHIR99021 (Miltenyi
Biotec), 0.5 μM A83-01 (Sigma), 1 μM SB431542 (Selleckchem), 0.8 mM Valproic acid (VPA, Sigma), 50
ng/ml EGF (Peprotech) and 10ng/ml BMP4 (Miltenyi Biotec).
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All culture media were filtered with a 0.22μm filter (Corning) before use.

Preparing human dermal fibroblasts for reprogramming
1. Primary human adult dermal fibroblasts (HDFa) from different donors can be obtained from Gibco
(Catalogue number, C-013-5C) (lot#1029000 for 38F, lot#1528526 for 55F and lot#1569390 for 32F were
used in this study).
2. For recovery of the commercially purchased cryopreserved stock vials, cells are to be thawed quickly at
37ºC and then pelleted at 200xg for 5 minutes.
3. Resuspend the cell pellet in 10 ml of 106 medium (Gibco) supplemented with LSGS (Gibco) and plated
into a T75 flask (one cryovial to one T75).
4. Culture the cells in a 37ºC, 5% O2 and 5% CO2 incubator for expansion. Media are changed every other
day and cultures split at a 1:3-1:5 ratio using Trypsin/EDTA Solution (TE) (ThermoFisher) upon
confluency.
5. For cryo-preservation, freeze cells in 90% FBS (Gibco) with 10% DMSO (Santa cruz); we suggest
generating a large number of early passage stock for future experiments.

Human iBlastoids generation
1. For somatic cell reprogramming with the Cytotune 2.0 kit, experiments were performed according to the
manufacturer’s instructions (Invitrogen).
2. To prepare the primary HDFa for reprogramming, seed the cells at a density of ~5-10x104 cells per well
of a 12-well plate in fibroblast medium.
3. After 36 hours, transduce the attached primary HDFa with Sendai viruses in fibroblast medium at the
multiplicity of infection (MOI) as follows, KOS MOI=5, c-MYC MOI=5, KLF4 MOI=6 in 500 μl of fibroblast
medium per well. The cells are cultured in a 37ºC, 5% O2 and 5% CO2 incubator. The day of Sendai virus
transduction is counted as day 0.
4. After 24 hours of transduction (day 1), perform a media replacement with 1 ml/well of fresh and
warmed fibroblast medium to remove the viruses.
5. Perform a media replacement every other day from day 1 of transduction. Starting from day 8 onwards
when the reprogramming cells are becoming highly proliferative, daily media replacement with 2 ml/well
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of fibroblast medium is required.
6. On day 21 of reprogramming, the cells would be ready for the generation of iBlastoids.
7. Before dissociating the reprogrammed cells, prepare the AggreWell 400 24-well plate (Stem cell
technologies) according to the manufacturer’s instructions. Briefly, add 500 μL of Anti-Adherence Rinsing
Solution (Stem cell technologies) into each well of the AggreWell 400 24-well plate to be used and
centrifuge the plate at 1300xg for 5 minutes. Ensure that no air bubbles are present after centrifugation
and subsequently aspirate the rinsing solution from the wells. Perform an additional rinsing step with
warmed basal medium, then add 1mL of Human iBlastoid medium supplemented with Y-27632 into each
well. Place the plate in the incubator to be used later.
8. For the dissociation of day 21 reprogrammed cells,
a. First aspirate the spent medium and perform a washing step with DPBS.
b. Aspirate the DPBS and add 500 μl of TrypLE Express Enzyme into each well.
c. Place the plate back into the incubator for 5 minutes.
d. After 5 minutes, gently pipette the contents in each well to ensure that they have been well dissociated.
e. Add 500 μL of fibroblast medium to stop the enzymatic reaction.
f. Collect the cellular contents into a conical tube and centrifuge at 500xg for 3 minutes. If undissociated
cellular patches are visible, we recommend filtering the cell suspension using a cell strainer size 40 μm
(Corning) before centrifugation.
g. Aspirate the supernatant and resuspend the cell pellet in appropriate volume of Human iBlastoid
medium supplemented with Y-27632 for cell counting.
9. Perform a cell count on the collected cells and dilute accordingly to a cell concentration of 1.2x105
cells/ml with Human iBlastoid medium supplemented with Y-27632.
10. Take the prepared AggreWell plate out from the incubator and transfer 1 mL of well mixed cell
suspension into each well of the plate. Ensure that the cells seeded into the Aggrewell are evenly
distributed by pipetting the cell suspension in the well for several times carefully as per manufacturer’s
instructions.
11. Centrifuge the plate at 100xg for 3 minutes to capture the cells at the bottom of microwells.
12. Observe the plate under the microscope to confirm that cells have been evenly distributed among the
microwells.
13. Carefully transfer the plate back to the 37ºC, 5% O2 and 5% CO2 incubator.
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14. 24 hours later, carefully perform a media replacement with warmed Human iBlastoid medium without
Y-27632.
15. On day 6 of iBlastoid formation in the AggreWell, the iBlastoids would be clearly visible and could be
collected into a 15 mL conical tube. We recommend using wide bore p1000 pipette tips for the collection
of iBlastoids to prevent any distortion. Alternatively, cut the end of a standard p1000 pipette tips for a
wider bore to collect the iBlastoids.
16. Let the iBlastoids in the conical tube to sediment for 5-10 minutes and carefully aspirate the majority
of the supernatant to remove most of the cell debris.
17. Transfer the sedimented iBlastoids into a 60 mm TC-treated Cell Culture Dish (Corning) filled with 3
mL of Human iBlastoid medium.
18. Using a dissection microscope, carefully pick the cavitated iBlastoids for subsequent analysis.

Troubleshooting
-Make sure to use fibroblasts that have undergone less than 10 population doublings for reprogramming
experiments.
-Make sure Sendai viruses are thawed and used quickly at correct MOIs, we do not recommend to refreeze Sendai viruses.
-There could be lot-to-lot variation between CytoTune 2.0 Sendai Reprogramming Kit which could result in
different reprogramming efficiency and affecting iBlastoid formation frequency. We recommend testing
the efficiency of the reprogramming kit first if a different lot is used for the iBlastoid generation
experiment.
-Fibroblasts with different genetic backgrounds could have different kinetics and growth rate during
reprogramming, and this could affect the efficiency of day 21 reprogrammed cells in generating
iBlastoids. We highly recommend testing different starting cell densities to determine the optimal cell
number when using different fibroblast cell lines for iBlastoids generation.
-Cell death during the reprogramming process of fibroblast is normal; ensure that fresh fibroblast media is
adequately supplemented to the reprogramming cells. Closely monitor the phenol red indicator in the
media; if required, the cells should be replenished daily with extra volume of fresh media.
-Make sure all media components are prepared and stored properly. We recommend preparing the Human
iBlastoid medium one day before seeding the day 21 reprogrammed cells into AggreWell for iBlastoid
formation.
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-Preparation of the AggreWell should be carried out properly by adhering to the manufacturer’s
instructions. Poorly prepared AggreWell could affect the iBlastoid formation efficiency.
-We recommend performing a media replenishment at day 4 or day 5 of iBlastoid generation in the
AggreWell if the media is turning yellow, but this step has to be done carefully using p1000 pipette to
ensure contents within the microwells are not lost or disrupted during media replenishment.

Time Taken
-Preparation of human dermal fibroblasts for somatic reprogramming can take approximately 1 week
after recovery of the cryopreserved fibroblasts.

-Human iBlastoids generation takes approximately 4 weeks.

Anticipated Results
If the experiments were performed correctly as described above, iBlastoids should be evident by day 4-5
and ready to harvest around day 6.
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