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Progenitor’s Production
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Abstract

Embryonic stem cells (ESCs) differentiation via embryoid body (EB) formation is an established method
that generates the three germ layers. However, EB differentiation poses several problems including
formation of heterogeneous cell populations. Herein, we described a differentiation protocol on enhancing
mesoderm derivation from murine ESCs (mESCs) using conditioned medium (CM) from HepG2 cells. We
used this technique to direct hematopoiesis by generating “embryoid-like” colonies (ELCs) from murine
(m) ESCs without following standard formation of EBs. Our CM-mESCs group yielded an almost fivefold
increase in ELC formation (p < 0.05) and higher expression of mesoderm genes;-Brachyury-T, Goosecoid,
and Flk-1 compared with control mESCs group. Hematopoietic colony formation from CM-mESCs was
also enhanced by twofold at days 7 and 14 with earlier colony commitment compared to control mESCs
(p < 0.05). This early clonogenic capacity was confirmed morphologically by the presence of nucleated
erythrocytes and macrophages as early as day 7 in culture using standard 14-day colony-forming assay. Early
expression of hematopoietic primitive ({-globin) and definitive (f-globin) erythroid genes and proteins was
also observed by day 7 in the CM-treated culture. These data indicate that hematopoietic cells more quickly
differentiate from CM-treated, compared with those using standard EB approaches, and provide an efficient
bioprocess platform for erythroid-specific differentiation of ESCs.

Keywords: Embryonic stem cells, Cell culture techniques, Cell differentiation, Hematopoiesis,
Erythropoiesis

1 Introduction

Embryonic stem cells (ESCs) spontancously differentiate in vitro
through formation of embryoid bodies (EBs), tissue-like spheroids
cultivated in suspension culture (1-3). EB formation recapitulates
some aspects of early embryogenesis, including the formation of
a complex three-dimensional arrangement wherein cell-cell and
cell-matrix interactions support the development of the three embry-
onic germ layers—mesoderm, ectoderm, and endoderm. Following
EB formation, cells are returned to adherent culture conditions in
order for directed differentiation to occur (4-6). However, EB-based
methodologies are imprecise since spontaneous differentiation into
the three germ layers is not controlled (4, 5). Blood is derived from
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mesoderm in direct competition with spontaneous angiogenic and
cardiomyogenic differentiation (6-9). To recapitulate the process of
blood formation from mesoderm in vitro, ESCs are allowed to form
EBs for *5-8 days followed by terminal hematopoietic differentiation
through the use of various supplements and cytokines (3, 6, 10).
Recent efforts in in vitro red cell production starting from ESCs with
a view to clinical applications have resulted in successful serum-free
cultures for hematopoietic differentiation and the production of
functional nucleated red blood cells (11-13). However, these meth-
ods have all used EB formation and coculture with feeder cells or
conditioned media (CM). Non-EB cultures of hematopoietic cells
derived from ESCs can also be achieved with coculture using stromal
cells (11, 14-16). Although coculture provides microenvironmental
cues for differentiation of ESCs, the method is labor-intense and
problematic in the separation of feeders from differentiated cells
and the possible formation of heterokaryons within the culture
(17). Recombinant cytokines are used for more defined culture con-
ditions for the controlled differentiation of mesoderm from ESCs.
However, the method is costly and can, paradoxically, lead to multi-
lineage development due to the redundant action of cytokines and
morphogens, such as BMP-4 and Activin-A (5, 18). Alternatively,
CM from the culture of differentiated somatic cells contain soluble
factors, although largely undefined, that direct ESC differentiation
into layers such as mesoderm in vitro and are less resource-intensive,
making it a practical alternative for the study of mesoderm derivatives
in vitro (5, 17, 19-21). We have previously demonstrated that CM,
obtained from cultures of the human hepatocarcinoma cell line
HepG2, enhanced mesoderm formation from murine ESCs
(mESCs) without EB formation (5). HepG2 cells have characteristics
similar to those of visceral endoderm, an early organizer during
embryogenesis that secret signaling molecules specifying cell fate
(19, 22, 23). The similarities between liver carcinoma cell lines and
visceral endoderm have led to the suggestion that HepG2 CM reit-
erate visceral endoderm-like signaling in this system (5, 19). Ditfer-
entiation of mESCs cultured in HepG2 CM resulted in a restricted
repertoire of cell types comprised of mesoderm and parietal

*Keller et al. 1993 has reported that ESCs efficiently undergo differentiation in vitro to mesoderm and
hematopoictic cells that this in vitro system recapitulates day 6.5 to 7.5 of mouse hematopoictic development.
Embryonic stem cells differentiated as embryoid bodies (EBs) develop erythroid precursors by day 4 of differ-
entiations, and by day 6, more than 85% of EBs contain such cells. The number of the EPO responsive precursors
increased by day 8 of differentiation, them remained constant, and finally began to decline by day by day 12.
Therefore, we hypothesized that day 5-8 are the period of mesoderm differentation in EB to recapitulate
embryonic development based on the previous study reported.

Reference ammended: 3(a). Irion S, Clarke RL, Luche H, Kim I, Morrison SJ, Fehling HJ, Keller GM (2010)
Temporal specification of blood progenitors from mouse embryonic stem cells and induced pluripotent stem cells.
Development 137(17):2829-2839. doi:10.1242 /dev.0421193 (b). Keller GM, Kennedy M, Papayannopoulou T,
Wiles MV (1993) Hemataopoietic commitment during embryonic stem cell differentiation in culture. Mol and Cell
Biol: 473-486.
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endoderm providing an efficient method for enriched mesoderm
formation in vitro (5, 24). Herein, we extend our studies of directed
mesoderm differentiation from mESCs using HepG2 CM and pres-
ent an efficient method for the in vitro development of the hemato-
poietic lineage, as an alternative process for potential study and
application of'in vitro erythropoiesis from ESCs.

2 Materials

2.1 Tissue Gulture

. Undifferentiated E14 Tg2a murine ES and Hepatocarcinoma

(HepG2) cell lines (ATCC).

. Culture flask with tissue culture-treated low-toxin (endotoxin

<0.5 endotoxin units per milliliter [EU/mL]) high-grade
polystyrene culture surfaces (Nunc; T-75 flasks)

. 35 x 10 mm culture petri dishes (Corning nontreated petri

dishes [available through Sigma-Aldrich, UK]).

4. Blunt-end needles (Stem Cell Technologies, UK).

10.

11.

12.

13.

. Leukemia inhibitory factor (LIF; ESGRO) (Chemicon [avail-

able through Milipore, UK]).

. Gelatine solution type B from bovine skin 2 % (Sigma-Aldrich,

UK). Diluted the concentrated solution with tissue culture-
grade phosphate-buffered saline (PBS) to 0.1 %. For example,
increase volume of 1 mL concentrated solution to 20 mL by
tissue culture-grade PBS.

. Dimethyl sulfoxide Hybri-Max (DMSO) (Sigma Aldrich, UK).

. 1x tissue culture-grade PBS without calcium or magnesium

(Gibco Invitrogen Life Technologies, UK).

. High-glucose Dulbecco’s modified Eagle’s medium (DMEM)

(1x) contains 4,500 mg/L glucose, pyridoxine hydrochloride
and L-glutamine, but no sodium pyruvate (Gibco Invitrogen
Life Technologies, UK).

Heat-inactivated fetal bovine serum (FBS) characterized and
screened for ESCs growth (batch tested) (Gibco Invitrogen
Life Technologies, UK).

200 mM r-glutamine (Gibco Invitrogen Life Technologies,
UK).

Tripsin-ethylenediaminetetraacetic acid (EDTA) solution: 0.05
and 0.25 % trypsin/0.53 mM EDTA in 0.1 M PBS without
calcium or magnesium (Gibco Invitorgen Life Technologies,
UK).

100 units/mL penicillin and 100 pg/mL streptomycin (Gibco
Invitrogen Life Technologies, UK).
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2.1.1 Media

14.

15.

16.

17.
18.
19.

20.

21.
22.

23.
24.
25.
26.

Water for embryo transfer, sterile-filtered, BioXtra (Sigma-
Aldrich, UK).

14.3 M mercaptoethanol 2-(ME) (Sigma-Aldrich); dilute in
the solution into 100 mM by adding 40 mL concentrated
solution into 4,960 mL water for embryo transfer.

Iscove’s Modified Dulbecco’s Medium (IMDM) with high
glucose and sodium pyruvate (Gibco Invitrogen Life Technol-
ogies, UK).

0.1 mM Nonessential Amino Acids (Sigma-Aldrich, UK).

100 mM monothioglycerol (MTG) (Sigma-Aldrich, UK).

1% BIT (1 % BSA, 10 mg/mL Insulin, and 200 mg/mL
Transferrin; Stem Cell Technologies, UK).

Growth factors: mouse stem cell factor (mSCF), mouse
interleukin (mIL)-3, human (h) IL-6, and human erythropoie-
tin (hEPO; all supplied by R&D Systems, UK).

Es-Cult M3120 medium (Stem Cell Technologies, UK).

15- and 50-mL polypropylene conical centrifuge tubes (VWR
International, UK).

Cryogenic vials (VWR International, UK).

Ethanol 96-99 % (absolute) GPR (VWR International, UK).
Virkon (VWR International, UK).

100 % isopropyl alcohol bath (Nalgene Mr. Frosty, UK).

. mESCs maintenance medium : High-glucose DMEM supple-

mented with 10 % v/v FBS, 2 mM r-glutamine, 100 units/mL
penicillin and 100 pg/mL streptomycin, 0.1 mM 2-ME and
0.1 mM LIF immediately before use. For example, add 50 mL
FBS, 5 mL L-glutamine, 5 mL penicillin and streptomycin to
440 mL high-glucose DMEM. Add 1 pL 100 mM 2-ME per
milliliter and 1 pL 1,000 U LIF per milliliter of the culture
medium immediately before use (see Note 1).

. HepG2 maintenance medinm: High glucose DMEM without

sodium pyruvate supplemented with 10 % FBS, 2 mM r-gluta-
mine and 100 wunits/mL penicillin and 100 pg/mL
streptomycin.

. Primary differentiation medium: High glucose IMDM with

sodium pyruvate supplemented with 1 % Es-Cult, 15 % FBS,
2 mM r-glutamine, 150 pM MTG, and 40 ng/mL mSCF.

. Feeding medium: Primary differentiation medium supplemen-

ted with 160 ng/mL mSCF, 30 ng/mL mIL-3, 20 ng/mL h
1L-6, and 3 U/mL hEPO.

. Hematopoietic differentiation medinm: High glucose IMDM

with sodium pyruvate supplemented with 15 % FBS, 2 mM
L-Glutamine, 150 mM MTG, 1 % BIT, 150 ng/mL mSCF,
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30 ng/mL mIL-3, 30 ng/mL hIL-6, 3 U/mL hEPO, and 1 %
Es-Cult medium.

The following maintenance is applicable to many cell types and cell
culture media.

1.

O 0 NN O >

Maintain the cells in an incubator at 37 °C in a humidified
atmosphere of 5 % CO,/95 % air.

. Control the water level in the incubator’s tank daily.

. Check cells daily under inverted microscope. If any contamina-

tion is observed in the cultured cells, then take the culture plate
out the incubator and apply 10 % virkon for approximately
1-2 h and then discard the plate.

. After using a tissue culture hood, wipe it with 1 % virkon and

aspirate some 10 % virkon for decontamination of tube and
contents of canister.

. Discard content of canister after 1-2 h treatment with virkon.

. Reverse transcriptase polymerase chain reaction (RT-PCR)-

grade water (Ambion, UK).

. Total RNA Isolation kit, RNeasy mini kit (Qiagen, UK). This

kit contains the following ready-made buffers and columns:

(a) Lysis buffer: Buffer RLT, add 10 pL of p-ME for working
solution.

(b) Buffer RW1.

(c) Washing buffer: Buffer RPE, add 4 volumes of absolute
ethanol (96-99 %) for working solution.

(d) RNase-free water.
(e) Qiashredder spin column.

(f) RNeasy spin column.

. Tissue culture-grade 1x PBS without calcium or magnesium

(Gibco Invitrogen Life Technologies, UK).

. RNase-, DNA-, adenosine triphosphate (ATP)-, and pyrogen-

free 1.5 mL Eppendorf tube (VWR International, UK).

. Cuvette (Eppendorf, UK).

. Spectrophotometer (Eppendorf Biophotometer, Germany).

. TE Bufter at pH 7.0 (Ambion, UK).

. Molecular biology-grade ethanol (VWR International, UK).

. Reverse Transcription (RT) system kit (Promega, UK). This kit

contains the following reagents:
(a) MgCl,, 25 mM.
(b) Reverse Transcription 10x Buffer.
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10.

11

14.

¢) dNTP Mixture, 10 mM.
d) Recombinant RNasin® Ribonuclease Inhibitor.

(
(
(e) AMV Reverse Transcriptase (High Concentration).
(f) Random Primers.

(g) Nuclease-Free Water.

Mastermix PCR reagents contains (all by Invitrogen, UK):
(a) 1x PCR Buffer.

(b) 0.2 mM dNTP mixture.

(¢c) 1.5 mM MgCl,.

(d) 0.2 pM each primer (forward and reverse).
(e) 1 unit of Platinum Taq DNA Polymerase.
(f) DNase free water.

. Agarose powder (Invitrogen, UK).
12.
13.

10 pg/mL Ethidium bromide (Sigma-Aldrich, UK).
Gel-documentation system with ultra-violet light (Gene Flash,
Syngene Bio Imaging).
(a) Primers for endoderm:
Gata-4 [glutamyl-tRNA(GIn) amidotransferase subunit
A-1] (571-bp amplicon size):
Forward: CTCCTACTCCAG CCCCTACC
o Reverse: GTGGCATTGCTGGAGTTACC
a-feto protein [alpha-1-fetoprotein] (299-bp amplicon
size):
e Forward: CCTTGGCTGCTCAGTACGACAAGG
e Reverse: CCTGCAGACACTCCAGCGAGTTTC

(b) Primers for mesoderm:
Brac-T [brachyury transcription factor T-gene] (388-bp
amplicon size):

e Forward: AAGGAACCACCGGTCATCG

¢ Reverse: CGTGTGCGTCAGTGGTGTGTAATG
Flk-1 [fetal liver kinase-1] (599-bp amplicon size):

e Forward: CCTGGTCAAACAGCTCATCA

e Reverse: AAGCGTCTGCCTCAATCACT

GSC [goosecoid] (516-bp amplicon size):

e Forward: ATGCTGCCCTACATGAACGT

¢ Reverse: CAGTCCTGGGCCTGTACATT

(¢) Primers for ectoderm:
Sox-1 [sex determining region Y-box1] (388-bp amplicon
size):
e Forward: GCACACAGCGTTTTCTCGG
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e Reverse: ACATCCGACTCCTCTTCCC

Nestin [neuroepithelial stem cell specific protein] (259-bp
amplicon size):

e Forward: CGGCCCACGCATCCCCCATCC

e Reverse: AGCGGCCTTCCAATCTCTGTTCC

(d) Primers for hematopoietic progenitors:
Gata-2 [glutamyl-tRNA(GIn) amidotransferase subunit
A-1] (336-bp amplicon size):
e Forward: TGCAACACACCACCCGATACC
¢ Reverse: CAATTTGGACAACAGGTGCCC

¢-kit [cellular-homolog of protein kinase transmembrane
receptor] (458-bp amplicon size):

e Forward: GCTCATAAATGGCATGCTCCAGTGT

¢ Reverse: GAAGTTGCGTCGGGTCTATGTAAAC

(e) Primers for myeloid-erythroid:
c-myb [ cellular-myeloblastosis oncogene] (522-bp ampli-
con size):

e Forward: GAGCTTGTCCAGAAATATGGTCCTAAG
¢ Reverse: GGCTGCCGCAGCCGGCTGAGGGAC

SCL [stem cell leukemia/T-cell acute lymphocytic protein
1] (277-bp amplicon size):

¢ Forward: TAGCCTTAGCCAGCCGCTCG

¢ Reverse: GCGGAGGATCTCATTCTTGC

(f) Primers for erythroid:
Gata-1 [glutamyl-tRNA(GIn) amidotransferase subunit
A-1] (581-bp amplicon size):
¢ Forward: ATGCCTGTAATCCCAGCACT
e Reverse: TCATGGTGGTAGCTGGTAGC
BHI1-ylobin [hemoglobin beta-H1 chain] (610-bp amplicon
size):
¢ Forward: TTTGCACACTTGAGATCATCTC
e Reverse: GGTCTCCTTGAGGTTGTTCCATG
B-major globin [ beta-major globin] (610-bp amplicon size):
e Forward: ATGGTGCACCTGACTGATGCTG
e Reverse: GGTTTAGTGGTACTTGTGAGCC

(g) Housekeeping:
GAPDH [gene glyceraldehyde-3-phosphate dehydroge-
nase] (500-bp amplicon size):
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2.3 Western Blot
Analysis

2.4 Wright-Giemsa
Analysis

15.

e Forward primer: CATCACCATCTTCCAGGAGC
e Reverse primer: ATGCCAGTGAGCTTCCCGTC
Thermal cycler system (G-Storm, UK).

. RIPA lysis buffer (Santa Cruz Biotechnology, Germany).
. Protein Quantification: BCA™ Assay Kit (Pierce Biotechnology,

UK).

. Bovine serum albumin (BSA; Sigma-Aldrich, UK).

. Tissue culture-grade 1x PBS without calcium or magnesium

(Gibco Invitrogen Life Technologies, UK).

. 96 well plate (VWR International, UK).

. Enzyme-linked immunosorbent assay (ELISA) reader

(ELx808, BIO-TEK, USA).

. Laemmli sample bufter (contain 0.125 M Tris-HCL at pH 6.8,

4 % SDS, 20 % glycerol, 10 % pME, and 0.005 % bromophenol
blue; BioRad, UK).

. Precision Plus Protein™ All Blue Standards (BioRad, UK).

9. 10x Tris/Glycine premixed electrophoresis buffer (BioRad, UK).

10.

11.
12.
13.

14.

15.

16.

17.

18.

NuPAGE® Novex® 4-12 % Bis-Tris Protein Gels, 1.0 mm, 10
well (Invitrogen, UK).

0.2 pm nitrocellulose membrane (BioRad, UK).
C140 Mini Blot Module (Thermo Electron).

ECI120 mini vertical gel electrophoresis unit (Thermo
Electron).

SuperSignal West Pico chemiluminescent substrate (Pierce Bio-
technology, UK).

Dyversity gel-documentation system (SynGene) using the
Genesnap program (SynGene).

Rabbit polyclonal antibodies, GAPDH (1:20,000; Abcam,
UK) and Gata-1 (1:200; Abcam, UK).

Goat anti-rabbit polyclonal IgG Horseradish peroxidase (HRP,
1:10,000; Abcam, UK).

5 % nonfat skim milk solution.

. Cytospin cyto-centrifudge set (Hettich Rotina 46R Centrifuge,

Germany).

. Wright-Giemsa stain (Sigma-Aldrich, UK).
. Coplin staining jars (Sigma-Aldrich, UK).
. Olympus BX51 microscope and DP50 camera (Olympus UK

Ltd.).

. Microscope slides (Thermo Scientific, UK).
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3 Methods

3.1 Tissue Culture

3.1.1 Gelatin Coating
of Culture Surface

3.1.2 Thawing Cells

3.1.3 Passaging Cells
(Trypsinization)

3.1.4 Freezing Cells

1. Add adequate amount of 0.1 % gelatin solution to the culture
surface to cover the entire surface of T75 flask and leave in a
37 °C incubator for at least 1 h.

2. Aspirate the gelatin solution before use and add the cell
suspension.

1. Prepare the culture flask with gelatin-coated; prepare culture
medium (supplemented high-glucose DMEM) and prewarmed
it in 37 °C water bath.

2. Remove the frozen cell vial from the liquid nitrogen, submerge
the vial in the 37 °C water bath, and check for thawing.

3. Remove the vial just before the final ice crystal disappears and
wipe the outside of the vial with 70 % ethanol.

4. Transfer cells to a centrifuge tube and add 9 mL medium drop-
wise, swirling constantly.

5. Centrifuge the cells for 5 min at 200 x g (see Note 2).

6. Aspirate medium from the pellet, resuspend cells in the
medium, and apply to the gelatin-coated plate.

1. Feed cells about 1 h before passaging.

2. Warm an aliquoted amount of Trypsin-EDTA 0.05 % (for
mESCs culture) and 0.25 % (for HepG2 culture), and culture
medium.

3. Aspirate medium from cultured cells and wash three times with
1x PBS.

4. Add Trypsin-EDTA solution and put cells in a 37 °C incubator
for 5-10 min.

5. Gently pipet the cells up and down to separate them into single
cells.

6. Transfer the cells into a centrifuge tube and add culture
medium to the amount of passaging medium (see Note 3).

7. Centrifuge the cells for 5 min at 200 x g.

8. Remove the medium. Resuspend and plate out the cells
required.

This freezing protocol is applicable to both mESCs and HepG2 cell
lines.

1. Put freezing medium on ice.

2. Trypsinize the cells as described in Section 3.1.3.
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3.1.5 Culture of HepG2
Cells and Preparation of
HepG2 Conditioned
Medium (CM)

3.1.6 Culture of mESCs

Culture of Undifferentiated
Cells

Culture of Predifferentiated
Cells with HepG2-CM
(“CM-mESCs”)

. Add culture medium to the cell-trypsin medium and centrifuge

the cells at 200 x g4 for 5 min.

. Remove the medium and resuspend cells in an appropriate

volume of medium.

. Count the cells and centrifuge as before.

. Remove the medium and add an appropriate volume of the

freezing medium so that the cell concentration is between
2 x 10°and 5 x 10 per milliliter of suspension.

. Aliquot suspension into 1 mL cryovials, transfer the vials into a

100 % isopropyl alcohol bath, and leave the bath in the —80 °C
freezer overnight. Alternatively, put them in a —20 °C freezer
for 1 h, then transfer to a —80 °C freezer overnight.

. Transfer to liquid nitrogen the next day.

. Thaw a frozen cell vial (see Section 3.1.4) and resuspend cell in

HepG2 cell medium (see Section 2.1.1).

2. Seed onto a non-gelatin-coated tissue culture flask.

. Change the medium every 2 days and passage the cells every 3

or 4 days with 0.25 % Trypsin—-EDTA (see Section 3.1.3).

. For CM preparation, seed a density of 5.0 x 10* cell /cm?

HepG2 cells on tissue culture flasks and culture the cells at
370 Cin a 5 % CO, humidified water-based incubator for the
following 4 days without medium changing.

. Collect the culture medium after 4 days, filter-sterilized the

medium using 0.22 pm filter unit (VWR International, UK).

. Supplement the filtered medium with 0.1 mM B-ME and store

the medium at —20 °C.

. Prior to culture use, mix the medium collected from HepG2

cells as explained with fresh mESCs maintenance medium with
aratio of 1:1, and add 1,000 U/mL of LIF in the mixture (19)
(see Note 4).

. Seed undifferentiated mESCs on gelatin-coated flask and

change the medium every other day.

. When a subconfluent flask of undifferentiated mESCs is

obtained, passage the cells by trypsinization (see Section 3.1.3)
and plate the cells on gelatin-coated flask (Fig. 1).

. Passage the subconfluent flask of undifferentiated mESC,

count and plate 3.0 x 10° cells per T-75 gelatin-coated flask.

. Culture the cells in HepG2-CM (see Section 3.1.5) and change

the medium every other day by adding 1,000 U/mL LIF
(ESGRO) for 3 days.
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Fig. 1 Experimental design: control murine embryonic stem cell (mESC) and conditioned medium (CM)-mESC
groups. The control group consisted of normal mESC culture, exposed to standard Iscove’s modified
Dulbecco’s medium (IMDM) prior to differentiation that had undergone an 8-day embryoid-like colony (ELC)
formation period using primary differentiation medium followed by a further 14 days in the secondary
hematopoietic differentiation medium, as previously described (25). The experimental CM-mESC group
consisted of mESCs previously exposed to HepG2 CM prior to differentiation, followed by the same 8-day
ELC formation period using primary differentiation medium and a further 14 days of culture in the secondary
hematopoietic differentiation medium, as explained previously. Both culture groups were analyzed

simultaneously

Formation of “Embryoid-
Like Colonies (ELCs)” in
Primary Differentiation

Hematopoietic Colony
Forming Unit (CFU) Assay

1. Trypsinize the “CM-mESCs” and seed 3 x 10? cells/mL on

low adherence 35-mm Petri-dishes supplemented with primary
differentiation medium (see Section 2.1.1) (see Note 5).

. On day 7 of culture, feed the cells with feeding medium

(see Section 2.1.1) and culture for an additional day (day 8 of
culture).

. Disrupt 8-day-old ELCs and replate 2.0 x 10° cells/mL

on low adherence 35-mm Petri-dishes supplemented
with hematopoietic differentiation medium (see Section 2.1.1)
(see Note 6).

. Incubate the cells for an additional 14 days. Score the resultant

colonies using standard criteria based on the manufacturer’s
instruction (Stem Cell Technologies Hematopoietic Manual).

Figure 1 shows a schematic diagram of experimental design for

conditioned medium mesodermal enhancement.

Total RNA isolations are adopted from Qiagen’s instruction for
Rneasy Kit product.
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3.2 Reverse 1.
Transcriptase

Polymerase Chain

Reaction 2

w

3.2.1 Total RNA Isolation
and Quantification

N O\ Ul W

o oo

10.
11.

Harvest the cells by trypsinization as described in Section 3.1.3,
neutralize the trypsin with serum-containing medium, and
count the cells.

. Centrifuge and discard the supernatant.

. Wash the pellet with the ice-cold PBS and aliquot the cells into

<5 x 10°.

. Centrifuge and discard the supernatant.
. Add 350 mL lysis buffer RLT for each 5 x 10° aliquort.
. Mix by pipetting or vortexing (see Note 7).

. Homogenize the cell lysate in a Qiashredder spin column and

centrifuge at 14,000-16,000 x g for 2 min.

. Add 350 mL 70 % ethanol into the cell lysate through the column.
. Wash the total RNA that bound on the membrane column twice

with buffer RW1 before ethanol removed using buffer RPE.
Elute the RNAina 1.5 mL collection tube using RNase-free water.
Quantitate the RNA by spectrophotometry (see Note 8).

12. Store the RNA at —80 °C after quantification.
3.2.2 Complimentary Total mRNA is reversed transcribed into CDNA following Prome-
DNA (cDNA) Formation by ga’s instruction using Reverse Transcription System Kit.

Reverse Transcriptase (RT)

1.

Add 1 mg RNA sample in a PCR tube and adjust the volume to
10 mL by RNase-free water.

. Heat the RNA sample at 70 °C for 10 min, briefly centrifuge

and cool on ice for 5 min.

. Prepare the master-mix by adding 5 mm MgCl,, 1 mM of 2'-

deoxynucleoside 5'-triphosphate (ANTP) mixture, 1 unit/pL
recombinant RNasin ribonuclease inhibitor, 5 units/pl. AMV
reverse transcriptase and 0.5 mg/pl. random primers.

4. Add the master mix (10 pL) to the RNA sample.

. Incubate at 25 °C for 10 min, and then reverse transcriptase is

performed at 42 °C for 40 min followed by denaturation at
90 °C for 5 min and a cooling step at 4 °C for 5 min.

3.2.3  Polymerase Chain The data presented here are adopted from Invitrogen’s protocol for
Reaction (PCR) Formation the use of Taq polymerase and RT-PCR reagents.

1.

2.

Prepare an amount of 50 mL containing cDNA samples with
mastermix (1x PCR Bufter, 0.2 mM dNTP mixture, 1.5 mM
MgCl, 0.2 pM each primer (forward and reverse), 1 unit of
Platinum Taq DNA Polymerase and DNase free water.

Adjust the temperature profile as follows: Taq polymerase acti-
vation, 95 °C for 2 min; denaturation, 94 °C for 30 s; annealing
temperature (AT)for 30 s, 72 °C for 60 s; followed by final
elongation step at 72 °C for 5 min.
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3.2.4 Gel Electrophoresis 1. Mix 1.5 g of agarose agar powder with 100 mL of 1x TBE
solution, dissolve in a microwave.

2. Add 10 pg/mL of EtBr into the mix solution before being
casted to solidify.

3. Transfer the casted solidified gel to electrophoresis system filled
with 1x TBE bufter.

4. Mix 5 pL of 100 bp DNA ladder and 1 pL of Blue/Orange
loading dye used as DNA reference.

5. Load the DNA reference mixture into one well of the casted
solidified gel.

6. Mix 10 pL of PCR sample and 2 pL of Blue/Orange loading
dye. Load each sample mixture into each well of the gel.

7. Run electrophoresis at 95 V for 50 min.

8. Visualize the gel in a gel documentation system with ultra-
violet light (Gene Flash, Syngene Bio Imaging).

The result of this experiment showed a high expression of
mesodermal marker gene, Flk-1 in CM-mESCs than observed in
control mESCs at day 8 of culture. Figure 2 shows the DNA gel
electrophoresis of the PCR products.
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Fig. 2 Formation of ELCs in both culture groups at day 8. (a) Shown are examples of (i) control and (ii) CM-
mESC ELCs. Images were captured at 20 - magnification under light microscopy (scales for each image:
200 mm). (b) A higher number of ELCs formed was observed in the CM-mESC group on day 8. Data shown are
mean number of colonies—SD (n = 5; **p < 0.01). (c) RT-PCR analysis of genes indicative of the three germ
layers at day 8 of culture in control mESCs and CM-ESCs. Expression of genes of all three germ layers was
observed in ELCs from control mESCs, whereas a higher expression of FIk-1 and loss of endoderm gene
expression (GATA-4 and AFP) indicated more pronounced differentiation toward mesoderm with some early
differentiation toward the hematopoietic lineage (Gata-2 and C-Kit) in those of CM-mESCs. Negative controls
consisted of samples without cDNA. AFP a-fetoprotein, Fik-1 fetal-liver kinase-1, Bra-T brachyury-T, GS
goosecoid, Sox-1 sry-related HMG box-1, GAPDH glyceraldehyde 3-phosphate dehydrogenase
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3.3 Western Blot
Analysis

3.3.1 Protein Extraction
and Quantification

3.3.2 Sample
Preparation and SDS-PAGE

3.3.3 Western Blot
Analysis

. Harvest cell by scraping.
. Lyse cell in 150 pL of RIPA lysis buffer, incubate at 4 °C for

30 min and centrifuge at 10,000 x g4 for 5 min.

. Collect the protein-containing supernatant for quantification

using BCA™" Assay Kit.

. Dilute BSA in PBS from 0 to 500 pg/mL to create a protein

standard curve.

. Load 25 pL of sample into 96 well plate followed by mixing

with 200 pL of BCA working reagent.

. Incubate the plate in orbital shaking incubator at 37 °C for

30 min.

. Take the reading at a wavelength of 560 nm on an ELISA

microplate reader.

. Quantify each protein sample against the BSA protein standard

curve.

. Mix each protein sample with Laemli sample bufter, heat at

95 °C for 10 min and place on ice prior for gel loading.

. Load 40 mg of protein mixed on NuPAGE®™ Novex® 4-12 %

Bis-Tris Protein Gel electrophoresis.

. Load protein ladder Precision Plus Protein™ All Blue Stan-

dards in one well.

. Run one-dimensional SDS-PAGE to separate protein in

EC120 mini vertical gel electrophoresis unit filled with 1x
diluted Tris/Glycine premixed electrophoresis bufter.

. Apply a constant voltage of 110 V at initial stage for 15 min or

till the sample passes the stacking gel before a constant voltage
of 150 V is apply for another 45 min or until the dye reached
the bottom of the gel.

. Transfer the protein blot onto 0.2 pm nitrocellulose mem-

branes with 1x transfer buffer for 30 min followed by protein
blotting on C140 Mini Blot Module at a constant current of
30 mA for 50 min (se¢ Note 9).

. Block nonspecific antibody binding by incubation with 5 %

milk in 0.1 M PBS for 1 h.

. Incubate blots at room temperature with primary and second-

ary antibodies for 1 h respectively.

. Detect primary antibody binding with secondary antibody goat

anti-rabbit polyclonal IgG Horseradish peroxidase by the
SuperSignal West Pico chemiluminescent substrate.

. Capture image using the Dyversity gel documentation system

(SynGene) using the Gene snap program (SynGene).
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Cytospin Staining
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1. Prepare 1 x 10° cells/mL cell suspension in 100 pL PBS and
load it into a well of cytospin centrifuge set containing slide.

2. Spin the cells for 3 min at 100 x 4.

3. Air-dry the slide for 5-10 min before stained with Wright-
Giemsa stain in Coplin jar for 5-10 s.

4. Wash slide by dipping in deionised water for 2 min.

5. View image on the Olympus BX51 Microscope and capture
using the DP50 camera.

The result of this experiment showed an early erythroid matu-
ration identified by nucleated erythrocytes and macrophages found
in the CFUs from CM-mESCs at day 7. This early erythroid
maturation of adult type at day 7 of CM-mESC culture was con-
firmed by detection of Gatal and p-major globin proteins with
a lower expression of the primitive erythroid marker C-globin.
Figure 3 shows Wright-Giemsa staining and the protein blotting
of the western blot products.

4 Notes

1. 2-ME loses it thiol (-SH) group in the presence of metallic salts
within 1-2 days Therefore, 2-ME must be added fresh to the
culture medium immediately before use.

2. The duration and centrifugal force may diftfer for different cell
lines, but generally 5 min at 200 X g is suitable.

3. The serum in the culture medium inhibits trypsin.

4. HepG2 conditioned medium (CM) was formulated by mixing
50 % of fresh mESCs growth medium with 50 % of the medium
collected from HepG2 cells and subsequently with addition of
1,000 units/mL of LIF in the mixture.

5. The cell density of the suspension will be cell line dependent
and will vary on their ability to differentiate in methylcellulose.
Optimally, there will be 50-100 colonies per dish in 1 mL of
methylcellulose. As a first step, it may be necessary to perform a
dose curve to determine the number of cells required to yield
the optimal number of EBs. The number of EBs obtained
should be linear with ESCs input.

6. The actual number plated will vary depending on the cell line
and conditions used, as well the age of the colonies, but the
density of 1-5 x 10* cells per dish should provide a useful
starting range. When first establishing optimal plating densi-
ties, it is advisable to try two different cell concentrations which
differ by two- to threefold.



232 lliana Fauzi et al.

Fig. 3 Clonogenic capacity and gene and protein expression of terminally differentiated mESCs at days 7 and
14. (a) Standard methylcellulose assay was used to determine hematopoietic clonogenic capacity for burst-
forming unit erythroid (BFU-E), colony forming unit (CFU)-E, CFU-GM, and CFU-GEMM at days 7 and 14 from
ELCs of CM-mESCs and control mESCs. Morphological changes observed in the CM-ESC group at day 14 of
culture were consistent with loss of hemoglobin within the colonies as indicated by the reduction of reddish
hue. Images were captured at 20 x magnification under light microscopy (scales for each image: 200 mm). (b)
Summary bar graph of CFU numbers from both mESC groups at days 7 and 14 of the terminal differentiation
culture. A higher number of all hematopoietic CFUs was observed in the CM-mESC group. (c) Wright-Giemsa
staining of hand-picked BFU-E and CFU-GM colonies at day 7 of cultivated CM-mESCs confirmed the early
maturation of hematopoietic colonies. Images were captured at 20x magnification under light microscopy
(scales for each image: 200 mm). Data shown are mean number of colonies—SD (n = 5; **p < 0.01). nE
nucleated erythroid cells, Mac macrophage. (d) RT-PCR analysis of myeloid-erythroid genes in cells from day
7 CFU cultures in control mESCs and CM-mESCs indicates early expression of hematopoietic genes only in the
experimental condition. Incubation for the standard 14 days resulted in expression of all hematopoietic and
myeloid-erythroid markers in both control and experimental groups with loss of expression of the primitive
erythroid marker bH1 globin. The negative control consisted of samples without cDNA. (e) Western blot
analysis of CFUs from days 7 and 14 confirms early erythroid maturation at day 7 in the CM-mESC
experimental group with primitive erythroid expression of z-globin protein. The negative control consisted
of samples without protein extract
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7. In the total RNA isolation protocol, the samples may be stored
at —20 or —80 °C after homogenization in lysis buffer.

8. Find the OD at Ay¢p and Aygg. The Asgp:Az50 should between

1.6 and 2.

9. The blotted membrane was air-dried for at least 1 h at room
temperature prior to immunostaining.
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