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Abstract

Melanocytes are neural crest-derived pigment-producing cells that reside in the inner ear, in the uveal tract,
in hair follicles, and in the skin. The main function of melanocytes is to provide pigmentation through
melanin production and secretion to the immediate surrounding area. Although much is known about
mature melanocyte function and regulation, particularly in the skin, little is known with regard to the
signals and gene expression patterns that ensue upon melanocyte development and differentiation from
embryonic precursors. The ability to examine these patterns in an in vitro specified setting through the use
of embryonic stem cells holds great potential for understanding melanocyte biology. In this chapter, we
outline our procedures for the differentiation of human embryonic stem cells toward mature pigment-
producing melanocytes that express the appropriate melanocytic markers and home to the epidermal basal
layer in 3D skin reconstructs.

Key words: Pigment, melanocytes, neural crest, keratinocytes, migratory, Wnt3A, SCF, ET3, skin
reconstructs.

1. Introduction

In vertebrate development, melanocytes originate from migratory
neural crest cells that emerge from the neural plate during embry-
ogenesis. These neural crest cells give rise to committed unpig-
mented melanoblasts that home to specified destinations where
they ultimately give rise to mature pigment-producing melano-
cytes (reviewed in 1, 2). Although melanocytes reside in the eye,
inner ear, hair matrix, mucous membranes, and central nervous
system, the most well-studied human melanocytes are those in
the skin. Skin-dwelling melanocytes reside on the basement
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membrane of the epidermal–dermal junction where they maintain
close contact with surrounding keratinocytes (3). The primary
function of these epidermal melanocytes is to produce and trans-
port the pigment melanin to surrounding keratinocytes providing
the skin pigmentation and protection from harmful ultraviolet rays
(2, 4).

Defects in melanocytes can lead to numerous pigmentary dis-
orders including, oculocutaneous, albinism, piebaldism, vitiligo,
and Waardenburg syndrome (5). Quail-chick chimeric studies and
mice bearing mutations specifically affecting neural crest derivates
have been instrumental in the identification of genes involved in
the development, migration, survival, and differentiation of mela-
nocytes from neural crest cells. Many of these studies have indi-
cated that Wnt (6, 7), endothelin 3 (8), and stem cell factor (SCF)
(9, 10) are all critically involved in the differentiation of neural
crest precursors toward pigmented cells. The essential role of Wnt
signaling in melanocyte development has been demonstrated by
studies on Wnt1 and Wnt3a-null mice in which almost no Dct-
positive melanoblasts were observed (11). Further studies in zeb-
rafish indicate that Wnt signaling, through activated beta-catenin,
promotes a fate decision between either melanocytes or glia cells
(12). The role of endothelins was recognized when knockout mice
for either the endothelin-B receptor (EDNRB) or its ligand,
endothelin-3, lacked melanocytes (13, 14). EDNRB is involved
in the initial dispersal and migration of neural crest cells destined to
become melanocytes, as its absence during this period leads to an
almost complete loss of melanocytes in mutant offspring (15, 16).
In quail primary neural crest cultures, addition of endothelin-3
strongly facilitates neural crest cell proliferation and differentiation
into glial cells and melanocytes (10). Disruptions in the END3
system are associated with Waardenberg-Shah syndrome and
Hirsch-sprung’s disease type 2 in humans (17, 18). The mouse
strains white dominant spotting (W) and steel (Sl), harboring muta-
tions in the Kit tyrosine kinase receptor (c-Kit) and its ligand SCF,
respectively, have revealed that this receptor and its ligand play a
complex role in the survival, migration, and differentiation of
embryonic melanoblasts during their homing to the skin, which
appears to differ among species (19–21). Mouse mutants for the
c-kit receptor or SCF exhibit various degrees of pigmentation
defects and in humans c-kit mutations are associated with pie-
baldism (22).

Despite the vast number of mouse and chick/quail studies
undertaken to monitor melanocyte development and survival,
major architectural differences exist between human and mouse
skin. Whereas mouse melanocytes are localized to the hair folli-
cles deep in the dermis, human melanocytes reside at the base-
ment membrane of the epidermal–dermal junction surrounded
by keratinocytes. These environmental differences make it
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difficult to extend mouse or chick/quail melanocyte develop-
ment to human melanocyte development. Thus, through the
use of hESCs and their differentiation to melanocytes, the
potential for learning about the factors required for proper
human melanocyte development from embryonic precursors is
vast.

We have recently defined a novel feeder-free approach for the
differentiation of human melanocytes from human embryonic
stem cells that can reproducibly generate a greater than 85%
homogenous population of mature pigmented human melano-
cytes (23). We have identified that the combination of Wnt3a,
SCF, and EDN3 are indispensable for proper melanocyte differ-
entiation from human embryonic cells. These melanocytes exhibit
the correct morphology, synthesize melanosomes, and express all
the proper melanocyte markers.

2. Materials

2.1. Medium

Components and

Composition (see

Note 1)

1. MEF derivation medium (1000 ml): 870 ml DMEM (Invitro-
gen # 11965-092), 100 ml defined FBS (Invitrogen # 16000-
044; heat inactivate for 30 min at 57�C), 10 ml L-glutamine
(Invitrogen #21051-024 – make 200 mM stock in water and
store at –20�C), 10 ml nonessential amino acids 100X (Invi-
trogen #11140), 10 ml penicillin-streptomycin 100�.

2. MEF medium (1000 ml): 880 ml DMEM (Invitrogen #
11965-092), 100 ml defined FBS (Invitrogen # 16000-044;
heat inactive for 30 min at 57�C), 10 ml L-glutamine (Invi-
trogen #21051-024 – make 200 mM stock in water and store
at –20�C), 10 ml nonessential amino acids 100X (Invitrogen
#11140).

3. Cryopreservative medium for MEFs (100 ml): 60 ml DMEM
(Invitrogen # 11965-092), 20 ml defined FBS (Invitrogen #
16000-044; heat inactive for 30 min at 57�C), 20 ml DMSO
(Fisher #F128-500).

4. 0.1% gelatin (500 ml): 500 mg gelatin powder (Sigma
#G1890), 500 ml endotoxin-free, reagent grade water. Auto-
clave gelatin solution for 45 min on a liquid cycle and store at
room temperature (RT).

5. Human embryonic stem cell medium (1000 ml): 800 ml
DMEM/F-12 (Invitrogen #11330-032), 200 ml Knockout-
Serum Replacer (Invitrogen #10828-028), 10 ml
200 mM L-glutamine (Invitrogen #21051-024) + 7 ml
b-mercaptoethanol/10 ml L-glutamine, 10 ml nonessen-
tial amino acids 100X (Invitrogen #11140), 1 ml basic
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fibroblast growth factor (Fitzgerald Industries #RDI-118B-
218 – make 4 mg/ml stock in 0.1% BSA in 1X DPBS and
store at –70�C).

6. Embryoid body (EB) medium (100 ml): 80 ml DMEM/F-12
(Invitrogen #11330-032), 20 ml Knockout-Serum Replacer
(Invitrogen #10828-028), 1 ml 200 mM L-glutamine (Invitro-
gen #21051-024), + 0.7 ml b-mercaptoethanol/1 ml L-gluta-
mine, 1 ml nonessential amino acids 100X (Invitrogen #11140).

7. Mel-1 medium – for melanocyte differentiation (100 ml): 20 ml
Dexamethasone (Sigma #D-2915 – make up to 0.25 M in
water and store at –20�C), 1 ml ITS Liquid Medium Supple-
ment (Sigma #I-3146), 1 ml Linoleic Acid-BSA (Sigma #L-
9530), 30 ml DMEM-Low Glucose (Invitrogen #11885),
20 ml MCDB201, 1 ml L-ascorbic acid (Sigma #A-4403),
50 ml Wnt3a conditioned medium (see Section 3.7 and Note
2), 1 ml Stem Cell Factor (Fitzgerald Industries #RDI-118B-
218 – make up to 10 mg/ml in 0.1% BSA in 1X DPBS and
store stock at –70�C), 100 ml Basic Fibroblast Growth Factor
(Fitzgerald Industries #RDI-118B-218 – make up to 4 mg/
ml in 0.1% BSA in 1X DPBS and store stock at –70�C), 100 ml
Endothelin-3 (American Peptide Co. #88-5-10 – make up
264 mg/ml in 0.1% BSA in 1X DPBS and store stock at –
70�C), 150 ml Cholera toxin (Sigma #C-3012 – make up to
3.32 mg/ml in 0.1% BSA in 1X DPBS and store stock at 4�C),
12.5 ml TPA (Sigma #P-1583 – make up to 250 mg/ml in
0.1% BSA in 1X DPBS and store stock at –20�C).

8. L-Wnt3a cell medium – 10% FBS (1000 ml): 900 ml DMEM
(Cellgro #10-017-CM), 100 ml FBS, 8 ml of 50 mg/ml G418
(Sigma #G-8168).

9. L-cell medium – 10% FBS (1000 ml): 900 ml DMEM (Cellgro
#10-017-CM), 100 ml FBS.

10. L-Wnt3A conditioning medium – 1% FBS (1000 ml): 900 ml
DMEM (Cellgro #10-017-CM), 10 ml FBS.

11. 1X PBS Ca2+/Mg2+ free (Cellgro #21-031-CM).

12. Hank’s buffered saline solution (HBSS) without Ca2+/Mg2+.

13. 0.25% trypsin/EDTA.

14. 10 ng/ml Fibronectin.

2.2. Cells 1. CF-1 female mice (day 13–14 gestation) for MEF derivation
(Jackson Laboratory)

2. L-cells (ATCC #CRL-2648)

3. L-Wnt-3A cells (ATCC #CRL-2647)

4. H9ES (WiCell Research Institute)
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2.3. Additional

Materials

1. 6-well plates

2. Cell lifters

3. Glass pickers

4. 70% ethanol

5. Forceps

6. Scissors

7. Iris scissors

8. 50-ml sterile conical tubes

9. 15-ml sterile conical tubes

10. 5-ml sterile glass pipets

11. T25 flasks

12. T75 flasks

3. Methods

3.1. Derivation of

Mouse Embryonic

Fibroblast

1. Sacrifice a female mouse (WiCell: CF-1) at day 13 or 14 of
pregnancy.

2. Soak the abdomen with 70% ethanol.

3. Using a forceps pull up the skin separating the hide from the
peritoneum and cut a nick in the skin with scissor.

4. Using a new set of forceps and scissors, cut the peritoneum to
expose the abdominal cavity.

5. Grab hold of the uterine horns with a blunt-point forceps and
using a scissors cut them from the abdominal cavity. Place the
uterine horns in a petri dish that contains 10 ml of Ca2+/
Mg2+-free PBS.

6. Wash the uterine horns 3 times with 10 ml of Ca2+/Mg2+-free
PBS.

7. Using 2 fine-pointed forceps, tease open the uterine walls or
cut using a scissor to release the embryos into the petri dish.

8. Separate the embryos from the placenta and fetal membranes.

9. Transfer the embryos to a new petri dish and wash them 3
times using 10 ml of Ca2+/Mg2+-free PBS.

10. Using a fine-tipped forceps, individually, dissect out and dis-
card the viscera, liver, and heart, which appear as red spots,
from each embryo.

11. Wash the embryos 3 times with 10 ml of Ca2+/Mg2+-free PBS.

12. Remove the Ca2+/Mg2+-free PBS and add 2 ml 0.25% Tryp-
sin/EDTA solution to the washed embryos.
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13. Using a curved Iris scissors, finely mince each embryo. Add
5 ml Trypsin/EDTA solution.

14. Incubate at 37�C for 20–30 min on shaker until individual
cells are visible (using an inverted cell-culture microscope).

15. Add 20 ml of MEF derivation medium to the plate after the
incubation. Transfer the individualized cells to a 50-ml con-
ical tube.

16. Rinse remaining tissue in the plate with a 5 ml MEF derivation
medium. Transfer to the 50-ml conical tube. Mix by pipetting
a few times. Allow the debris in the suspension to settle to the
bottom of the tube for 1 min.

17. Remove the top 12 ml of the suspension containing the indi-
vidualized cells and spin down to remove all the trypsin, then
resuspend the pellet and divide into T75 flask (3 embryos/
flask).

18. Mix the remaining 8 ml with the debris, spin, resuspend, and
add into one flask.

19. Add additional MEF derivation medium to each flask; bring
the final volume to 20 ml/flask.

20. Incubate flasks in a 37�C, humidified incubator at 5% CO2 for
2–3 days, until 80–90% confluent. At this time, the MEFs are
ready to be harvested and frozen (see Note 3).

3.2. Freezing MEF 1. Aspirate medium from each flask and wash with 5 ml/T75 of
Ca2+/Mg2+-free PBS.

2. Add 2 ml/T75 of 0.25% Trypsin/EDTA for 4–8 min at room
temperature.

3. Detach the cells by tapping.

4. Add 4 ml/T75 of MEF derivation medium.

5. Pool into 50-ml centrifuge tubes.

6. Mix the pooled cells by pipetting a few times.

7. Allow the mixed cells to sit for about 2 min or until the large
chunks settle on the bottom.

8. Pipette the cells suspended in the MEF derivation medium
into 2 new 50-ml centrifuge tubes.

9. Centrifuge the tubes at 200�g for 5 min (1000 RPM, 5 min).

10. Remove supernatant.

11. Resuspend cells in a volume equal to one half of the total volume
to freeze (freeze 2 vials/75 flask = 5–10 � 106 cells/vial).

12. Put the cells on ice.

13. Add an equal volume of 4�C MEF cryopreservation medium
to an equal volume of MEF cells at 4�C and mix.
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14. Label vials and aliquot 1 ml cells/vial.

15. Place the vials in –70�C freezer overnight (O/N).

16. The vials may be transferred into liquid phase of LN2.

3.3. Thawing Mouse

Embryonic Fibroblasts

(MEF)

1. Coat one T75 flask with 7 ml 0.1% gelatin for at least 1 h at
37�C prior to thawing MEFs.

2. Remove a frozen stock vial of MEF from liquid nitrogen.

3. Immerse vial in a 37�C water bath. Swirl gently. When only a
small sliver of an ice crystal remains, remove vial from water bath.

4. Immerse vial in 70% ethanol. While vial air-dries in hood,
generously rub gloved hands with 70% ethanol.

5. Pipette 10 ml MEF medium into a 15-ml conical tube. Add
cells drop-wise to medium to avoid osmotic shock. Gently
pipette up and down to mix.

6. Centrifuge at 200�g for 5 min and aspirate supernatant.

7. Resuspend cell pellet in 10 ml MEF medium and place in
gelatin-coated T75.

8. Incubate O/N at 37�C.

9. The next day aspirate medium containing any unattached
dead cells and replace with 10 ml fresh MEF medium.

10. Monitor cells daily. Split when the cells have reached 95%
confluence.

3.4. Splitting MEFs MEF of �95% confluence in T75 are usually split at 1:4.
1. Coat plates with 0.1% gelatin, 1 ml/well (6-well plates) or

7 ml/T75 for at least 1 h at 37�C prior to splitting MEFs.

2. Aspirate medium from MEFs and wash each T75 flask with
5 ml HBSS without Ca2+/Mg2+.

3. Add 4 ml 0.25% trypsin/EDTA solution per T75 and incu-
bate at RT for �5 min. Detach cells by tapping.

4. Add 8 ml/T75 MEF medium to neutralize.

5. Transfer to 50-ml conical tubes and spin at RT for 5 min at
2000 rpm.

6. Meanwhile, aspirate gelatin from coated flasks, add 9.5 ml
MEF medium per new coated T75 flask.

7. Aspirate medium from pellet and resuspend in 2 ml of MEF
medium for a 1:4 split.

8. Add 0.5 ml to each flask and incubate at 37�C.

9. Change medium every other day until MEFs are confluent
and ready to split or irradiate (see Notes 4 and 5).

Attention: Keep one back up un-split flask. Just change the
medium.
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3.5. Irradiation of MEFs

for hES Cell Seeding

(Usually Irradiate on

Wednesdays).

1. Coat 6-well plates with 1 ml/well of 0.1% gelatin and incu-
bate at 37�C for at least 1 h prior to seeding irradiated MEFs.

2. Aspirate medium from 95% confluent T75 of MEFs and wash
with 5 ml HBSS without Ca2+/Mg2+.

3. Add 4 ml 0.25% trypsin/EDTA solution per T75 and incu-
bate at RT for approximately 5 min. Detach cells by tapping.

4. Add 8 ml/T75 MEF medium to neutralize.

5. Transfer to 50-ml conical tube and pellet cells for 5 min at
1300 rpm at RT.

6. Resuspend cells in 5 ml MEF medium and count cells.

7. Irradiate cells in 15-ml conical tube for 17 min at 1 Gy/min
(see Notes 6 and 7).

8. Following irradiation, pellet cells for 5 min at 1300 rpm at
RT.

9. Resuspend cells at 3.25 � 104 cells/ml MEF medium.

10. Aspirate gelatin from 6-well plates.

11. Seed 2 ml of 3.25� 104 cell/well to give 7.5� 104 cell/well.

12. Incubate overnight at 37�C (see Note 8).

3.6. Passaging hES

Cells onto Irradiated

MEFs (Usually on

Thursdays)

3.6.1. To Irradiated MEF

Cells on 6-Well Plates

1. Warm hES medium in 37�C water bath.

2. Aspirate MEF medium from irradiated MEFs.

3. Add 1 ml/well 37�C hES medium and incubate 2–3 min at
37�C to dissipate MEF medium.

4. Aspirate hES medium from irradiated MEFs and add 1 ml/
well fresh hES medium.

5. Incubate at 37�C until ES cells are ready to be seeded.

3.6.2. ES Colony Picking

and Plating

1. Using a microscope find undifferentiated hES colonies and
from the bottom side of the plate, circle them with a Sharpie,
foregoing the dark multilayer differentiated colonies
(Fig. 16.1).

2. Once colonies have been chosen and circled, slowly remove
old ES medium from each well using a pipette.

3. Slowly add 1 ml/well fresh 37�C hES medium.

4. Using an autoclaved pointed glass pipette scraper, scrape
circled ES colonies from multiple wells into the hES medium.

5. Slowly seed approximately 10 scraped colonies (dropwise)
onto one well of irradiated MEFs using a glass 5-ml pipette
(see Note 9).

6. Obtain any residual scrapings by adding 1 ml/well fresh hES
medium to just-scraped wells. Collect and evenly redistribute
onto MEFs.

308 Zabierowski and Herlyn



7. Add supplemental hES medium to newly seeded wells to get
approximately 3 ml hES medium per well.

8. Add 2 ml/well hES medium to old wells that have just been
scraped (see Note 10).

9. Incubate all plates at 37�C.

10. The next day, slowly add another 2 ml hES medium at 37�C
to freshly passaged ES cells as well as the old ES cells.

11. The following day, slowly remove 3 ml of medium and replace
with 2 ml fresh 37�C hES medium.

12. Change 2/3 hES medium (approximately 2 ml) everyday
thereafter until next passage (the following Thursday when
ES cells will be ready to split again).

3.7. Generating

Embryoid Bodies (EBs)

from ES Cells

1. Slowly pipette off all medium from 6-well plates of 7-day old
ES cells.

2. Add 1 ml EB medium (does not need to be warmed to 37�C)
per well of 6-well plates (see Note 11).

3. With plastic cell lifter, gently scrape the entire well of multiple
wells, trying not to break up the ES colonies.

4. Using 5-ml glass pipette, collect scraped cells and place into a
T25 flask. Use one T25 per one 6-well plate.

5. Add medium to 7.5 ml. Incubate overnight at 37�C.

Fig. 16.1. Colonies of undifferentiated and differentiated cells of the human embryonic stem (hES) cell line H9. H9 hES
cells were seeded onto irradiated mouse embryonic fibroblasts (MEFs) in 6-well plates and grown for 7 days under
standard hES culture conditions. (A) Well-defined undifferentiated colonies. (B) Spontaneously differentiated colonies.
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6. The following day, change the medium and flask. To do this,
transfer all floating material from a T25 to a 15-ml conical
flask and discard the flask. Spin for 5 min at 600 rpm. Aspirate
old medium. Gently resuspend in 7.5 ml fresh EB medium
taking care not to break up cell clusters and place in new T25
flask (see Note 12).

7. Change 2/3 EB medium the following day. When changing
medium, sit the flask upright and let larger clusters of cells
settle to the bottom (approximately 3 min) and carefully
pipette off 2/3 (approximately 5 ml) medium taking care
not to disturb the settled clusters. Replace with 5 ml fresh
EB medium.

8. Continue incubating at 37�C for another 3 days. By day 4, the
cell clusters should have formed free-floating spheres of vary-
ing sizes that are ready to be differentiated (Fig. 16.2A).

3.8. Wnt3a-

Conditioned Medium

for Mel-1

1. The L-Wnt3a cell line (24) is normally cultured in L-Wnt3a
cell medium (DMEM containing 10% FBS and 0.4 mg/ml
G418).

2. When cells reach confluence, split 1:10 into 10-cm2 petri
dishes with L-Wnt3a conditioning medium (1% FBS without
G418). Each petri dish should contain 10 ml of L-Wnt3a
conditioning medium.

3. Allow cells to grow for 4 days at 37�C (approximately until
confluence).

4. Remove the medium and filter sterilize. This is Batch 1.

5. Add 10 ml fresh L-Wnt3a conditioning medium (with 1%
FBS without G418) and culture for another 3 days.

6. Remove the medium and sterile filter. This is Batch 2.

7. Discard the cells.

8. Mix Batch 1 and 2 at a 1:1 ratio. This is the Wnt3a-conditioned
medium. It is stable at 4�C for approximately 1 month. For
long-term storage, the medium can be stored at –70�C.

3.9. L-Conditioned

Medium (Control for

Wnt3a CM)

1. The parental control cell line, L cells, are cultured in L-cell
medium (DMEM containing 10% FBS without G418).

2. When cells reach confluence, split 1:10 into 10-cm2 petri
dishes, each containing 10 ml L-Wnt3a conditioning medium
(1% FBS without G418).

3. Allow cells to grow for 4 days at 37�C (approximately until
confluence).

4. Remove the medium and sterile filter. This is Batch 1.

5. Add 10 ml fresh L-Wnt3a conditioning medium (with 1%
FBS without G418) and culture for another 3 days.
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Fig. 16.2. Morphological changes of hES-induced melanocyte differentiation over a 50-day time course. (A) Day 0 in Mel-1
medium. (B) Day 2. (C) Day 10. (D) Day 20. (E) Day 30. (F) Day 50.
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6. Remove the medium and sterile filter. This is Batch 2.

7. Discard the cells.

8. Mix Batch 1 and 2 at a 1:1 ratio. This is the L-conditioned
medium. It is stable at 4�C for approximately 1 month. For
long-term storage the medium can be stored at –70�C.

3.10. Confirmation of

Wnt3a-Conditioned

Medium

The culture supernatant containing the active form of mouse
Wnt3a protein can be verified by the induction of b-catenin
expression through Western blotting (25) .

1. Seed normal L cells in 6-well culture dish at 1 � 105 cells per
well in L-cell medium.

2. Incubate at 37�C overnight.

3. The following day, aspirate medium.

4. Prepare the following per well:

Well # L-cell medium (ml)

L-Wnt3a-conditioned medium (mix of
Batch 1 and 2) (ml)

1 2 0

2 1.5 0.5

3 1 1

4 0.75 1.25

5 0.5 1.5

6 0.25 1.75

7 0 2

5. Incubate for at least 12 h at 37�C.

6. Lyse the cells in 50 ml of RIPA lysis buffer.

7. Use 10 ml for immunoblotting to detect total b-catenin
protein.

3.11. Melanocyte

Differentiation

1. Coat 1 ml/well of 6-well plate or 3 ml/T25 with 10 ng/ml
fibronectin O/N at 37�C.

2. Collect 4-day old EBs into 50-ml conical flask and let EBs
settle to the bottom.

3. Gently remove as much old EB medium without disturbing
settled EBs.

4. Add 7 ml Mel-1 to EBs. Gently pipette up and down
twice and let EBs settle to the bottom. While EBs are
settling, aspirate fibronectin from 6-well plates or T25
flasks.
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5. Gently remove as much medium from EBs as possible without
disturbing.

6. Wash EBs again with 7 ml Mel-1 medium.

7. Add 7 ml Mel-1 per T25 flask of EBs (i.e., If seeding EBs from
three T25s, then add 21 ml Mel-1).

8. Gently evenly disperse EBs by pipette mixing. Immediately
aliquot 7 ml of EBs per fibronectin-coated T25.

9. Incubate in a 37�C tissue culture incubator for 3 weeks,
changing 2/3 of the medium every other day (i.e., from
each T25 remove 5 ml of old medium and replace with 5 ml
fresh Mel-1 every Monday, Wednesday, and Friday). See
Fig. 16.2 and Note 13.

10. Following 3 weeks of continuous culture (with cells reaching
approximately 60% confluence), the cultures can be passaged
at a ratio of 1:3. Cultures are dissociated into single-cell
suspensions using 0.25% trypsin/EDTA and are replated
onto fibronectin-coated flasks in Mel-1 medium without
TPA.

11. Homogenous cultures of cells with a melanocyte-like den-
dritic morphology are established following an additional
4–6 weeks of maintenance in Mel-1 without TPA (see
Notes 14–17).

4. Notes

1. We generally do not use antibiotics in our medium with the
exception of MEF derivation medium. All medium are ster-
ilized by using 0.22-mm CA (cellulose acetate membrane)
filter. Medium can be stored for up to 1 month.

2. Wnt3a is an indispensable component of Mel-1 medium. If
Wnt3a-CM is replaced by L-CM during differentiation, the
cells that grow out exhibit a nonmelanocytic morphology, are
unpigmented, and are negative for MITF (23). If the percen-
tage of Wnt3a-CM in Mel-1 medium is reduced from 50 to
20%, melanocytic differentiation still occurs, but is delayed
and the percentage of mature differentiated melanocytes
decreases. Although we generally use Wnt3a-CM, soluble
Wnt3a protein can be purified from Wnt3A cell-conditioned
medium following the procedures as previously described
(25) and can be used as an alternative to the conditioned
medium.
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3. We do see that there appear to be small colonies in our
cultures, but we find that they are just small clumps of
MEFs that did not get totally disaggregated with trypsin
during derivation. We notice that they disappear over a few
passages because they are being trypsinized and broken up
again each time they are split. If we notice this happening, we
will sometimes leave the mouse embryos in trypsin (after
mincing) a little longer during the next derivation.

4. We sometimes notice that after a few passages a new cell type
emerges that is distinct from the typical fibroblast morphol-
ogy that begins to outgrow the MEFs (Fig. 16.3). If there are
more than 20% of these cells in the MEF cultures, we discard
the cultures and thaw a new vial of MEFs.

5. We use MEFs for up to 6 passages before discarding and
thawing a new vial of MEFs. Sometimes the cells senesce
earlier than passage 6. If this occurs we discard the cells and
thaw a new vial.

6. Every machine is unique and requires irradiation curve (kill
curve) data to determine the correct dosage. The rads of
exposure needed to inactivate MEFs can also vary from lot
to lot and must be tested.

7. Although mitomycin C inactivation of MEFs has been suc-
cessfully used in other laboratories, we prefer to use radiation
to reduce the possibility of altering the hES cells.

8. ES cells should be seeded onto irradiated MEFs the following
day. Irradiated MEFs can be kept for 5 days.

Fig. 16.3. CF-1 derived mouse embryonic fibroblasts. (A) Typical morphology of good quality MEF cultures. (B) A
contaminating cell type clustered amongst MEFs.
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9. Scraped ES colonies tend to stick to the sides of plastic pip-
ettes. We have found that glass pipettes are a better alternative
when passaging scraped ES colonies than plastic pipettes. Less
material is lost during passaging.

10. We keep all old plates, scraped and unscraped, until we have
determined that the newly passaged hES cells have attached
and are growing.

11. EB medium is the same medium as hES medium without
bFGF.

12. Any contaminating feeder layer cells will adhere to the flask
and are discarded following serial passage of the cells into new
flask.

13. After 24–48 h, some of the EBs form adhesive colonies, out of
which bipolar cells migrate (Fig. 16.2). The differentiating
hESCs continue to proliferate and reach 60% confluence after
3 weeks of continuous culture (Fig. 16.2).

14. Whereas EBs are unpigmented, hESC-derived melanocytes
are highly pigmented by 9 weeks and retain their pigmented
phenotype in long-term cultures over a 6-month period.
These cells eventually undergo senescence at passage 40.

15. To confirm melanocytic phenotype, expression of melanocy-
tic markers, including MITF, c-KIT, DCT, TYR, TYRP1,
SILV, and S100 can be assessed using Western blotting or
immunofluorescence.

16. To determine whether hESC-derived melanocytes are of
neural crest origin or retinal-pigmented cell phenotype, RT-
PCR using primers specific for the neural crest-derived MITF
isoform can be used.

17. To determine whether hESC-derived melanocytes can home to
the basal layer of the epidermis, hESC-derived melanocytes can
be placed in 3D organotypic cultures that mimic human skin.
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