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The clonal growth behavior of melanocytes derived
from melanocyte stem cells in glabrous skin

Abstract

Melanocyte stem cells (MSCs) play crucial roles in the pigmentation of human skin
and hair, but methods to isolate and culture them are not well characterized. In our
study, we cultured melanocytes derived from human fetal hair follicles and from
glabrous adult foreskins. Three kinds of culture methods were employed, namely,
via conventional enzyme digestion and cultivation, culture on a matrigel matrix and
tissue culture. The results show that a special population of melanocytes occurred
in primary cultures, which differed from mature epidermal melanocytes. Those cells
displayed bipolar or tripolar phenotypes, proliferated very rapidly and their growth
patterns resembled schools of fishes. Immunohistochemical staining with the HMB-
45 antibody confirmed that these cells were indeed melanocytes. We speculate that
these melanocytes in clone-like growth patterns may have derived from MSCs or their
progenies, which exist not only in the bulge region of hair follicles but also within the
epidermis and/or dermis of glabrous skin.
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Introduction

Melanocytes (MCs) originate from neural crest cells and undergo
a complex process of fate determination. They migrate through the
dermis to the epidermis and to developing hair follicles (HFs) during
embryonic development, are responsible for coloration of the skin and
hair, and protect the epidermis from hazardous ultraviolet radiation
(UVR).! MCs in the skin are present both in the epidermal basal
layer and in HFs. MCs in HFs are roughly divided into two distinct
populations: mature differentiated MCs located in the hair bulbs, and
melanocyte stem cells (MSCs) located in the bulge region of the HF.2
MSCs and/or their immediate progenies possess the characteristics
of slow-cycling and self-renewing, and have the ability to supply
amplifying cells to the hair matrix. They eventually differentiate into
melanin-producing MCs during the anagen phase of the hair cycle and
are responsible for hair color.® Clinically, in vitiligo patients, skin re-
pigmentation usually begins at the orifices of HFs, and then gradually
expands fuses and covers the entire de-pigmented area.* During that
process, the progenies of MSCs migrate upward along the surface of
the HF and proliferate to cause re-pigmentation of the skin.

MCs in HFs of mouse and human skin have been extensively
studied,>* but not much is known about MSCs in glabrous skin, such
as the foreskin. Recently, some studies have reported that multi potent
dermal stem cells (DSCs) isolated from human neonatal foreskins that
lack HFs are able to differentiate into multiple cell lineages, including
MCs. Those studies showed that MCs derived from DSCs could
produce pigment and express melanocytic markers, such as MITF,
DCT, TYRPI, S100, HMB45 and E-cadherin.” Those MCs acted in
the same manner as mature epidermal MCs. In the present study, we

used various culture methods and conditions to observe melanocyte
growth, and found that some MCs grew in patterns resembling schools
of fishes, suggesting the presence of MSCs and/or their progenies not
only in HFs but also in glabrous skin.

Materials and methods
Isolation and culture of cells from HFs

Fetal scalp skin specimens were obtained within 2h of death
and written informed consent was obtained from each family.
Specimens were immediately immersed in Dulbecco modified Eagle
medium (DMEM) supplemented with 400U/ml penicillin and 400g/
ml streptomycin. The epidermis, the upper lmm of the dermis and
subcutaneous adipose tissues were manually removed with a scalpel.
The remaining tissue was cut into 0.5cmx3.0cm pieces and immersed
in 0.25% collagenase type IV (Sigma, C5138) for 2-4h at 37°C. Many
individual HFs in all stages of growth were then freed of dermal tissue
by exhaustive washing in 0.01 M phosphate buffered saline (PBS) and
removal with tweezers. Washing was continued until individual free
HFs appeared to be pure.

The freed HFs were then treated with 0.25% trypsin and 0.53mM
ethylenediamine tetraacetic acid (EDTA) for 10min at 37°C to
release cells located in the outer root sheaths (ORS) of these HFs.
The suspensions were filtered through a 200m filter, and centrifuged
at 1000r/min for 5 min. The obtained cell pellets were re-suspended
in M254 medium supplemented with human melanocyte growth
supplement (HMGS, Life Technologies, 1671858), seeded in 6-well
plates at a density of 5x105cells/ml and then cultured in a humidified
atmosphere containing 5% CO, at 37°C.

Immunofluorescence of HF MCs

After 2-3 weeks in primary culture, the HF MCs reached
approximately 80% confluence and were sub cultured by differential
trypsinization. At the third passage, the cells were fixed with 4%
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paraformaldehyde for 15min at room temperature, then incubated in
0.1% Triton X-100 in PBS for 10min. After two successive washes
in PBS, cells were incubated with a blocking solution containing
5% BSA (Sigma) at room temperature for 60min. The mouse
monoclonal antibody HMB-45 (DAKO[IM063429-2) was used at
a 1:100 dilution and was incubated overnight at 4°C. Specifically
bound HMB-45 antibody was detected with a goat anti-mouse Alexa
Fluor 488-conjugated secondary antibody (1:500;ab150105) and was
incubated for 1h at room temperature in the dark. All antibodies were
diluted as noted in PBS/0.1% BSA solution and an isotype-matched
mouse IgG was used as a control. Nuclei were counterstained with 4,
6-diamidino-2-phenylindole (DAPI, Invitrogen) at a 1:1000 dilution.
All images were taken with a fluorescence microscope (Olympus,).

Cultivation of HF cells on matrigel

Basement Membrane Matrix (Corning BioCoat[1354277) is
composed of laminin, type IV collagen, nestin, heparin sulfate
glycoprotein, etc. At room temperature, the matrix polymerizes
to form a three-dimensional scaffold that simulates the in vivo cell
basement membrane, and contributes to the cultivation, proliferation
and differentiation of cells in vitro. Without a feeder layer, the matrix
can provide an ideal substrate support for the growth of cells. For
preparation of the three-dimensional model using matrigel, everything
that contacts the matrigel should be precooled when coated on culture
plates. Matrigel and DMEM medium were mixed at a ratio of 1:2 and
were incubated at 37°C for 4h to promote gel formation. The mixed
cell suspension was seeded on the matrigel matrix, and cells were
cultured with DMEM supplemented with 10% fetal bovine serum
(FBS) and were observed by light microscopy every two days.

Tissue culture of foreskins

Foreskin specimens were obtained from routine circumcisions and
were cleaned. After subcutaneous tissues were removed, the foreskin
specimens were cut into 0.5mx0.5cm pieces and were divided into
two parts: one part for tissue culture and the other part for the culture
of epidermal MCs. For tissue culture, the processed tissue specimens
were directly plated into wells of 6-well plates that had been pre-
coated with FBS to promote tissue adherence. After incubation with
5% CO, at 37°C for 2h, 500ul DMEM containing 10% (vol/vol) FBS
were added into each well. After 12h, 500ul media were added into
each well. The media were replaced every 2-3 days.

Culture of epidermal MCs from foreskins

For cell culture, the processed tissue specimens, which only
contained epidermis and dermis, were incubated in 2.4U/ml dispase
(Roche, Cat. No0.4942078001) in PBS for approximately 1.5h.
The epidermis was separated from the dermis using tweezers. The
remainder of the processing program was identical to the treatment
of free HFs noted above to free epidermal cells. The obtained cell
suspensions were incubated with medium 254 and HMGS at 37°C
in a humidified atmosphere containing 5% CO, and the medium was
changed every 2 days. When the cells reached approximately 80%
confluence, they were trypsinized and sub cultured. In the process of
passage, keratinocytes in the cultures were removed by differential
trypsinization and treatment with 100pug/ml geneticin (G418 sulfate,
BIOSHARP, 345810) was used to eliminate contaminating fibroblasts.
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Results
Isolation and culture of HF cells

After the treatment with Collagenase type IV, the scalp skin
was loose and it was easy to pull the HFs out using forceps. After
digestion with trypsin/EDTA, individual cells were released from the
free HFs. In primary cultures, 3 kinds of cells were observed, MCs,
keratinocytes and a few fibroblasts. At passage 3, a relatively pure
population of MCs was obtained following differential trypsinization
to eliminate keratinocytes and treatment with genetic in to kill
fibroblasts. Two types of MCs were observed: one type was un-
pigmented MCs with small bodies that were bipolar or in some cases
tripolar, and these cells proliferated very quickly. The other type was
intensely pigmented MCs with multiple dendrites; these cells did not
proliferate and disappeared after the third passage (Figures 1A & 1B).

W A

Figure 1 Cultivation of HF Mcs by differential enzyme digestion.

(A) Relative pure population of MCs at passage 3 included un-pigmented
MCs with bipolar or in some cases tripolar, and pigmented MCs with multiple
dendrites (100x); (B) un-pigmented MCs had an appearance of small bodies

and bipolar (100x).
Cultivation of HF cells on matrigel

HF cells were cultured on matrigel with DMEM and FBS. After
culture for 2 weeks, 3 kinds of cells were observed: a large number
of keratinocytes identified by their cobblestone morphology, a few
fibroblasts characterized by their generally elongated spindle-shaped
morphology, and MCs, which were dendritic, bipolar or multipolar.
Surprisingly, 2 types of MCs were observed: scattered MCs that
had a multipolar dendritic appearance and were larger and intensely
pigmented and MCs that grew out in groups, which resembled schools
of fishes and showed a clonal growth behavior. The latter types of
MCs were bipolar, had a good diopter and proliferated quickly
(Figures 2A & 2B).

Immunofluorescence of HF MCs

Immunohistochemical staining with the HMB-45 antibody was
performed on the HF MCs at the third passage. The results showed
that almost all cells were positive with intense green fluorescence,
indicating the presence of moderate to high levels of the antigen
defined by HMB-45, which is a specific marker for melanosomes.
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This staining pattern confirmed that these cells were indeed MCs.
HMB-45-positive cells accounted for a large proportion of cells with
smaller cell bodies, good diopters and bipolar shapes. On the tips of
dendrites and at the periphery of the cell body, the green fluorescence
was stronger, demonstrating the regions rich in melanosomes (Figure
3).

Figure 2 Cultivation of HF Cells on Matrigel.

(A) 3 kinds of cells were observed cultured on matrigel: keratinocytes
identified by their cobblestone morphology, fibroblasts characterized by their
elongated spindle-shaped morphology, and MCs were dendritic (100x%); (B)
groups of MCs were bipolar,a good diopter, which resembled schools of fishes

(200%).

Figure 3 Immunohistochemical staining of Mcs.
Follicular MCs were stained with HMB-45 antibody.The results showed these

cells were indeed melanocytes (100%).

Tissue culture of foreskins

The foreskin tissues adhered to the culture plates within a few h
after inoculation. By day 3, some keratinocytes showing a cobblestone-
like appearance had grown out around the foreskin tissues. A few MCs
with slender dendrites were scattered among the keratinocytes. By
day 14, some of the original tissues were floating and were removed

Copyright:
©2017 Zhang etal. 20

by replacing the media. The migrated and adherent cells proliferated
rapidly. Interestingly, besides the typical MCs, we observed another
type of MCs, which were spindle-shaped, proliferated quickly, and
grew in patterns resembling schools of fishes, among which a few

Figure 4 Tissue culture of foreskin cells.
(A,B) In addition to keratinocytes and the typical MCs, a clonal growth
behavior of MCs was observed, which present as spindle, proliferated quickly,

grew in patterns resembling schools of fishes (100x).
Culture of epidermal MCs from foreskins

After sufficient enzyme digestion of foreskins, we separated
the epidermis from the dermis as much as possible to reduce the
subsequent fibroblast contamination. Epidermal cells from the
foreskins were cultured in M254 medium supplemented with HMGS,
which is suitable for melanocyte growth but not for other types of cells.
In the primary cultures, the keratinocytes showed colony-like growth,
and were arranged densely with a clear boundary. On the contrary, the
MCs around those keratinocytes exhibited a parallel arrangement, and
had elongated, bipolar or tripolar morphologies with varying degrees
of pigmentation (Figure 5A).

Figure 5 Cultivation of epidermal Mcs from foreskin.

(A) Before passaging of primary culture, keratinocytes and mealnocytes
were both present and grown well. mealnocytes around keratinocytes
displayed a parallel arrangement(100x%). (B) After passaging, epidermal MCs
exhibited multiple dendrites and intense pigmention(100x). (C,D) A group
of melanocytes showed clonal growth patterns, bipolar; which differ from
common epidermal melanocytes. Obviously, these clonal melanocytes
originated from MSCs and/or their immediate progenies. (C:100x; D: 200x).
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After further passaging, relatively pure MCs were obtained by
differential trypsinization. In most cases, human epidermal MCs had
small bodies with a good diopter, and obviously multiple dendrites,
however, they did not show clonal growth behavior (Figure 5B).
Surprisingly, some groups of cells in one culture well were observed.
At first glance, these cells looked like grains scattered in the culture
plate because of their good refraction. A closer examination revealed
many fusiform cells that grew in groups (Figures 5C & 5D). These
cells proliferated very rapidly and showed clonal growth patterns.
They were obviously different from common epidermal MCs, and
were classified as MSCs.

Discussion

According to the published literature, during embryonic
development, melanocytic precursors, called melanoblasts, emerge
from pluripotent cells, migrate from the neural crest and then colonize
in the skin.® The MSC system has many unique advantages not only
for the study of mechanisms involved in pigmentary diseases but
also to provide a sufficient supply of MCs for cell-based treatments.’
The maintenance and regeneration of the melanocyte population is
dependent on MSCs that are located in the bulge and the sub-bulge
areas of HF.>!® Premature differentiation of bulge MSCs is also
observed during physiological hair graying in mice and in humans."
Amelanotic MCs (AMMCs) from HFs, which may be MSCs and/or
their immediate progenies, were first successfully cultured by Tobin et
al."? and have been confirmed by other research teams.'>'*

In the present study, we used two distinct methods to culture
cells from HFs. In conventional monolayer culture using an M245
selective medium, the predominant cells were AMMCs that were
characterized as having small bodies, bipolar shapes and were rapidly
proliferating." Staining with the HMB-45 antibody confirmed that
they were indeed melanocytes. It is known that HMB-45 specifically
recognizes the melanosomal protein gp100, also known as Pmell7,
and is a melanocyte lineage-specific marker. The few large and
pigmented MCs did not proliferate and disappeared after the third
passage. When HF cells were cultured on matrigel, groups of AMMCs
were observed in the primary cultures.

MSCs have also been demonstrated to exist in the dermis other
than the bulge region of HFs.!>"'7 That evidence comes from clinical
studies of patients with vitiligo, who were given a series of treatments
to stimulate re-pigmentation of the skin.'”® After those treatments,
some tyrosinase-positive MCs were detected along the basement
membrane in the previously de-pigmented palm skin. This clinical
evidence supports the existence of a MSC reservoir in extra follicular
skin.! Some authors have hypothesized that human extra follicular
skin contains a stem cell population, called human DSCs, which are
capable of differentiating into a wide variety of cell types, such as
MCs.!"! Tt has been suggested that DSCs may be a source of extra
follicular epidermal MCs.>

In general, epidermal MCs are mature cells, showing multiple
dendrites and pigmentation. However, we found a special type of
melanocyte during the process of cultivating foreskin tissue and
conventional MCs. Those cells have a high proliferative capacity,
show a clonal growth behavior, and are arranged densely, resembling
a school of fishes."* Their morphology and characteristics are similar
to AMMCs from HFs, but were more immature. In theory, there is no
HFs in the foreskin, so these cells should not have migrated from the
bulge region of HFs. We suspect that foreskin epidermal MCs may

Copyright:
©2017 Zhang etal. 21

be derived from MSCs, which may be present in the epidermis or
dermis.'”"”

In summary, using two different sources of skin and different
culture methods, we obtained a pure population of MCs, which
displayed a clonal growth behavior, proliferated very quickly, and
were present as fusiform or bipolar or tripolar shapes. These results
suggest that MSCs and/or their immediate progenies, such as AMMC:s,
exist not only in the bulge region of HFs but also within the epidermis
or dermis of glabrous skin.'”?* These MSCs provide a new basis to
understand the pathological changes caused by defects or dysfunction
in stem cells, such as hair graying, vitiligo and melanoma.'!51?
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