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Abstract

Context: Functions of melanocytes are supported by many growth factors and cytokines derived from epidermal and dermal cells,
especially keratinocytes and fibroblasts. In addition to these skin cells, elastin fibers are thought to be important for regulating
melanocyte functions in normal and abnormal skin. However, the role of elastin has not been fully investigated. Recently, the re-
search on the role of elastin in melanocyte functions has greatly increased even in human skin, whereas no full review article on this
subject has been presented so far. Thus, the author tried to present a complete review article on this subject in animals and humans.
Methods: The author searched the literature on elastin and melanocytes in research databases.
Results: Elastin fibers can affect the normal functions of melanoblasts/melanocytes in animals and humans. Moreover, elastin
fibers influence melanocyte functions in abnormal skin. In vitiliginous skin, where melanin and melanoblasts/melanocytes are
completely lost, elastin fibers are dramatically reduced. However, elastin fibers are completely restored or even increased in the
dermis of repigmented skin after phototherapy and/or skin transplantation. Moreover, elastin fibers penetrate the basement mem-
brane of repigmented skin, suggesting a direct contact between dermal elastin fibers and epidermal melanoblasts/melanocytes.
Conclusions: Elastin/elastin fibers may control the functions of mammalian melanocytes in normal and abnormal skin.
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1. Context

In mammalian skin, pigment-producing cells,
melanocytes, are located mainly in the epidermis, dermis,
and hair follicles (1). Melanin produced by melanocytes
regulates the expression of coat color in animals and
protects the skin against harmful stimuli such as ultra-
violet (UV) light. In mammals, two types of melanins
are produced. One is brown- to black-colored eumelanin
with higher molecular weight, and the other is yellow-
to orange-colored pheomelanin with lower molecular
weight (2). Eumelanin is derived from L-tyrosine, and
its synthesis is mainly controlled by tyrosinase (TYR),
TYR-related protein-1 (TRP1/TYRP1, DHICA-oxidase), and
-2 (TRP2/TYRP2, dopachrome tautomerase (DCT)) (3). On
the other hand, pheomelanin is derived from cysteinyl-
dopa produced by the reaction of L-tyrosine-derived
dopaquinone with L-cysteine (2).

Melanin is accumulated in small organelles called
melanosomes. Melanosome maturation is categorized

into four stages, namely, stages I (initiation of intraluminal
matrix formation but no TYR and melanin), II (completed
intraluminal matrix formation but no TYR and melanin),
III (initiation of melanin depositions on the intralumi-
nal matrix by TYR), and IV (mature melanosome with full
melanin depositions). Mammalian melanocytes have all
stages of melanosomes, whereas melanoblasts have only
stages I and II melanosomes. Melanocyte differentiation is
mainly controlled by TRP1, TRP2/DCT, and TYR (1, 3).

Melanoblasts originating from embryonic neural crest
cells invade the epidermis from the dermis and dif-
ferentiate into melanocytes. Differentiated epidermal
melanocytes migrate into hair follicles and constitute hair
bulb melanocytes, where mature stage IV melanosomes
are transferred to surrounding keratinocytes, giving rise to
melanized hair (4-8). Melanized hair contributes to the ex-
pression of the coat color in animals.

In mice, epidermal melanocytes are observed only one
month after birth except for glabrous skin such as ears,
nose, foot pads, and tail. Thus, melanocytes in the adult
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cutaneous skin are located in the hair follicles but not the
epidermis (1). Melanin present in hair bulb melanocytes
and hair shafts seems to protect skin from harmful UV.
By contrast, in humans, melanocytes are present in the
epidermis and hair follicles throughout their life. There-
fore, melanin in epidermal melanocytes seems to protect
the skin against UV (9). Moreover, the epidermis’ anatom-
ical characteristics greatly differ between mice and hu-
mans. The inter-follicular epidermis of mice is gener-
ally flat, whereas that of humans is wavy and rich in rete
ridges (9). Although the differences in the functions be-
tween the rete ridge epidermis and inter-rete ridge epider-
mis are not known, melanoblasts/melanocytes located in
the rete ridge epidermis are more numerous than in the
inter-rete ridge epidermis (10), suggesting the possibility
that melanocytes present in the rete ridge epidermis con-
tribute more greatly to the protection against UV.

The development of mammalian melanocytes is reg-
ulated by numerous factors derived from surrounding
tissue environments, especially keratinocytes (11-13), fi-
broblasts (14-16), endothelial cells (17), and blood vessels
(18). They produce and release numerous mitogens and
melanogens towards melanocytes. The interaction be-
tween melanocytes and the surrounding tissue environ-
ments is important for regulating the function of mam-
malian melanocytes. Recently, dermal fibers such as col-
lagen and elastin fibers have been paid particular atten-
tion in addition to these factors (19-22). Collagen fibers
are major dermal components, and their precursors, col-
lagen molecules, have triple-helix conformation, produce
long thin fibrils or two-dimensional reticular, or connect
with other extracellular matrix elements. Collagen is syn-
thesized as long precursors, procollagens, in fibroblasts
and released from them. Collagen fibers control mechan-
ical stability, elasticity, and strength (23). By contrast,
elastin fibers consist of two elements, microfibrils, and
matrix elastin. Fibrillins and microfibril-associated gly-
coproteins constitute microfibrils (24). Elastin is synthe-
sized in fibroblasts as a linear polypeptide, tropoelastin,
and released into extracellular space. Tropoelastin under-
goes extensive cross-linking by lysyl oxidase in the grow-
ing network (24). Elastin possesses a unique repeating se-
quence, valine-glycine-valine-alanine-proline-glycine (VG-
VAPG). This hexapeptide is repeated multiple times in hu-
man elastin molecules (24).

In addition to keratinocytes and fibroblasts, elastin
fibers are thought to be important for regulating
melanocyte functions in normal and abnormal skin. How-
ever, the role of elastin has not been fully investigated.
Recently, the research on the role of elastin in melanocyte
functions has greatly increased even in human skin,
whereas no full review article on this subject has been pre-

sented so far. Thus, the author tried to present a complete
review of this subject in animals and humans. Moreover,
the mechanism of regulating mammalian melanocyte
function by elastin/elastin fibers is also discussed.

2. Evidence Acquisition

We performed a literature search in databases such
as Web of Science, Current Contents, and PubMed using
keywords including “melanocyte,” “melanoblast,” “me-
lanocyte development,” “melanocyte differentiation,”
“melanocyte function,” “elastin,” “elastin fibers,” “colla-
gen,” “collagen fibers,” “elastin fibers and melanocytes,”
“vitiligo,” “vitiligo and melanoblast/melanocytes,” “vi-
tiligo and elastin,” and “vitiligo repigmentation.” These
databases were searched up to February 2023.

3. Results

3.1. Mammalian Melanocyte Development

The skin has three kinds of cells: Keratinocytes,
melanocytes, and fibroblasts. Mammalian melanocytes
are developed from melanoblasts originating from
embryonic neural crest cells (1). Epidermal invagi-
nations (hair germ), including keratinocytes and
melanoblasts/melanocytes, produce hair follicles. Hair
bulbs at the bottom of the hair follicles contain ker-
atinocytes, melanocytes, and fibroblasts (special fi-
broblasts called dermal papillae cells). The hair bulb
melanocytes secrete mature melanosomes into surround-
ing keratinocytes, producing melanized hair (1, 4-8).

Embryonic murine melanoblasts initiate the forma-
tion of stages I and II melanosomes by the enzymatic
activities of TRP1 and TRP2/DCT. These melanoblasts can
be detected by histochemistry using a combined dopa-
premelanin reaction (1, 6) or immunohistochemistry us-
ing an anti-HMB-45 antibody (25). Melanocytes are induced
to differentiate from melanoblasts by TYR activity and to
initiate the formation of stages III and IV melanosomes.
These melanocytes can be detected by histochemistry us-
ing the dopa reaction (1, 6) or immunohistochemistry us-
ing anti-TYR antibody (3).

In black mice of strain C57BL/10JHir, no dopa-positive
melanocytes were found in the embryonic epidermis
at 14 days of gestation (E14) (Figure 1A). By contrast,
melanoblasts positive to the combined dopa-premelanin
reaction already appeared at E14 (Figure 1B). On the other
hand, a small number of melanocytes (Figure 1C) were first
found in the E16 epidermis, whereas many melanoblasts
were found (Figure 1D). In the E18 epidermis, melanocytes
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increased in number (Figure 1E), and the combined num-
ber of melanoblasts and melanocytes also increased (Fig-
ure 1F).

Murine skin cells are derived from many stem cell
populations. Skin stem cells play the most important
role in maintaining the homeostasis of the skin cells
through proliferation and differentiation. Skin stem
cells are developed along with embryonic skin devel-
opment and are finally localized in stem cell niches.
Keratinocytes are derived from keratinocyte stem cells
(26), and melanoblasts/melanocytes are derived from
melanocyte stem cells (27). Keratinocyte stem cells are
located both in the epidermis and hair follicles and are
served as the niche for melanocyte stem cells in the bulge
area of hair follicles (hair bulge). Numerous murine ker-
atinocyte stem cells can be observed in the epidermis, hair
follicles, and hair bulges, as shown by immunohistochem-
istry using anti-K15 antibodies (Figure 2A). On the other
hand, a small number of murine melanocyte stem cells can
be observed by immunohistochemistry using anti-TRP2
antibody. These melanocyte stem cells are located mainly
in the hair bulges (Figure 2B). Differentiating keratinocytes
and melanoblasts/melanocytes in the hair bulges can mi-
grate into regenerating hair follicles (anagen hair folli-
cles). Thus, the new anagen hair bulbs have numerous
melanocytes with full pigmentation. These melanocytes
can be easily detected without dopa reaction (Figure 2C
and D).

By contrast, in the human epidermis, dopa-positive
melanocytes (Figure 3A) and melanoblasts (Figure 3B) pos-
itive to the combined dopa-premelanin reaction can be
observed even in the epidermis of adult skin. Moreover,
even in the absence of dopa-positive melanocytes in the
outer root sheath of hair follicles (Figure 3C), numerous
melanoblasts (Figure 3D) reactive to the combined dopa-
premelanin reaction are observed. These results suggest
that human melanoblasts are present in both the epider-
mis and the outer root sheath of hair follicles, even in adult
skin.

In the dermis of the buttocks of a 20-year-old lady, col-
lagen (Figure 3E) and elastin (Figure 3F) fibers are well
developed. Moreover, some of the elastin fibers pen-
etrate the basement membrane of the epidermis (Fig-
ure 3F), suggesting that the contact between epidermal
melanoblasts/melanocytes and elastin fibers is performed
in normal skin.

3.2. MammalianMelanocytes and Elastin/Elastin Fibers in Nor-
mal Skin

The interaction between normal mammalian
melanocytes and elastin/elastin fibers has not been

intensively studied. Classical studies using electron mi-
croscopy show that the dermal melanocytes in the skin
of monkeys (Cynomolgus macaques) interact with dermal
elastin fibers (28). Chang et al. (29) observed that the de-
velopment of epidermal melanoblasts/melanocytes in the
skin of C57BL/6J mice correlated well with elastin-binding
protein expression. Moreover, elastin-derived peptides
(VGVAPG) stimulate differentiation, dendritogenesis, and
melanosome maturation in cultured melanocytes (29).
Recently, Hirobe and Enami (20) reported that in human
melanocytes, elastin peptides in the presence of ferrous
ferric chloride (FFC (30) regulate the oxidation and re-
duction status in cells, stimulate the functions of murine
and human keratinocytes, fibroblasts, and melanocytes in
vivo and in vitro) increase TYR activity, melanin content,
melanocyte proliferation, and epidermal melanin pig-
mentation. These studies suggest that the interaction be-
tween mammalian epidermal melanocytes/melanoblasts
and dermal elastin/elastin fibers may be important for
regulating melanocyte functions (Table 1).

3.3. HumanMelanocytesandElastin/Elastin Fibers inAbnormal
Skin

Recently, the relationship between human
melanocytes in the abnormal skin and elastin/elastin
fibers has been paid much attention, especially in dermal
melanocytosis (DM), melanoma, aged skin, vitiligoid
lichen sclerosus (VLS), annular elastolytic giant cell granu-
loma (AEGCG), elastophagocytosis (ELT), and vitiligo (VIT).
Vitiligo is the most frequent of these diseases, and the
affected lesions are caused by the absence of melanin and
melanocytes (19, 21, 28, 31-36, 38). Although the mechanism
of vitiligo development and repigmentation after pho-
totherapy and/or skin transplantation is still unclear (42,
43), melanocyte death by infiltrating CD8+ T lymphocytes
is one of the potent hypotheses (44). The other hypothesis
is that melanocyte death is due to the deficiency of growth
factors and cytokines released from the surrounding
tissue environments (45).

The classical study by Ono et al. (28) revealed that
in DM (abnormal proliferation of dermal melanocytes),
dendrites of dermal melanocytes are aligned along the
long axis of elastin fibers. Ntayi et al. (31) reported that
elastin fibers are contacted with melanoma, and one of
the proteases related to an invasion of tumor cells, matrix
metalloproteinase-2 (MMP-2), is increased in melanoma
cells cultured on elastin peptides-coated dishes. Tian et al.
(34) also reported that elastin peptides increase melanin
content, TYR activity, and mRNA levels of endothelin re-
ceptor B and c-kit in A375 human melanoma cells in cul-
ture. Endothelin and c-kit are mitogenic factors towards
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Figure 1. Histochemical sections of the dorsal skin of E14, E16, and E18 days of embryonic mice of strain C57BL/10JHir. A, C, E, Dopa-positive cells and cells positive to the
combined dopa-premelanin reaction; B, D, F, Are revealed at the basal layer of the epidermis. Magnification× 400

Table 1. Role of Elastin and Elastin Fibers in the Control of Melanocyte Function in the Normal and Abnormal Skin

No. Species Date a Ref. Skin Research Observation Result

1 Monkey 1985 (28) Normal Observation EM Dermal M interacts with EF

2 Human 1985 (28) DM Observation LM/EM Dermal M interacts with EF

3 Human 2004 (31) Melanoma Culture + EP BC/EM MMP-2↑, melanoma invasion↑, contact with EF

4 Mouse 2008 (29) Normal Embryonic skin LM EBP expression in Mb/M↑ as age advanced

5 Mouse 2008 (29) Normal Culture + EP LM/EM M Diff↑, dendritogenesis↑, melanin↑

6 Human 2008 (32) VLS Observation LM/EM EF↓

7 Human 2010 (33) ELT Observation LM EF↓

8 Human 2012 (34) Melanoma Culture + EP BC Melanin↑, TYR↑, mRNA of ETBR and c-kit↑

9 Human 2013 (35) AEGCG Observation LM ROS↑, CD3+ -, CD4+ -T cells↑, ELT↑, MMP-2↑, EF↓, M↓

10 Human 2014 (36) ELT Observation LM EF↓

11 Human 2019 (37) Normal Observation LM EF↓, Melanin in aged man↓

12 Human 2020 (19) VIT Observation LM EF↓, M/Mb = 0

13 Human 2022 (20) Normal FFC + EP LM M↑, EF↑

14 Human 2022 (21) VIT MEL/NB-UVB and/or ST LM M↑, EF↑

15 Human 2022 (38) VIT SW+UCB-MSCCS+EP+FFC LM M↑, EF↑

Abbreviations: Ref., reference; EM, electron microscopy; M, melanocyte; EF, elastin fiber; DM, dermal melanocytosis; LM, light microscopy; EP, elastin peptide; BC, bio-
chemistry; MMP-2, matrix metalloproteinase-2; EBP, elastin binding protein; Mb, melanoblast; Diff, differentiation; VLS, vitiligoid lichen sclerosus; ELT, elastophagocyto-
sis; TYR, tyrosinase; ETBR, endothelin receptor B; AEGCG, annular elastolytic giant cell granuloma; ROS, reactive oxygen species; VIT, vitiligo; FFC, ferrous ferric chloride;
MEL, monochromatic excimer light; NB-UVB, narrow-band ultraviolet light B; ST, skin transplantation; SW, skin wounding; UCB-MSCCS, umbilical cord blood-derived
mesenchymal stem cell culture supernatant; ↑, increase; ↓, decrease.
a Published year
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Figure 2. A, Keratinocyte stem cells; B, Melanocyte stem cells; and C, Differentiated melanocytes observed in the skin of mice of strain C57BL/10JHir. Keratinocyte stem cells
(arrows) detected by anti-K15 antibody are observed in E, the epidermis; and A, Hair bulges of the first telogen phase of 24-day-old mice; B, By contrast, melanocyte stem cells
(arrows) detected by anti-TRP2/DCT antibodies are observed in the hair bulges of the first telogen phase of 24-day-old mice; C, D, Hematoxylin and eosin staining of the skin of
the second anagen hair follicles of 35-day-old mice; C, Pigmented melanocytes are observed in the hair bulbs; D, Higher magnification of the second anagen hair follicles of
35-day-old mice shows pigmented melanocytes and mature melanosomes transported to surrounding keratinocytes. Magnification A, B,× 400; and C, D,× 800

melanocytes (1). Langton et al. (37) reported that the con-
tents of elastin fiber and epidermal melanin in the forearm
of the aged African-American volunteers were greatly re-
duced compared to the young ones. Similar observations
have been reported by Hirobe and Enami: Elastin fibers are
lower in the aged volunteers (20) than in the younger ones
(19, 21, 38). Langton et al. (37) and Hirobe et al. (19, 21, 38)
present an assumption that the disruption of elastin fiber
organization is detrimental to melanocyte function.

Roles of elastin fibers have been studied for the devel-
opment and repigmentation of VIT. Hirobe et al. reported
that elastin fibers but not collagen fibers are dramatically
decreased in the vitiliginous skin (19), and the decrease
of elastin fibers is completely restored after repigmen-
tation by phototherapy using monochromatic excimer
light/narrow-band UVB (MEL/NB-UVB) and/or skin (mini-

graft) transplantation (21). Moreover, the repigmentation
is greatly induced by the combined treatment of stem cell
culture supernatant, collagen peptides, elastin peptides,
FFC, mini-graft transplantation, and phototherapy using
MEL/NB-UVB (38). In the repigmented skin, elastin fibers
become thicker and denser and reach the basal layer of the
epidermis through the basement membrane (21).

These observations suggest direct contact between
melanoblasts/melanocytes/melanoma and elastin fibers.
Thus, the downregulation of elastin/elastin fibers may in-
duce VIT, whereas their upregulation may induce VIT repig-
mentation. This hypothesis seems to be supported by the
assumption that the destruction of elastin fibers induces
immune infiltrate (CD8+ T cells) followed by vitiligo devel-
opment, and the construction of elastin fibers inhibits im-
mune infiltrate followed by repigmentation in the VIT skin
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Figure 3. A, B, Histochemical sections of the thumb’s skin derived from a 53-year-old woman. A, The dopa reaction revealed many melanocytes (arrows) with dendrites in the
basal layer of the epidermis; and B, The combined dopa-premelanin reaction revealed melanocytes and melanoblasts; C, D, Melanoblasts (short arrows) are lightly stained,
while melanocytes (long arrows) are darkly stained. Histochemical sections of the face skin of a 9-year-old boy; C, There is no dopa-positive melanocyte in the outer root sheath
of hair follicles; D, By contrast, the combined dopa-premelanin reaction revealed many melanoblasts (arrows) in the outer root sheath of hair follicles; In the dermis of the
buttocks of a 20-year-old lady, well-developed E, collagen; and F, elastin fibers are observed. Some of the elastin fibers penetrated the basement membrane of the epidermis.
Magnification× 400

because the decrease and increase of elastin fibers in VIT
skin well correlate with the melanocyte loss and redifferen-
tiation, respectively. The proliferation and differentiation
of melanocytes may be closely related to elastin fiber devel-
opment in the normal and abnormal dermis. The regener-
ation of elastin fibers may inhibit the infiltration of CD8+
T cells, whereas the degradation of elastin fibers may facil-
itate their infiltration.

The mechanism leading to elastin fiber degradation
in abnormal circumstances, such as AEGCG (35) and ELT
(36), includes degradative enzymatic processes. It has been
shown that reactive oxygen species (ROS) and other free
radicals (FR) are increased in VIT (35). Also, ROS and FR may
increase the expression of MMPs, reducing elastin fibers.
The reduced elastic fibers may then induce inflammation
with granuloma formation. The inflammation then in-
duces ELT (36), like AEGCG, developing on the vitiliginous
skin (35). Moreover, VLS, an autoimmune disease with a de-
pigmentation area, changes elastin fibers. This disease is
associated with VIT in many cases (32). Therefore, VLS is
similar to VIT clinically, but VLS possesses the characteris-
tics of VIT and LS histologically.

The inflammation in LS is thought to be triggered

against melanocytes in a similar tendency as VIT (32). In
LS lesions, elastin fibers are also degraded (33). The loss
of elastin fibers in LS lesions may be due to enzymatic di-
gestion mediated by inflammatory cells and/or ELT, which
is a kind of phagocytosis of normal and abnormal elastin
fibers by histiocytes and multinucleated giant cells (33).
The normal elastin fibers seem to be phagocytosed by
macrophages, followed by the reduction of elastin fibers.
The reduction may activate macrophages, resulting in ELT.
Taken together, elastin fiber reduction in VIT seems to be
due to enzymatic degradation such as MMP-2 and/or ELT
(35). However, these hypotheses remain to be investigated
in detail in a future study.

4. Conclusions

Elastin and elastin fibers are thought to be involved
in regulating the functions of mammalian melanocytes
in normal and abnormal skin because in the dermis
of aged skin, VLS, ELT, AEGCG, VIT, elastin fibers, and
melanocytes are greatly reduced or lost. In addition, in the
DM, melanoma, and repigmented skin after phototherapy
and/or skin transplantation, elastin fibers are completely
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recovered, and melanocyte redifferentiation and melano-
genesis are greatly induced. The interaction between
elastin fibers and epidermal and dermal melanocytes
has been observed in the skin of animals and humans.
Moreover, elastin peptides stimulate the differentiation of
murine and human melanoblasts/melanocytes. Overall,
elastin/elastin fibers seemingly regulate melanocyte differ-
entiation and survival in normal and abnormal circum-
stances such as skin diseases.
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