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Medical Hypothesis
The contribution of melanocytes to pathological scar
formation during wound healing
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Abstract: Both hypertrophic scars and keloid scars are caused by abnormal wound healing, the key feature of which
is excess collagen fiber secretion by fibroblasts. Many different factors could affect the process of hypertrophic scar
and keloid formation, but most have not been identified to date. We assume that, during wound healing, melanocytes from the stratum basale contact or interact with fibroblasts from the dermal layers after the basal membrane
is damaged, which in turn facilitates fibroblast proliferation and the secretion and deposition of collagen. This plays
a significant role in the generation of hypertrophic scars and keloids.
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Introduction
One potential result of skin wound healing is
the formation of a pathological scar, i.e., a
hypertrophic scar or keloid. Pathological scars
are one of the most difficult lesions for plastic
surgeons to address, and multiple genetic factors (including race and complexion) and individual or environmental factors are considered
to contribute to pathological scar formation.
There is a relationship between pathological
scar formation and skin color, as supported by
the following phenomena: (1) the incidence of
keloid formation in black people is much higher
than that in other races, and five to fifteen
times higher than that in white people; (2)
patients who suffer from albinism rarely develop keloids; (3) the incidence of pathological
scarring varies across different parts of the
body even in the same individual; for example,
fewer keloids develop in the palm and thenar
eminence, where melanocytes are less common; and (4) adolescents and pregnant women,
who are subjected to increased hormone secretion and skin pigmentation, are more susceptible to developing keloids [1]. All of these factors
indicate that pathological scarring has a close
relationship with melanin pigmentation, but
only a few studies have addressed this
association.

Under normal conditions, melanocytes, which
are located in the basal layer of the skin, do not
proliferate and do not express cytokines related
with themselves. When wounds occur, the damaged epidermal tissue leads to changes in the
microenvironment of local skin, inducing the
proliferation of melanocytes and the formation
of melanin. These cells migrate to the injured
area due to the influence of many cytokines [2].
At the same time, the basement membrane is
broken when the epidermal layer is injured, and
neonatal granulation tissue and proliferative
fibroblasts grow upwards to fill the injured area.
During this process, fibroblasts contact the
melanocytes that are migrating from the basement membrane of the injury border and subsequently begin to proliferate.
As a result, it can be assumed that contact
between melanocytes from the epidermis and
fibroblasts from the dermis play a significant
role in the formation of pathological scars.
Hypothesis
We propose that, during wound healing, melanocytes from the basal layer of the epidermis
migrate to the damaged area and encounter
the proliferative fibroblasts from the dermis and
that this encounter stimulates some action or
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Figure 1. Microscope observation (40×) of fibroblasts co-cultured with melanocytes at 2, 5, 8 days (A-C) and its
control group (D-F). G. MTT test showed that the growth and proliferative capacity of co-cultured fibroblasts was
higher than that of the control group (fibroblasts alone).

interaction. Interactions between these cells
promote fibroblast proliferation and increase
collagen secretion, while activating transforming growth factor-β (TGF-β) signal transduction
and enhancing its expression level. Consequently, pathological scarring is induced.
We further assume that the number and activity of melanocytes in the skin play an important
role in pathological scar formation. It is wellknown that the incidence rate of keloids in
black individuals is much higher than that in
white individuals. Furthermore, areas on the
body surface that contain higher concentrations of melanocytes are much more suscepti-
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ble to keloid formation than areas with fewer
melanocytes. Both of these phenomena can be
considered to be related to differences in the
number, distribution and activity of the melanocytes in different parts of the skin.
Fibroblasts and TGF-β
It is well known that fibroblasts play a key role in
the formation of pathological scars; these cells
propagate in a large number, and they facilitate
the excretion and deposition of collagen fiber
[3, 4]. However, the proliferative capacity of the
fibroblasts and their collagen secretory activity
are regulated by many cytokines, such as
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Figure 2. PCR for Collagen I (A) and TGF-β1 (B) mRNA of (M: DNA marker; 1: experimental group; 2: control group);
Relative gray scale values of Collagen I (C) and TGF-β1 (D) mRNA showed the growth and proliferative capacity of
co-cultured fibroblasts was higher than that of the control group (fibroblasts alone).

growth factors, lymphokines, monokines, colony-stimulating factor, interleukin, and interferon. Among these, transforming growth factor-β
is the most significant factor in the literature.
TGF-β plays a crucial role in regulating the
wound healing process. This molecule can promote the division and proliferation of fibroblasts, facilitate the synthesis of collagen protein and suppress collagenase activity.
Simultaneously, it increases the secretion and
deposition of extracellular matrix proteins [5-7].
A considerable number of studies have shown
that fibroblasts in hypertrophic scars and
keloids contain significantly more TGF-β and
TGF-β receptors than normal skin and common
fibroblasts [7-9]. The biological effects of TGF-β
are regulated by a special intracellular signal
transduction pathway. The levels of P-Smad2
and P-Smad3 (P-Smad2/3), which represent
the activated pattern of Smad expression, can
reflect the degree of TGF-β signal transduction
directly [10]. During the formation of pathological scars, both TGF-β and other molecules in its
signal transduction pathway are highly expressed and contribute to the formation of pathological scars.
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The effect of melanocytes on fibroblasts in
wound healing
As mentioned above, the basal membrane of
the epidermis is damaged during the wound
healing process. After the inflammatory exudation, hyperplasia and renovation stages, fibroblasts proliferate abundantly, and granulation
tissue fills the wound and grows upwards.
Therefore, fibroblasts could come into contact
with melanocytes from the basal layer of the
undamaged area, and these cells may affect
each other to some extent. This action or interaction could result in scarring, changes in pigmentation, and other phenomena.
How can this Intercellular action and its concrete effects be confirmed? Muriel et al showed
that active factors secreted by fibroblasts play
a dominant role in the proliferation of melanocytes and in the synthesis and degradation of
melanosomes [11]. Meanwhile, Taylor et al
found that α-melanocyte-stimulating hormone
(α-MSH), which is produced by melanocytes in
the skin, could increase the secretion of TGF-β
and inhibit the production of IFN-α by activating
T cells, thus stimulating the multiplication of
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Figure 3. Immunohistochemical study of P-Smad2/3 expression in co-culture fibroblasts (A: Experimental group;
B: Control group; C: Blank group). P-Smad2/3 protein staining was significantly enhanced in co-cultured fibroblasts
compared to control group (fibroblasts alone).

fibroblasts [12, 13]. Moreover, in vitro studies
have confirmed that α-MSH could promote the
growth and generation of fibroblasts in a keloid
cultured in vitro and stimulate the secretion of
TGF-β1.
Taken together, the results of these studies
both indicate that melanocytes have a direct
impact on fibroblasts. Previous experiments
showed that the supernatant of in vitro cultured
proliferating melanocytes significantly stimulated proliferation and DNA synthesis in hypertrophic scar fibroblasts [2]. In our experiment,
we co-cultured melanocytes and fibroblasts in
vitro, keeping the cells in separate chambers of
a Millicell culture plate. The base of Millicell culture plate was PET film, which has a the pore
size of 1 μm, which allowed a variety of protein
molecules and cytokines to be exchanged freely between compartments. The upper chamber
contained melanocytes, and the lower chamber contained fibroblasts. We observed the
cells after 2, 5, and 8 days in the co-culture system and found that the fibroblasts in co-culture
grew and proliferated more quickly than the
fibroblasts in the control group. There were
some overlaps between cell synapses, and
cells typically reached up to 80% confluence
within 5 or 8 days. The MTT test showed that
the growth and proliferative capacity of co-cultured fibroblasts was higher than that of the
control group (Figure 1); i.e., the melanocytes
stimulated the growth of the fibroblasts.
Furthermore, we collected the co-cultured
fibroblasts on the 8th day and measured the
mRNA expression of type I collagen and TGF-β1
by RT-PCR. The type I collagen and TGF-β1 levels were significantly higher in co-cultured fibroblasts than in the control group. We also tested
the expression of P-Smad2/3 proteins in the

612

co-cultured fibroblasts by immunohistochemical staining (Figure 2). P-Smad2/3 protein
staining was significantly enhanced in co-cultured fibroblasts compared to controls (Figure
3). All of these results proved that melanocytes
could stimulate fibroblast growth, proliferation,
and collagen synthesis, leading to the emergence and development of pathological scarring. The activation of the TGF-β signaling pathway may be the main mechanism underlying
this phenomenon.
Conclusions
Melanocytes can stimulate the growth and proliferation of fibroblasts, increase collagen synthesis and extracellular matrix deposition, activate the TGF-β signaling pathway, and promote
the development of pathological scarring,
dependent on melanocyte number, distribution
in the skin, activation status, and other factors.
However, more detailed and in-depth experiments will be necessary to clarify and confirm
the specific roles played by these factors during
the process of scar development.
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