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Abstract
Autologous melanocyte transplantation for vitiligo treatment by use of melanocyte suspension has drawbacks including cell damage in
cell preparation and transportation, difﬁcult manipulation and low engraftment rate in acral vitiligious lesions. We have proposed the
concept of cellular patch as an alternative solution. In the development of melanocyte patches, we have shown that chitosan membrane
supports the growth and phenotype expression of melanocytes. Surprisingly, melanocytes spontaneously grow into three-dimensional
spheroids on chitosan-coated surface. In this work, we demonstrate that, compared with monolayered melanocytes, melanocyte
spheroids show a better survival in growth factor and serum-deprived condition. Survival of melanocytes is further ameliorated when a
greater portion of melanocytes is precultured into spheroidal morphology. Melanocyte spheroids disintegrate and the cells return to a
physiological dendritic morphology after they are reinoculated on collagen I-coated surface. Our results show that melanocytes are
morphologically transformable depending on the substratum used and spheroidal melanocytes have a superior survival to that of
monolayered dendritic melanocytes in stringent conditions. Preculturing melanocytes into spheroids can provide melanocytes a survival
advantage. Chitosan-based melanocyte patch can be a promising method to enhance the engraftment rate and facilitate the cell
preparation and transplantation procedures in melanocyte transplantation for vitiligo treatment.
r 2005 Elsevier Ltd. All rights reserved.
Keywords: Melanocytes; Spheroids; Chitosan; Vitiligo; Cellular patch; Cell survival

1. Introduction
Vitiligo, a common acquired depigmented disease is
characterized by destruction of functional melanocytes in
the epidermis [1,2]. Non-invasive treatment for vitiligo
includes topical steroid, psoralen plus UVA (PUVA),
narrow-band UVB, and low energy laser irradiation
[1–3]. These treatments are aimed at reactivating dormant
melanocytes, presumably located in the hair follicle, to
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repopulate the depigmented epidermis [1,4–6]. In difﬁcult
cases, autologous melanocyte transplantation using cultured melanocytes has been used [2,7–10]. In the preparation of cells for transplantation, the cells are trypsinized
into suspension. The cell suspension is then applied on the
dermabraded depigmented lesions during transplantation.
However, difﬁculty in handling the melanocyte suspension
and variable successful repigmentation rates is often
encountered. For example, it takes efforts to evenly spread
melanocytes on the lesions during transplantation. When
the lesional skin is rugged, seeding and secure attachment
of melanocytes onto the skin is very challenging. Further,
the success rates for repigmentation for lesions on acral
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parts and perioriﬁcial areas are very disappointing [2,10].
Correction of depigmentation on these areas is of invaluable cosmetic, psychological and social signiﬁcance.
To overcome drawbacks using melanocyte suspension,
the concept of using tissue-engineered ‘‘cellular patch’’ for
melanocyte transplantation has been proposed in our
previous publication [11]. The cellular patch is made by
preculturing melanocytes on a biomaterial membrane and
the biomaterial-melanocyte patch can be used to cover the
lesional sites with an upside-down orientation during
transplantation. It can simplify the process in preparing
cells for transplantation and also facilitate the transplantation procedures. In the development of melanocyte patch,
we have shown that chitosan is a good candidate for use as
the membranous part of the patch [11]. It supports the
growth and phenotype expression of human melanocytes
[11]. Similar to neuron cells, human melanocytes adopt a
dendritic morphology both in vivo and in conventional
culture condition [12]. Surprisingly, human melanocytes
formed three-dimensional multicellular spheroids on chitosan-coated surface when an appropriate seeding density
was used [11]. Up to this point, the biological function of
the melanocyte spheroid was unknown.
In this work, we demonstrate that human melanocytes
have a better survival in growth factor and serum deprived
condition when they are precultured into multicellular
spheroids on chitosan-coated surface. The enhanced survival
is further ameliorated when a greater portion of melanocytes
is cultured into spheroidal morphology before growth factor
and serum are deprived. Further, spheroidal melanocytes
grow back into physiological dendritic melanocytes when
they are re-inoculated on collagen I-coated surface. Hence,
chitosan-based melanocyte patch can be a promising
method to enhance the engraftment rate and facilitate the
cell preparation and transplantation procedures in autologous melanocyte transplantation for vitiligo treatment.
2. Materials and methods
2.1. Preparation of culture wells coated with chitosan
A 15 mg/ml (W/V) solution of chitosan (C-3646, Sigma, USA,
Mn ¼ 810, 000 gm/mole, degree of deacetylation ¼ 85%) was prepared
by dissolving chitosan in 1 M acetic acid. For preparing chitosan-coated
wells, 0.5 ml of chitosan solution was added into each well of 24-welled
tissue culture polystyrene plates (Costar, USA). The solution was then
allowed to dry at 50 1C for 2 days to form a thin membrane. Each well was
then neutralized by 0.1 N NaOH aqueous solution for 15 min and washed
thoroughly with double-distilled water. Before cell culture, the prepared
chitosan-coated wells were sterilized in 70% alcohol overnight and rinsed
extensively with phosphate buffered saline (PBS), followed by treatment
under ultraviolet light overnight. As controls, uncoated polystyrene wells
were treated by the same way as chitosan-coated wells.
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Declaration with respect to human subjects in biomedical research. Human
melanocytes are cultured using modiﬁed melanocyte medium (MMM) as
previously described [11]. Passage 1 or 2 melanocytes are detached by
trypsinization before seeding. Cells were seeded evenly in the wells at the
density of 25  103/cm2 in the following experiments unless stated otherwise.
To investigate the survival of melanocytes in serum starvation condition,
the cells were ﬁrst cultured in the chitosan-coated wells using MMM. In
control groups, uncoated tissue culture polystyrene wells were used. The
culture medium was aspirated and the cells were rinsed twice with PBS
before the medium was changed to starvation medium DMEM (DMEM,
BIOSOURCE INC., USA) at indicated times described in the result.
It has been shown that growth factor withdrawal induces death of human
melanocytes [13]. Qualitative and quantitative determination of melanocyte
death during growth factor and serum deprivation was performed using 7Aminoactinomycin D (7-AAD) staining and lactate dehydrogenase efﬂux
assay at indicated times [14,15]. For 7-AAD staining, cells in the supernatant
were collected by centrifugation and cells attached to the culture wells were
obtained by trypsinization. The total cells collected from the same well were
mixed and rinsed with PBS twice and then incubated in 7-AAD (Sigma,
USA) solution (1 mg/ml in PBS) for 20 min at 4 1C in the dark. The cells
were collected by centrifugation and then rinsed thoroughly with PBS twice.
Then the cells were transferred to a precoated glass slide. The cells were
inspected and photographed with a Nikon ﬂuorescence microscopy. For
determination of lactate dehydrogenase released by dead cells into the
medium, lactate dehydrogenase efﬂux assay using the supernatant was
performed by use of a cytotoxicity detection kit at indicated times according
to the product manual (Cytotoxicity Detection Kit, Cat. No. 1644793,
Roche, Germany). The lactate dehydrogenase efﬂux was determined by the
optical density at 490 nm obtained from an enzyme-linked immunosorbent
assay (ELISA) plate reader (ELx800, BIOTEK).
Quantitative analysis of cell survival was determined by MTT assays at
the indicated times [11,16], because counting of cells in the spheroids involves
vigorous mechanical dissociation which damages the cells and results in a
lower accuracy than automated quantiﬁcation. The 300-ml MTT (Sigma,
USA) solution (2 mg/ml in PBS) was added to each well. After 3 h
incubation at 37 1C, the supernatant was discarded and dimethyl sulfoxide
(Merck, Germany) of 200 ml was added to dissolve the formazan crystals.
The dissolvable solution was jogged homogenously for 15 min at room
temperature by the shaker. The solution of each well was transferred to an
eppendorf and was centrifuged at 1500 r.p.m. for 1 min to remove any
possible melanocytes contaminated in the solution. The optical density of
100 ml of the formazan solution was read on an ELISA plate reader (ELx800,
BIOTEK) at 570 nm. For morphological observation, the cells are also
photographed by digital camera coupled to a phase contrast microscopy.

2.3. Behavior of melanocyte spheroids on collagen-coated surface
Because transplanted melanocytes make direct contact with dermabraded dermis which is composed mainly of collagen I, we investigated the
behavior of melanocyte spheroids on the collagen I-coated surface. Glass
coverslips were coated with collagen I as previously described [17]. After
cultured on chitosan-coated wells for 5 days when melanocytes formed
compact spheroids, the melanocyte spheroids were removed from
chitosan-coated wells by use of a pipette carefully without disturbing the
spheroids. The spheroids were transferred to a tissue culture well
containing a coverslip pre-coated with collagen I and then cultured in
MMM. The morphology of the cells were photographed under phase
contrast microscope at indicated times.

3. Results

2.2. Cell culture, cell death assays and cell survival assays

3.1. Survival advantage of melanocyte spheroids in growth
factor and serum deprived condition

Human melanocytes were provided by cell bank of Department of
Dermatology, National Taiwan University Hospital. The study protocol was
approved by our Institutional Review Board. We conformed to the Helsinki

When melanocytes were cultured on chitosancoated wells, they formed multicellular spheroids on day
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3 (Figs. 1(a), (b)) and larger and more compact spheroids
were observed on day 5 (Figs. 1(c), 1(d)). Compared with
cells on day 3, monolayered dendritic melanocytes distributed between the spheroids decreased on day 5. On the
contrary, no spheroid formation was observed in the
melanocytes cultured on tissue culture polystyrene plate
after incubation for 5 days (Fig. 1(e)).
The cells precultured in MMM on chitosan-coated wells
for 3 days (Chi3) and 5 days (Chi5), respectively, were used
in determination of survival upon growth factor and serum
deprivation. In the control group, cells precultured in
MMM on tissue culture polystyrene plate for 3 days
(TCP3) and 5 days (TCP5) were used. Qualitative
determination of melanocyte death was performed using
7-AAD staining on day 5. Quantitative determination of
melanocyte death was performed using lactate dehydrogenase efﬂux test on day 5, day 7 and day 9 after serum

starvation. Baseline data of the two tests were obtained
from each group just before the culture medium was
changed to starvation medium. In 7-AAD staining,
increased dead cells were seen in all 4 groups on day 5 as
compared with baseline data. The representative pictures of
Chi5 cells after serum starvation for 5 days are shown in
Fig. 2. Dead cells are permeable to 7-AAD and their nuclei
are stained red under ﬂuorescence microscopy (Fig. 2(b)).
The result of lactate dehydrogenase efﬂux test was shown
in Fig. 3 as optical density. In Fig. 3(a), signiﬁcantly lower
lactate dehydrogenase efﬂux was observed in melanocytes
precultured on chitosan-coated wells for 3 days (Chi3) as
compared with the cells precultured on tissue culture
polystyrene plate for 3 days (TCP3) at all indicated times.
It indicates that less cell death was induced in melanocytes
precultured on chitosan-coated surface for 3 days. A
similar result was observed in melanocytes precultured for

Fig. 1. Morphology of melanocytes precultured on chitosan-coated wells and tissue culture polystyrene wells. (a, b) Melanocyte spheroids can be observed
on chotisan-coated wells on day 3. (c, d) Larger and more compact melanocyte spheroids form on chotisan-coated wells on day 5. (e) Melanocytes remain
monolayred on tissue culture polystyrene wells on day 5. (Phase contrast, bars 200 mm.)
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Fig. 2. Light and ﬂuorescence micrographs of 7-AAD stained Chi5 melanocytes after 5 days in serum deprived condition. (a) Light micrograph of Chi5
cells. (b) The same ﬁeld under ﬂuorescence microscopy and nuclei of dead cells are stained red. (Bars 50 mm).

Fig. 4. Survival indices of melanocytes after serum starvation for 5, 7 and
9 days. (TCP5: melanocytes precultured on tissue culture polystyrene wells
for 5 days before serum starvation; Chi3: melanocytes precultured on
chitosan-coated wells for 3 days before serum starvation; Chi5:
melanocytes precultured on chitosan-coated wells for 5 days before serum
starvation). Error bars reﬂect SEM from three or four independent
experiments and cells were derived from the same donor foreskin in all
experiments. Student’s t test was performed for comparison as indicated.
( po0:001;  po0:0001; NS: non-signiﬁcant).

Fig. 3. Lactate dehydrogenase efﬂux assay of melanocytes after serum
starvation for 5, 7 and 9 days. (a) At all indicated times during serum
starvation, less lactate dehydrogenase efﬂux was observed in cells
precultured on chitosan-coated wells for 3 days (Chi3) as compared with
that precultured on tissue culture polystyrene wells for 3 days (TCP3). (b)
Similarly, less lactate dehydrogenase efﬂux was revealed in cells
precultured on chitosan-coated wells for 5 days (Chi5) as compared with
that precultured on tissue culture polystyrene wells for 5 days (TCP5) at all
indicated times. Error bars reﬂect SEM from three or four independent
experiments and cells were derived from the same donor foreskin in all
experiments. Student’s t test was performed for comparison and each p
value is shown in the ﬁgure.

5 days on chitosan-coated wells (Chi5) and tissue culture
polystyrene plate (TCP5) (Fig. 3(b)). Hence, monolayered
melanocytes precultured on tissue culture polystyrene plate
are more liable to death induced by growth factor and
serum deprivation as compared with cells precultured on
chitosan-coated surface.
Quantitative analysis of cell survival was performed
using MTT tests 5, 7, and 9 days after the medium was
changed to starvation medium. MTT test was also
performed in each group just before the medium was
changed to starvation medium as baseline value. A survival
index is deﬁned as the proportion of absorbance
value at 570 nm at each indicated time to the baseline
absorbance value at 570 nm of each group. The result is
shown in Fig. 4. Quantitative comparison of survival
indices of TCP5 and Chi3 on day 5, day 7 and day 9
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after growth factor and serum deprivation reveals that
the survival of Chi3 cells is superior to that of TCP5
cells at all indicated times. The survival index of TCP5
continues to decrease as long as the cells are kept in
erum starvation condition, indicating a deteriorating trend
of cell survival in the TCP5 group with time. On the
contrary, the survival index of Chi3 only slightly decrease
from day 5 to day 7 and remains almost unchanged from
day 7 to day 9.
In addition, it is noted that the survival index of Chi5 is
signiﬁcantly greater than that of Chi3 from day 7 to day 9
(Fig. 4). On the contrary to that of Chi3, survival index of
Chi5 does not decrease from day 5 to day 7. Instead,
survival index of Chi5 slightly increases from day 5 to day
9, suggesting that, even in serum-deprived condition, Chi5
cells not only can survive but also have the ability to grow.
Overall, in comparison with monolayered dendritic melanocytes, spheroidal morphology render melanocytes advantageous in survival and the larger the spheroid, the
more signiﬁcant the advantage. Hence, melanocytes precultured on chitosan-coated surface for a longer period
have a more superior survival advantage in serum
starvation condition.

3.2. Spheroidal melanocytes remain an aggregated
morphology in growth factor and serum deprived condition
The morphology of Chi3 cells before and during serum
starvation is shown in Fig. 5. Morphology of TCP5 cells is
also shown for comparison. Compared with the morphology of melanocytes before serum deprivation (Fig. 5(a)),
monolayered cells between the spheroids are greatly
reduced after starvation for 1 day (Fig. 5(b)). It is possible
that serum starvation may accelerate the transformation of
monolayered melanocytes into spheroids on chitosancoated surface. However, it may be that cells in a
monolayered morphology on chitosan-coated surface are
more vulnerable to serum deprivation and detach from
chitosan-coated surface when they are no longer viable
after starvation for 1 day. Hence, a larger proportion of
cells in monolayered morphology may attenuate the overall
survival of Chi3 cells as compared with that of Chi5 cells.
From day 1 to day 5, melanocyte spheroids became larger
(Figs. 5(b)–(d)), presumably due to mergence of melanocyte spheroids formed on day 1. On the contrary, cells of
TCP5 remained monolayered during the serum deprivation
period for 3 days (Fig. 5(f)) and cells progressively

Fig. 5. Cell morphology of Chi3 and TCP5 cells in serum-deprived condition. (a) Chi3 cells before serum deprivation. (b) Chi3 cells 1 day after serum
deprivation. (c) Chi3 cells 3 days after serum deprivation. (d) Chi3 cells 5 days after serum deprivation. (e) Chi3 cells 7 days after serum deprivation. (f)
TCP5 cells 3 days after serum deprivation. (g) TCP5 cells 7 days after serum deprivation. (Phase contrast, bars 200 mm.)
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detached from the culture plates as they stayed longer in
serum deprivation (Fig. 5(g)). This corresponds to the
decreasing trend of survival of TCP5 cells in Fig. 4. The
spheroids become partially disintegrated on the periphery
on day 7 (Fig. 5(e)), suggesting that cells at the spheroidal
surface might lose viability from day 5 to day 7. This
conclusion was compatible with the result in Fig. 4 in
which the survival index of Chi3 decreased from day 5 to
day 7.
3.3. Melanocyte spheroids are capable of growing into
monolayered dendritic melanocytes when they are
reinoculated on collagen I-coated surface
The morphology of melanocyte spheroids reinoculated
on collagen I-coated surface is shown in Fig. 6. After
reinoculated on collagen-coated surface, monolayered
dendritic melanocytes gradually grew out from the spheroids and the spheroids gradually disintegrated. This further
demonstrates that spheroidal melanocytes are viable and
morphologically transformable depending on the substratum used. This is of physiological signiﬁcance in terms of
melanocyte transplantation. Since collagen I is the major
component of dermis, melanocyte spheroids will directly
contact collagen I in the exposed dermis of dermabraded
depigmented skin in transplantation. Hence, spheroidal
melanocytes will grow back to its physiological dendritic
morphology after being in contact with dermis.
4. Discussion
Melanocytes, derived from neural crest, migrate to skin
in early embryonic stage [18–20]. Usually, melanocytes are
not able to secrete growth factors by themselves [1,12]. The
function and survival of melanocytes in the epidermis
depends on supporting signals and trophic factors from the
surrounding cells and environment [12,21–29]. Keratinocytes play a major role in regulating the function and
growth of melanocytes by direct contact and via secretion
of growth factors including basic ﬁbroblast growth factor
(bFGF), nerve growth factor, endothelin 1 [21–23].
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Cultured melanocytes are also highly dependent on
external stimuli for growth and survival [1,12].
Low engraftment efﬁciency remains a main problem in
treating acral and perioriﬁcial vitiliginous lesions using
melanocyte suspension transplantation [2,10]. Though the
detailed process of initial engraftment of transplanted
melanocytes to the recipient sites is not fully characterized,
it is suggested that acral skin, compared with skin of other
part of the body, is less capable of maintaining transplanted melanocytes [2]. There are several possible factors
affecting the survival of transplanted cells using melanocyte suspension. First, melanocytes might be damaged
during the cell suspension preparation procedures. Typsinization and mechanical agitation to suspend the cells can
injure melanocytes before transplantation. Second, the
condition of melanocytes will deteriorate when they are
kept in suspension. A variety of cells undergo apoptosis
(anoikis) when they are kept in suspension [30,31]. Anoikis
can be a problem in melanocyte transplantations when cell
suspension is used. This point has been emphasized in
other transplantations using cell suspension. For example,
in cell preparation for hepatocyte transplantation, it has
been shown that loss of anchorage triggers apoptosis in
primary hepatocytes within 15 min [32]. During melanocyte
transplantation, it takes time for the cell and skin
preparation before melanocyte suspension is applied on
the dermabraded skin. The initial attachment of melanocytes to the recipient area cannot be ensured using cell
suspension. Therefore, melanocyte survival will be curtailed by loss of anchorage for such a long time. Third, the
growth condition in the recipient area is stringent for
melanocytes. In preparation of melanocyte suspension, the
growth factors and trophic factors are removed from the
medium. The dermabraded area is initially deﬁcient in
keratinocytes that play a major role as a supporter for
melanocyte survival in physiological conditions. Without
exogenous trophic factors and survival signals from
keratinocytes, the condition is very stern for melanocyte
growth.
How to provide a ‘‘survival advantage’’ is critical in
promoting the rates of successful engraftment. It has been

Fig. 6. Changes of cell morphologies of melanocyte spheroids on collagen I-coated surface. (a) Morphology of melanocyte spheroids immediately after
they were reinoculated on collagen I-coated surface. (b) Melanocytes spheroids gradually disintegrated and grew into monolayered dendritic cells 3 days
after reinoculated on collagen I-coated surface. (Phase contrast, bars 200 mm.)
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shown that better healing and tissue regeneration can be
achieved by adding exogenous growth factors [33–36].
However, extremely high doses of growth factors should be
provided owing to rapid clearance and degradation of
growth factors in vivo, making this method uneconomical.
In melanocyte transplantation, we can also be confronted
by difﬁculties in determining the optimal concentration of
growth factors and maintaining therapeutic concentration
in vivo. Another method to yield survival advantage can be
theoretically achieved by enhancing the expression of
growth factors by the transplanted cells themselves.
However, this is potentially hazardous in the case of
melanocytes because it has been shown that genetically
engineered melanocytes overexpressing growth factors can
be transformed to a phenotype similar to melanoma [37].
It has been reported that death is gradually induced in
human melanocytes when trophic factors are withdrawn
(but in the presence of serum factors) [13]. To simulate the
stringent conditions melanocytes may encounter during
transplantation, both trophic factors and serum are
deprived in our experiment to investigate the survival
behavior of melanocyte spheroids. Our results show that
melanocytes precultured on chitosan-coated surface have a
superior survival to that of monolayered melanocytes in
serum starvation. This enhanced survival is associated with
the morphological transformation from monolayered
dendritic cells into multicellular spheroids, indicating that
the survival advantage of transplanted melancoytes can be
achieved by preculturing melanocytes on chitosan-coated
surface without genetic manipulation and the addition of
trophic factors into the transplantation sites. This is of
great potential in clinical application for its convenience
and economy.
We also demonstrate that melanocytes have two interchangeable morphologies according to the substratum
used. Spheroidal morphology can enhance the survival of
melanocytes during transplantation and melanocytes can
spontaneously change back to a dendritic morphology
similar to that in physiological condition after contacting
collagen I, the major extracellular matrix of dermis. As we
suggested, the morphology of melanocytes may depend on
two competing forces: cell–cell interaction and cell–substratum interaction [11]. Therefore, the interaction between
collagen I and melanocytes should be stronger than that
between chitosan and melanocytes.
The mechanism for superior survival of melanocyte
spheroids is currently unknown. We have previously shown
that increased cell density enhanced the survival of neurons
in stringent conditions via autocrine or paracrine secretion
of growth factors [38]. It has also been shown that intimate
intercellular contact in cell clusters can enhance the growth
factor secretion in cancer cell lines [39]. We are currently
analyzing the possible role of secreted growth factors by
melanocyte spheroids themselves in the enhanced survival.
In addition to cell survival, a number of difﬁculties in
manipulation of cell suspension during melanocyte transplantation remain to be solved. Cell suspension is incon-

venient for use. It is difﬁcult to uniformly spread
melanocytes on the recipient site. It takes time when the
lesion is extensive or very rugged. Another challenge is the
control of concentration of cell suspension. With higher
content of ﬂuid, the suspension tends to ﬂow out of the
dermabraded area or accumulate on focal dented areas of
the recipient site. On the contrary, when the ﬂuid content in
the cell suspension is diminished, it is difﬁcult to uniformly
spread cells on the recipient site; the suspension will easily
dry out and compromise the survival of transplanted cells.
Furthermore, during melanocyte transplantation, the constant contact and attachment of melanocytes to the
recipient skin cannot be ensured using cell suspension.
This point is more obvious in acral and perioriﬁcial lesions
where the skin is constantly motile and may contribute in
part to the disappointingly low engraftment rates in these
areas. These drawbacks will not be encountered by use of
melanocyte patch. The transplantation procedures can be
facilitated because the transplantation can be easily
completed by applying the patch to the dermabraded area.
The attachment of transplanted cells to the dermabraded
area is more secured in this way. In highly motile sites, the
patch can be anchored to the skin by use of appropriate
dressings, bandages or even sutures.
Using chitosan-based melanocyte patch for melancoyte
transplantation has other advantages as well. No trypsinization is needed during the cell preparation before
transplantation. It not only simpliﬁes the cell preparation
but also reduces possible damage to the cells by trypsinization and loss of anchorage. Insulation from the environment by chitosan membranes provides transplanted cells a
more favorable growth condition. In addition, chitosan can
enhance the skin wound healing and reduce the recovery
period for the patient [40–43]. The antimicrobial property
of chitosan may reduce the possible infection during
transplantation [44]. Its transparency also makes it easier
to monitor the cell behavior and possible contamination
during culture period and after transplantation.
5. Conclusion
We have succeeded in providing melanocytes survival
advantage in stringent conditions by preculturing melanocytes into melancoyte spheroids on chitosan-coated surface. This method is convenient and very economical since
trysinization procedures and exogenous growth factors are
not needed. Chitosan-based melanocyte patch can be a
promising method to facilitate the transplantation procedures and improve engraftment rates in melanocyte
transplantation.
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