INVESTIGATIONS ON NORMAL HUMAN ADULT EPIDERMAL MELANOCYTES

Bernadett Kormos

Ph. D. dissertation

2011

Supervisor:
Zsuzsanna Bata-Cs@gvD, DSc

Dermatological Research Group of the Hungarian Academy of Sciences
Department of Dermatology and Allergology, University of Szeged



1. INTRODUCTION

Melanocytes are cells specialized for the productmf melanin. In the skin,
melanocytes project their dendrites into the epmerwhere they transfer melanosomes to
keratinocytes. These dendritic contacts producerfentes with multiple keratinocytes,
thought to number approximately 36 per melanocgiéng rise to the “epidermal melanin
unit”.

The rate limiting catalytic activity in the produa of melanin is the oxidation of
tyrosine by tyrosinase (TYR). Tyrosinase is a metgte-specific copper-binding enzyme
with homology to polyphenol oxidases and some hgmuaos. It also shows high homology
with tyrosinase-related protein-1 (TRP-1) and -RPF2). The latter is also known as
dopachrome tautomerase (DCT). They catalyze difterbiochemical reactions in
eumelanogenesis. Additionally, TRP-1 stabilizes émzymatic activity of tyrosinase and
maintains the melanosome structure integrity, whRd-2 has a role in melanocyte survival.

Many skin disorders are associated with pigmemataad/or pigment cell dys-or
malfunction. Uncontrolled hyperproliferation of raabcytes can lead to melanoma initiation,
which is the most aggressive skin cancer, mainky tduts high metastatic potential. Another
common disorder related to melanocytes is vitiligtajch is characterized by white patches
on the skin, because melanocytes are missing. Ossillity to treat vitiligo symptoms is
autologous melanocyte transplantation. To invewiganelanocyte differentiation and
melanoma development and for treatment of vitiliggtablishment of appropriate melanocyte
culture techniques is important.

For a long time, the study of melanocyte prolifenain vitro was restricted to the use
of melanoma cells, because attempts to establistnaiamelanocytes in culture using the
standard, serum-supplemented medium, failed. Tis¢ feproducible melanocyte culture
technigue was published in 1982. Generally, melgieoculturingin vitro is accomplished by
using specific mitogens to enhance melanocyte anslppress keratinocyte and fibroblast
growth. Usually the melanocyte culture media ispteimented with the tumor promoter 12-
O-tetradecanoyl phorbol-13-acetate (TPA or PMA) #mel intracellular cyclic adenosine 3’,
5" monophosphate (CAMP) enhancer, cholera toxin)(@fd in some cases 3-isobutyl-1-
methylxanthine (IBMX) is used. Because these mitsgater the physiological responses of
the cells, attempts have been made to define cultuechniques free of these substances. It
was reported thain vitro growth of melanocytes could be sustained withdugngical
mitogens in fibroblast conditioned medium, containi5% horse serum and polyamines, but
these cultures were contaminated by keratinocytesnother study melanocyte cultures were
established without non-physiological mitogens bw-calturing human epidermal
keratinocytes with human epidermal melanocytes.idBfisroblast growth factor (bFGF),
endothelin-1 (ET-1) ando-melanocyte stimulating hormonen-MSH) together could
substitute for TPA and BPE in vitro cultures of human melanocytes, however at thecatiti
initial phase of the cultures TPA was used to éstalthe selectivan vitro melanocyte
growth. In most cultures of human melanocytes, scellere obtained from newborn
prepucium. Data concerning adult epidermal melarescyherefore were scares. We have
shown that normal human adult epidermal melanoay@esgrow in a medium (referred to as
Mel-mix) that lacked the above listed mitogens.

In vertebrates, melanocytes arise from the neuest.cMelanoblasts are unpigmented
cells containing only immature melanosomes thak lamctional tyrosinase, the critical
enzyme of melanin synthesis. Fully differentiateelanocytes characterized by TYR, TRP-1
and TRP-2 activities as well as by numerous matustanosomes and well-developed
dendrites. Melanocyte differentiation is under tentrol of microphthalmia transcription
factor (MITF), a basic helix-loop-helix leucine pigx transcription factor, which activates



genes involved in pigment production, such as TYRP-1 and TRP-2 and melanocyte
survival, e.g. Bcl-2. The proto-oncogene c-Kit ele® a membrane receptor protein
(Kit/SCFR) which regulates melanocyte proliferatiodifferentiation and migration by
stimulation of MITF. In mouse epidermis, Kitells differentiate into Mitf and/or TRP-2
cells first and then into TRP-Tells after UV exposure. In human skin, the preseof Kit
reactive cells is consistently demonstrated in ltasal layer of the epidermis, follicular
infundibula and eccrine coils and ducts. In thdidolar infundibula, KitBcl-2"'TRP-T cells
represent a reserve population of precursor meldesc Interestingly, c-Kit expression is
down-regulated in melanocytes following malignargnsformation and SCF inhibits the
growth of melanoma cell lines, indicating that d-Kilays a more important role in
melanogenic differentiation than in cell prolifecat.

One of the major growth promoting soluble factorghe epidermis is the EGF. Its
role has been extensively studied in epidermaltkereyte growth regulation, but data on
melanocytes concerning the role of EGF and its ptecewere controversial. It has been
reported that melanocytic lesions in the skin esprepidermal growth factor receptor
(EGFR) and EGFR mRNA could be detected in melamscy@nd melanoma celia vivo.
Moreover, in previous studies both the mitogenfeafof epidermal growth factor (EGF) on
normal cultured melanocytes, as well as the exmessf EGFR on cultured cells, were
reported to be missing by different authors. Beea@srdon-Thomson et al. reported on not
only the presence of EGFR on normal human cultanethnocytes, but also on its tyrosine
kinase-mediated signaling in response to EGF arceertsy arose around this issue. Later
another group also published data supporting tlesegmce of EGFR on normal human
melanocytes.

2. AIMS

The aims of our study were:

* to characterize the proliferation and differentatiof normal human adult epidermal
melanocytes cultureth vitro in a newly defined more physiological medium tlzatks
the conventionally used mitogenes, such as phasielks, IBMX and cholera toxin

* to investigate the differentiation potential of d&mentiated normal human adult
epidermal melanocytes

e to examine the role of EGF and EGFR in normal huaduit epidermal melanocytes

3. MATERIALSAND METHODS

3.1 Culture media

Mel-mix medium contains AIM-V serum free lymphocyteedium and Keratinocyte
Serum Free Medium (early name: Keratinocyte BasadliMm) both from Life Technologies,
Carlsbad, CA, USA), v.v, supplemented with 2.5%lfebovine serum (FBS, Life
Technologies), 2.5 ng/ml epidermal growth factoGtE Life Technologies), 2Ag/ml bovine
pituitary extract (BPE, Life Technologies), L-glatane and Antibiotic Antimycotic Solution
containing 100 U/ml penicillin, 10A@g/ml streptomycin and 0.3%g/ml amphotericin B
(Sigma Laboratories, St. Louis, MO, USA). We alssedi a commercially available
melanocyte medium, M254 Medium (Life Technologi@d)is medium is supplemented with
Human Melanocyte Growth Supplement (HMGS, Life Treabgies) containing bovine
pituitary extract (BPE), fetal bovine serum, bovinsulin, bovine transferrin, basic fibroblast
growth factor, hydrocortisone, heparin and phodiinyristate 13-acetate (PMA). To induce
melanocyte differentiation, the Mel-mix medium wagplemented with cholera toxin (CT,
Sigma) at 10 nM and phorbol 12-myristate 13-aceté®®A, Sigma) at 10 ng/ml



concentration, respectively.

3.2 Cdll culture

Adult epidermal melanocytes were isolated and cedtias previously described from
breast or trunk skin specimens of healthy Caucastaors undergoing plastic surgery. The
study was approved by the Human Investigation Redeard of the University of Szeged: it
complied with the ethical standards of researclaccordance with the Helsinki Declaration.
Written informed consent was obtained from all dsriavolved in the study.

Skin specimens were first washed in Salsol A soflufHuman Rt, Godollo, Hungary)
supplemented with 2% Antibiotic Antimycotic SolutigSigma). The subcutis and part of the
dermis was removed and the tissue was cut intol stngds. Overnight incubation in Dispase
solution (Grade Il, Roche Diagnostics, Mannheimyreey) was carried out at°€ to
separate the dermis from the epidermis. Next dayethidermis was peeled of the dermis and
after a short trypsinization, the epidermis was ma@ecally torn apart and vigorously washed
to release epidermal cells. The epidermal cellsnsipn was filtered through a 1t nylon
mesh (BD Falcon, San Jose, CA, USA) and after iegation they were placed into 75 €m
tissue culture dishes (BD Falcon) at a cell densitgx10 cells/cnt. Cultures were grown at
37 °C in humidified atmosphere containing 5% £0O

Keratinocytes prepared from similar epidermal saspVere cultured in KSF medium
(Life Technologies) as described previously.

3.3 L-DOPA staining

The melanocytes were washed in PBS then fixed inf&@¥halin for 30 minutes at
4°C. After fixation the cells were washed in distllevater and incubated with 0.1 % L-
DOPA (Sigma) solution for 3 hours at 3Z. The cells were visualized using a Nicon Eclipse
TS100 microscope and photographed by a Nicon Codip00 digital camera.

3.4 Direct melanin measurement

Cells were trypsinized, and pellets with equalizetl numbers were solved in 5M
NaOH. Absorbance was measured by a Multiscan EXrfiib Scientific) plate reader at 495
nm. Standard curve was prepared using synthetiamme(Sigma) solved in NaOH.

3.5 Measurement of cell growth by MTT assay

Melanocytes were seeded into 96-well culture platea density of 5xT&ells/well
and were exposed to different concentrations of EGE to 100 ng/ml) for 72 hours. The
supernatant was then replaced with 0.5 mg/ml MTIitem (Sigma. After incubation for 3
hours at 37C, the chrystallized dye was solubilized and theodbance was determined by a
Multiscan Ex spectrophotometer (Thermo Labsystarastaa, Finland) and Ascent Software
(Thermo) at 540 nm.

3.6 RT-PCR
The following specific primers were used:
Tyrosinase forward TTGGCAGATTGTCTGTAGCC
reverse GGCATTGTGCATGCTGCTT
B-actin forward AGAGATGGCCATGGCTGCTT
reverse ATTTGCGGTGGACGATGGAG

The vyielding 198 bp (tyrosinase) and 406 Ifpa€tin) products were run on 2%
agarose gel, stained with ethidium bromide, phaplged and evaluated by Kodak EDAS



290 densitometer (Kodak, Rochester, NY, USA) andlako 1D Digital Science software
(Kodak).

3.7 Real-Time RT-PCR
The following specific primers were used:

TRP-1 forward CTTTTCTCACATGGCACAGG
reverse AAGGCTCTTGCAACATTTCC
c-Kit forward CGTGGAAAAGAGAAAACAGTCA
reverse CACCGTGATGCCAGCTATTA
Nestin forward TGCGGGCTACTGAAAAGTTC
reverse TGTAGGCCCTGTTTCTCCTG
185 forward CTCAACACGGGAAACCTCAC
reverse CGCTCCACCAACTAAGAACG

Primers and probe specific for EGFR (Cat. NumbeS06i193306_m1) were
purchased from Life Technologies (Applied Biosyss¢nTo quantify the relative abundance
of each mRNA, iCycler IQ Real Time PCR (BioRad, tiges, CA, USA) was used.

3.8 Immunocytochemistry

For TRP-1, c-Kit and EGFR protein detection, cytospwere stained with the
following antibodies: anti-TRP-1 at a dilution 02000 (Signet Laboratories, Dedham, MA,
USA), anti-c-Kit (BD) at a dilution of 1:250 and t&EGFR (Clone: sc-120, Santa Cruz
Biotechnologies, Santa Cruz, CA, USA) at a dilutadriL:200. Control slides were incubated
with mouse 1gG, (Sigma), the isotype of all primary antibodiesr Fisualization Vectastain
ABC Kit (Vector, Burlingame, USA) was used accoglito the manufacturer’s instruction.
The cells were analyzed using a Zeiss Axio Imag@raacope and photographed using a
PixeLINK digital camera (TissueGnostics, Austria).

3.9 Fluorescent immunocytochemistry

Melanocytes grown on glass coverslips were incubatgh primary antibodies
specific for nestin (Abcam, Cambridge, UK) at autidn of 1: 1000 and cyclin D1
(NeoMarkers, Fremont, CA, USA) at a dilution of @32 Control slides were incubated with
mouse IgG (Sigma). AlexaFluor 546 and 488 conjugated antiseolgG (both from Life
Technologies) at a dilution of 1:500 was used fisualization. Nuclei were counterstained
with DAPI (Sigma) at a dilution of 1:100. The cellere analyzed using a Zeiss Axio Imager
microscope and photographed using a PCO Pixelfgyalicamera (TissueGnostics, Austria).

3.10 Western blot

Cells were trypsinized and harvested by centrifiogatand the pellet was then gently
resuspended in protein lysis buffer (20 mM HEPES) inM KCI, 1 mM MgC}, 1 mM
dithiothreitol, 10% glycerol, 0.5% Triton X-100,19% Igepal CA-630) containing 0.5%
protease inhibitor cocktail (all components fromgr8a). Protein concentrations were
determined with the BCA detection kit (Thermo Saig) Waltham, MA, USA). SDS-PAGE
was carried out with 40 pug protein samples, blotted nitrocellulose membrane (Bio-Rad).
Membranes were blocked in 3% non-fat dry milk (Bad). Mouse anti-human nestin
(Abcam) was used at 1pug/ml concentration and rasttiithumaru-actin (Sigma) was diluted
at 1:400 and incubated the nitrocellulose membygitie them overnight at°€. Anti-rabbit
and anti-mouse IgG alkaline phosphatase-conjugasmdndary antibodies (Sigma) were
applied and the bands were visualized using SignsdFBCIP/NBT (Sigma).



3.11 Direct and indirect UVB irradiation

For UVB irradiation, a VL-6LM light source (VilbeLourmat, Marne-la-Vallée,
France) was used. The light emitted from this lamag within the UVB range (280-320 nm)
and the peak emission was at 312 nm. Light intgngés measured by a UVX radiometer
(UVP, Upland, CA, USA) before the experiment@ study the direct effect of UVB,'3
passage, Mel-mix-cultured normal human adult epid¢melanocytes and keratinocytes in
PBS were irradiated with 0, 20.8, 31.2 and 41.6cmJHoses of UVB. To examine the
indirect effects of UVB, the supernatants of thradrated keratinocytes were collected 6 and
24 hours after irradiation. These supernatants waxed with complete AIM-V medium
(v:v) and autologous cultured melanocytes wereucedt in them for 24 hours.

3.12 Carboxyfluorescein diacetate, succinimidyl ester (CFSE) analysis

For CFSE analysis, CellTrace CFSE Cell ProliferatiGt (Life Technologies) was
used according to the manufacturer’s instructi@SE fluorescence was measured using a
FACS-Calibur flow cytometer (Beckton Dickinson, Sdose, CA) and analyzed with
CellQuest Software. The number of cell divisionswalculated based on the assumption that
the dye of the mother cells would be equally didideto both daughter cells, resulting in
halving of fluorescence intensity.

3.13 Senescence-associated f-galactosidase assay

To determine the senescent stage of the célland &' passage melanocytes cultured
in Mel-mix or in M254 medium were stained using &srence-associatgidgalactosidase
Staining Kit (Cell Signaling Technology, DanversSA) according to the manufacturer’s
instructions.

3.14 Data presentation and statistical analysis

Data are presented as mearstandard deviation (SD) or standard error of mean
(SEM). Data were compared using the one-way arglySivariance (Univariate ANOVA)
followed by Tukey’'s and Dunnett’post hoc test to determine statistical differences after
multiple comparisons (SPSS, SPSS, Chicago, lll)n@disprobability value of less than 0.05
was considered significant.

4. RESULTS

4.1 Differentiation characteristics of normal human adult epidermal melanocytes
cultured in Mel-mix medium

Normal human adult epidermal melanocytes cultunredMiel-mix medium show
“typical”, multi-dendritic morphology in early cultes, but during culturing their morphology
changes, cells become bipolar. This change in oetirphology is indicative for
dedifferentiation of the cells. During long-term Meix cultures, the color of the cell pellet at
consecutive passaging becomes lighter and lightess of visible pigmentation was verified
by L-DOPA staining in the cultured cells. Cells 16" passage contained pigment, while
further cultured cells did not. To examine the omasf pigment loss we followed the rate-
limiting enzyme of melanin synthesis, tyrosinaseN¥Rn the cultured cells. The presence of
tyrosinase mMRNA could be verified in all culturgs to the examined f0passage, although
the amount seemingly decreased with passage numbisexpression of TRP-1, an also
indispensable enzyme of melanin synthesis and c&inelanocyte differentiation marker



were also checked. TRP-1 exhibited strong expressiprimary melanocyte culturesnd its
expression decreased durimgvitro culturing in Mel-mix medium. c-Kit protein expréss
was also strong in the early cultures, but melatescyiever stained as uniformly with the
anti-c-Kit antibody as with the Mel-5 antibody. Aklls were TRP-1 and c-Kit negative in the
five-week-old, ' passage melanocyte cultures. TRP-1 and c-Kit mRINpressions were
determined at every passage by real-time RT-PCR/sa8aTRP-1 mRNA values decreased
during culturing, exhibiting similar tendency ag throtein expression. The decrease in TRP-1
mRNA levels from the % passage to theth7passage samples were statistically significant
compared to the®1passage samples. c-Kit mRNA values showed deagasndency, but
changes in MRNA expressions were not statisticdjgificant.

Nestin protein was detectable in 3p melanocyte uoedt by fluorescent
immunocytochemistry. Melanocytes were not uniforstigined with anti-nestin antibody. To
check that nestin positivity correlates with a mpreliferative status of the melanocytes we
double-stained the cells with nestin and cyclin e could not found a correlation between
nestin positivity and melanocyte proliferation stat Nestin mRNA expressions were
examined and compared in passages from 1-3-7 wsatlgime RT-PCR. The expression of
nestin was higher in 7p cultures compared to 1@pocultures.

4.2 Investigation of differentiation potential on dedifferentiated melanocytes

In order to study the possible dedifferentiationnoélanocytes, normal human adult
epidermal melanocytes were cultured in commercialsailable PMA containing M254
medium for four weeks. These cells showed dendtemorphology, expressed TRP-1 and
c-Kit proteins uniformly and EGFR weakly. After foweeks, cultures were split into two;
one part was continuously cultured in M254 meditime; other part was switched to Mel-mix
medium for the following two weeks. Melanocytestatgd in the PMA containing M254
medium remained dendritic and expressed TRP-1 akdl and showed a generally week
EGFR staining, while cells cultured in Mel-mix ftwo weeks became bipolar, their TRP-1
and c-Kit protein expressions drastically decreased their EGFR expression strongly
increased. These changes indicated that in Mel-mwithout PMA, melanocyte
dedifferentiatedn vitro.

To check the reversibility of the observed deddferation, we added cholera toxin
(CT) and phorbol esther (PMA) to the Mel-mix medjuand cultured % passage
dedifferentiated melanocytes for 1 week in thisiemment. CT+PMA treatment induced
dendrite formation in bipolar, dedifferentiated ar@cytes. Immunocytochemical staining
demonstrated that TRP-1 protein expression wascedlun 7% of the cells, while c-Kit
protein expression was induced in 12% of the dewhfitiated melanocytes compared to
untreated cultures (TRP-dells: 0%, c-Kitcells: 0%). Real-time RT-PCR was performed to
determine the relative expression of TRP-1 and tcrliRNA in CT+PMA containing and
Mel-mix control cultures. The relative mMRNA expressof TRP-1 was on average only 2
times higher in cultures treated with CT+PMA congzhto untreated melanocytes grown in
Mel-mix medium. This difference was not statistigasignificant. The relative mRNA
expression of c-Kit was on average 4 times highethe CT+PMA-treated cultures. This
difference was statistically significant. CT and RNteatment also increased the melanin-
content of the cells.

To study the effect of UVB on melanocyte differatitbn, melanocytes cultured in
Mel-mix medium were irradiated with 20.8, 31.2 afitl6 mJ/crh doses of UVB. TRP-1
MRNA expression was used as a marker for melanatifferentiation. Interestingly, direct
UVB irradiation of melanocytes resulted in decrelasdative mRNA expression of TRP-1 24
hours after irradiation. To study the influencekefatinocytes in UVB-induced melanocyte



differentiation, keratinocytes were irradiated withe same UVB doses. Keratinocyte
supernatants were collected 6 and 24 hours aftd Ibhddiation and autologous melanocytes
were treated with these supernatants for 24 hitaratinocyte supernatants collected 6 hours
after irradiation caused a slight increase in TRRRNA expression, while supernatants
collected 24 hours after similar UVB irradiatiorusad a more pronounced increase in TRP-1
MRNA expression in melanocytes compared to celi$ were treated with non-irradiated
keratinocyte supernatants.

To see the proliferative capacity of differentiated dedifferentiated melanocytes, we
compared melanocyte proliferation in cultures oflHex and M254 medium using CFSE
analysis. Cells in both cultures proliferated asimilar rate in the first 72 hours, then
melanocytes cultured in Mel-mix medium showed ahagiced rate of division compared to
melanocytes cultured in M254 medium.

Senescence-associatgdalactosidase assay was performed on both typesliires
when cells were in "8 and &' passages. Blue colored senescent cells were présen
comparable numbers in both types of cultures rdgssdof the applied media. Blue cells
appeared flat without dendrites in cultures, iresdwe of the used media.

To further characterize the dedifferentiation stateultured melanocytes we cultured
cells in Mel-mix up to a passage then transferred half the cells into PNAtaining M254
medium and left the other half in Mel-mix. We thereasured the expression of nestin, a
neuronal precursor marker in the different cultuk&® were able to detect nestin mRNA in
all cultured melanocytes irrespective of culturendions. An increase in nestin mRNA
expression was observed in cells as they reachgiiehipassages. The increase of nestin
MRNA was more pronounced in dedifferentiated metgtes cultured in the PMA-free Mel-
mix medium. On Western blot, although a faint mestpecific band was visible in all
samples, densitometry could not detect bands frampkes of PMA containing M254
cultured melanocytes. A gradual increase in ngstitein expression was detected only in
Mel-mix cultured,in vitro dedifferentiated cells.

4.3 Therole of EGF and EGFR in melanocytes.

Using real-time RT-PCR, we showed that EGFR mRNA wapressed in Mel-mix
cultured melanocytes, although on average at @& timmees lower level than in keratinocytes.
To detect the expression of EGFR protein in théscele used a monoclonal antibody to
EGFR for immunocytochemical detection. Culturedscil 3% passage uniformly expressed
the EGFR protein.

Next we examined the effect of EGF at various cotre¢éions on cell growth. Cells
from different donors that were cultured in the moiml-free Mel-mix medium until the™
passage were exposed to different concentratiotsGét (from 0.1 to 100 ng/ml) for three
days. The medium at that time did not contain FB& BPE. Cells responded to EGF with a
dose-dependent increase in proliferation, sigmifiggrowth induction occurred in the 2.5 to
10 ng/ml concentration range.

To examine the effect of different EGF concentradi@n the relative expression of
EGFR mRNA in cultured normal human adult epidermalanocytes, cells in"5passage
were exposed to different concentrations of EGB-810 ng/ml) for three days. The relative
expression of EGFR mRNA was determined by real-tfePCR. EGF had no significant
effect on the EGFR mRNA expression in the cells.



5. DISCUSSION

The traditionally used media for melanocyte cuttgrcontain specific mitogens, such
as PMA, CT and IBMX. Melanocytes cultured in methat contains PMA, CT or IBMX
show the phenotype of fully differentiated melartesy Differentiated melanocytes are
characterized by melanin production due to thevaies of tyrosinase, TRP-1 and TRP-2; by
numerous mature melanosomes and well-developeditemndvelanocytes cultured without
PMA, CT or IBMX show pigmentation loss and decrebdendrite formation. Pigmentation
loss in long-term Mel-mix cultured melanocytes rggdered by decreased amount of
tyrosinase mMRNA and decreased enzyme activity afstgase protein. Expression of two
melanocyte differentiation markers, c-Kit and TRI-&lso decreased.

In melanocyte development, c-Kit plays a criticaler in a number of cellular
activities, including differentiation. The expressiof c-Kit is considered a key step in
pigment cell development, Kit+ nonmelanotic celfs the skin are putative melanocyte
precursors. Activation of c-Kit by stem cell factogsults in Mitf phosphorilation. Mitf
determines the melanocyte fate of multipotent nexresst cells partially by its transcriptional
and lineage-specific regulation of three major pgirenzymes, tyrosinase, TRP-1 and TRP-
2. There is also evidence that c-Kit, tyrosinasg 8RP-1 gene expression are coordinated in
melanocytes. The melanocytes that we harvestedttieradult human skin uniformly stained
for c-Kit and TRP-1, if they were cultured in PMArtaining M254 medium. After switching
the medium into Mel-mix, the expression of thesagins in the cells decreased dramatically.
In the Mel-mix culture, without PMA, cells showeduaiform positivity for TRP-1 in early
cultures, whereas in older cultures, we could mdéct TRP-1 protein expression in the cells.
In Mel-mix medium, TRP-1 and c-Kit mMRNA expressions also showed aedesing trend.

In vitro studies have shown that TPA (PMA) induces neumdtccell differentiation
into melanocytes and stimulates proliferation anifiegentiation of normal melanocytes.
Similarly, in our culture system, the addition dfotera toxin and PMA to the Mel-mix
medium resulted in dendrite formation and inductdre-Kit mRNA and protein expression
in the in vitro dedifferentiated melanocytes. The amount of TRPRNA also showed
increasing tendency and in a few cells, TRP-1 pnat&pression reappeared. The fact that c-
Kit expression precedes TRP-1 expression is exgeberause c-Kit signaling is essential for
the transcription of TRP-1.

It has been reported that withdrawal of cCAMP inadad€T+IBMX) from the medium
in melanocyte cultures causes cells to become semesAlthough, our culture medium lacks
these mitogens, melanocytes proliferate rapidly thms medium. In fact, melanocyte
proliferation was higher in Mel-mix medium than BMA-containing melanocyte growth
medium. We found no difference in senescent cetilvers between cultures of Mel-mix and
PMA-containing M254 medium.

We used our culture system to study the direct imaditect effects of UVB on
melanocyte differentiation/pigmentation. TRP-1 mRERpression was used as a marker to
determine the effect of UVB on melanocyte differatmbn/pigmentation. Data indicate that
UVB can influence the expression of TRP-1. In axpegiments, direct UVB exposure caused
a decrease in TRP-1 mRNA expression in melanoc@asilar results have already been
reported in the absence of CAMP inducers, UVB radiationibitbd, rather than stimulated,
melanogenesis. On the other hand, the indirecttetié UVB irradiation on melanocytes,
exerted through keratinocyte soluble factors, teguin TRP-1 mRNA induction in the cells.
The most likely keratinocyte-derived factors whioly be responsible for this TRP-1 mRNA
induction arex-melanocyte stimulating hormone-iMMSH) and endothelin-1 (ET-1). It is well
documented that UVB induces the production of Watttors.Our results are in line with
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numerous data indicating that melanocyte diffeegimin and melanogenesis are influenced by
tissue environment, in which keratinocytes are keys

Melanocytes arise from the neural crest, a pluepbtstructure of the vertebrate
embryo. In addition to melanocytes and many otledirtgpes, neural crest is also the source
of neurons and glia of the peripherial nervousewystDuring the segregation of cell lineages
derived from the neural crest, multipotent neuralanocytic progenitors and bipotent glial-
melanocytic precursors are generated. From thetdnpoglial-melanocytic precursors,
melanoblasts and melanocytes originate. Cell diffgation is not unidirectional; under
certain stimuliin vitro or during regeneration differentiated cells magoker properties of
immature cells. It has been shown that neural @estved pigment cells from quail embryo
could dedifferentiate/transdifferentiate into gliarough a glial-melanocytic progenitor, if
treated with endothelin-3 (ET-3). A recent studymite identified growing nerves projecting
throughout the body as progenitor niche contaidogwann cell precursors from which large
numbers of melanocytes originate. It is known thataneous melanocytes share many
signaling molecules with neurons, ama vitro melanocyte cultures have already been
proposed to be used as model system to study Afdrts disease.

To characterize the stage of dedifferentiation aifilamelanocytes cultured in Mel-
mix medium, we examined the expression of nestinjnéermediate filament, which is a
“neural stem/progenitor cell” marker in the ceNge found strong nestin expression both at
the mRNA and protein levels in dedifferentiated amelcytes. Differentiated cells expressed
less nestin mMRNA and almost undetectable nestiteijproNestin has been suggested to take
part in stabilizing cell structure and coordinatidganges in intracellular dynamics, which
may be needed by dividing and migrating cells. Mgstotein did not uniformly co-expressed
with cyclin D1, a known proliferation marker in Melix cultured melanocytes, indicating
that nestin is not essential in the proliferationdedifferentiated melanocytes. We have
preliminary results showing that another neuralcpreor marker, the translocator protein
(TSPO) is also expressed in both types of cultamethnocytes at the mRNA level.

EGF is a common mitogen for keratinocytes and itpiesent in thein vivo
environment of melanocytes. To find its receptdgHR on normal human melanocytes and
examine its mitogenic potency on them was importantany researchers concerned with
melanocyte biology. EGF is expressed by melanomils aand can stimulate their
proliferation, high EGF production, linked to fuimstal polymorphism in the EGF gene,
might be important in the development of melanodata on the expression of EGFR in
normal human melanocytes were contradictory. Reviewmelanocyte biology categorically
stated that normal melanocytes did not express E@hiRstatement was the title of a letter
published in 2004 in the Journal of Investigativeriatology. In contrast Gordon-Thomson
and colleagues (2001), and later Mirmohammadsadegh(2005) have clearly demonstrated
the presence of EGFR in normal cultured melanoc¥eglence for receptor activation and
signaling was also presented in these paperswielisknown thain vitro culturing alters cell
characteristics, also, to a large degree cultuedt aharacteristics depend on the culture
environment. In previous works, similar to our cudt system for adult melanocytes, neonatal
melanocytes were not exposed to chemical mitogdrenvEGFR expression and signaling
could be detected. The conflicting results in therature on the expression of EGFR in
normal human melanocytes may have stemed from seeofi chemical mitogens in the
culture environment, which induce melanocyte ddferation. On normal adult melanocytes
cultured in our chemical mitogen-free medium wenidthat EGFR was expressed both at the
MRNA and at the protein levels. Moreover, we dertratesd that treatment of melanocytes
with 2.5-5-10 ng/ml EGF significantly increasedith@oliferation; this result was in contrast
with results of previous studies. The regulationE@FR expression is complex, involving
multiple stimulatory as well as inhibitory trangation factors. In a human carcinoma cell line
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it was shown that EGF was able to enhance mRNAesspn of its receptor, EGFR. In our
cultured melanocytes, EGF at mitogenic concentnati(?.5-5-10 ng/ml) did not show a
significant effect on the EGFR mRNA expressions lalso known that EGF and its receptor,
EGFR have an important role in neuronal differdimdra In our experimental setup, EGFR
expression was constitutive in dedifferentiatedanetytes.

Melanocyte differentiation is usually studied onatdiuembryo skin and on mouse
neural crest cell lines. Until now, there has beersuitable human model system for studying
melanocyte differentiation. Our human melanocytiuce can serve as a model system to
study melanocyte proliferation/differentiation, amgelanoma development. Besides that,
melanocytes cultured in chemical mitogen-free mediare applicable in the therapy of
pigmentation-associated disorders, like vitiligell€ expandedn vitro in Mel-mix medium
supplemented with autologous human serum instedéB& and BPE allow for autologous
transplantation of cultured melanocytes in vitiligatients in early passages when their
pigmentation is not lost. Further work is needed ebxamine the ability of neuronal
transdifferentiaton of theséen vitro cultured melanocytes. If these cells were able to
transdifferentiate into neuronal precursors, thewld also be considered as potential
therapeutic tools for different neurodegeneratiseases.

6. SUMMARY

For obtaining pure melanocyte cultures from humdnltaepidermis a novel culture
technigue using a cholera toxin and PMA-free mediiMel-mix) was described by our
group. In Mel-mix medium the cultured melanocytescdme bipolar, unpigmented and
highly proliferative. Further characterization dfet cultured melanocytes revealed the
disappearance of c-Kit and TRP-1 and induction eftin expression, indicating that
melanocytes dedifferentiated in this vitro culture. Cholera toxin and PMA were able to
induce c-Kit and TRP-1 protein expressions in thliscreversing dedifferentiation. TRP-1
MRNA expression was induced in dedifferentiated ametytes by UV-B irradiated
keratinocyte supernatants, however direct UV-Bdiaon of the cells resulted in further
decrease of TRP-1 mRNA expression. Expressions ®FFE mRNA and protein and
mitogenic effect of EGF on Mel-mix cultured melagtes were proved. EGFR protein
expression was more intensive in dedifferentiatethnocytes. These dedifferentiated, easily
accessible cultured melanocytes provide a good hiodstudying melanocyte differentiation
and possibly transdifferentiation. Because melatezcyn Mel-mix medium can be cultured
with human serum as the only supplement, this reilsystem is also suitable for autologous
cell transplantation.



12

OUR NOVEL FINDINGS:

1. We proved that pigment-loss in melanocytes cultimedel-mix medium that does not
contain non-physiological mitogens, parallels teerdase and loss of tyrosinase, TRP-1
and c-Kit expressions, and dendrite-reduction endélls. These changes are indicative
of a dedifferentiation process in the cultured metaystes.

2. We showed that melanocytes derived from adult epitdeexpress the known neuronal
stem cell marker, nestin both at the mRNA and pmdi&vels, and we also showed that
nestin expression was higher in the dediffererdiateelanocytes compared to the
differentiated ones.

3. We provided evidence that then vitro dedifferentiated melanocytes could
redifferentiate if treated with CT+PMA or with UVBradiated keratinocyte
supernatants.

4. We showed that cultured normal human adult epidemeanocytes express EGFR
both at the mRNA and protein levels, and we alsws&d that treatment of melanocytes
with EGF increases cell proliferation, but it doed influence the mRNA expression of
EGFR.

5. We observed that EGFR protein expression is stroimgdedifferentiated melanocytes
cultured in PMA-free Mel-mix medium compared toferentiated cells cultured in
PMA-containing medium.

6. We described a newn vitro human melanocyte model system in which melanocyte
proliferation, differentiation and neuronal trarféelientiation can be studied.
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