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Abstract

Wnt5a, which is a noncanonical Wnt molecule, has been shown to be involved in a variety of
developmental processes and cellular functions. In this study, we used “melan-a” cells as a cell
model to investigate the effects of Wnt5a on melanocyte proliferation and melanogenesis, and to
elucidate the possible mechanisms involved. We infected melan-a cells with recombinant Wnt5a
adenoviruses to express Wnt5a protein and to simulate the Wnt5a processing environment. MTT
assay and BrdU incorporation assay revealed that Wnt5a significantly inhibited the proliferation of
melan-a cells. Melanin content and tyrosinase activity assays showed that Wnt5a was an inhibitor
of melanin synthesis. Furthermore, RT-PCR and Western blot showed that this suppressive effect
depended on noncanonical Wnt/Ror2 pathway activation and accessed the inhibition of the ca-
nonical Wnt pathway. The above results provided a novel insight into the role of Wnt5a and its

related signaling in melanocyte homeostasis.

Key words: Wntba; melanocyte; proliferation; melanogenesis; Wnt/Ror2 pathway.

1. Introduction

Melanocytes are pigment-producing cells and
synthesize melanin that governs skin and hair color
and protects individuals from harmful ultraviolet
rays'3. Melanocytes produce melanin and transfer
them via their dendrite to adjacent keratinocytes. The
pigment melanin is well known to protect the skin
from harmful UV rays through its optical and chemi-
cal filtering properties'#>. However, over-production
and accumulation of melanin due to extreme expo-
sure to UV irradiation or chronic inflammation could
lead to various skin disorders, such as melanoma,
nevus, freckles and geriatric pigment spots®. In
mammalian melanocytes, melanin biosynthesis is
mainly catalyzed by three melanocyte-specific en-
zymes: tyrosinase, tyrosinase-related protein-1 (TRP1)
and tyrosinase-related protein-2 (TRP2/DCT)*. Tyro-
sinase is the key regulatory enzyme of melanogenesis

while TRP1 and TRP2 act as modifiers of melanogenic
pathway velocity, and perhaps as regulators of other
melanocyte functions*.

Wnts are secreted cysteine-rich glycoproteins
that participate in cell proliferation, differentiation,
and migration”0. To date at least 19 Wnt members
have been identified in mammals. Traditionally, the
different Wnts have been classified as canonical or
noncanonical'’. In the best characterized canonical
pathway, Wnt binding to Frizzled and LRP5/6
co-receptors induces [-catenin stabilization and
translocation to the nucleus where it regulates the
transcription of target genes'? 13. Inversely, the non-
canonical pathway is less well defined and its signals
are transduced independently of p-catenin. Non-
canonical pathways are diverse and grouped into
several categories, such as the planar cell polarity
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pathway (PCP), Wnt/Ca?" signaling pathway and
Wnt/Ror2 signaling pathway?2 3.

Previous studies revealed that canonical Wnt
signaling, specifically Wntl and Wnt3a, has crucial
roles in the development of melanocytes!416. Our re-
cent work showed that Wnt3a contributes to promote
melanocyte melanogenesis through the upregulation
of MITF, tyrosinase and TRP1'718 Despite the
well-known function of canonical Wnt signaling in
melanocytes, the role of noncanonical Wnt signaling
in melanocytes remains undetermined. Wntba, as a
typical noncanonical Wnt member, is essential for cell
growth, differentiation and migration. Multiple stud-
ies revealed that WntSa promotes melanoma tumor-
igenesis, invasion and metastasis!®?!. Furthermore,
Wntba inhibits the expression of melanogenic anti-
gens in melanoma?2. However, the precise function of
Wntba in normal melanocytes is unclear yet. There-
fore, this study was conducted to investigate the ef-
fects of Wnt5a on melanocyte proliferation and mel-
anogenesis, and to elucidate the possible mechanisms
involved.

2. Materials and methods
2.1 Cell culture

An immortal line of mouse melanocytes, me-
lan-a, was a kind gift of Dr. D.C. Bennett?. The cells
were cultured in RPMI 1640 medium (Gibco, USA)
supplemented with 10% FBS (Gibco, USA), 2 mM
L-glutamine (Sigma, USA), 200 nM PTA (Sigma,
USA), 100 IU/mL penicillin, 50 pg/mL streptomycin,
at 37°C under air plus 10% CO- conditions.

2.2 Adenovirus amplification and infection

The adenoviruses expressing green fluorescent
protein (AdGFP), Wntba protein (AdWntba, also ex-
pressing GFP), Wnt3a protein (AdWnt3a, also ex-
pressing GFP) were kindly provided by Dr. T.-C. He.
The adenoviruses were propagated in HEK 293 cells
as described previously?. After being purified by
caesium chloride gradient centrifugation, adenovi-
ruses were dialyzed into storage buffer, and their ti-
ters were determined. For infection, melan-a cells
were plated on 6-well or 24-well plates at a density of
2x104 cells/cm? in the growth medium for 12 h, the
cells were then grown in medium supplemented with
AdWntba or AAGFP, at ultimate titres of 106 PFU/mL.

2.3 MTT assay

Melan-a cells were cultured in 96-well plates at
an initial density of 5x10%cells per well for 12 h, and
then treated with Ad-Wnt5a or Ad-GFP. After 48 h,
the MTT (Sigma, USA) was added to each well and

the cells were incubated at 37° for 4 h. The medium
was removed and dimethyl sulfoxide (DMSO) was
added to dissolve the formazan crystals. The absorb-
ance was measured at 490 nm with an ELISA reader.
The experiments were performed in triplicate.

2.4 BrdU incorporation assay

Melan-a cells were treated with Ad-GFP or
Ad-Wntba for 48h, and then incubated with 10 pM
BrdU (Sigma, USA) for 4 h. The detection of BrdU was
performed as described previously'. Briefly, after
incubation in HCL and Na;B4O;, the cells were
stained with mouse anti-BrdU antibody (Zhongshan,
China, 1:100), then incubated with goat anti-mouse
Cy3-conjugated secondary antibody (Beyotim, China,
1:300), and finally counterstained with DAPI. Cells
were visualized using an upright BH2 microscope
(Olympus, Japan) and quantified by counting
BrdU-positive cells in 6 independent areas. The ex-
periments were repeated three times.

2.5 Melanin content assay

Melan-a cells were cultured in 6-well plates at a
concentration of 1x10° cells/well overnight and then
infected with AdWnt5a or AAGFP for 48 h. Then the
cells were trypsinized and counted. The same number
(1x10%) of cells were collected and the pellets were
dissolved in 1 mL of 1 M NaOH at 80°C for 1 h. Mel-
anin concentrations were measured by absorbance at
405 nm. The experiments were performed at least
three times.

2.6 Tyrosinase activity assay

Tyrosinase activity assays were performed ac-
cording to the method previously reported?. Melan-a
cells in 6-well plates were infected with AdWnt5a or
AdGFP for 48 h, then lysed by freezing-thawing cy-
cles in 200 uL 1% Triton X-100/PBS. The lysates were
clarified by centrifugation, 80 puL of the supernatant
were transferred into 96-well plates and 20 pL of 2
mg/mL L-Dopa (Sigma, USA) were added. After in-
cubation for 2 h at 37°C, absorbance was measured at
490 nm. Total cellular proteins were determined to
normalize samples. The measurements were repeated
at least three times.

2.7 Isolation of Total RNA and RT-PCR

Total RNA was extracted at the indicated
time-points using a Trizol Kit (Invitrogen, USA) and
reverse-transcribed using a reverse transcription (RT)
kit (Toyobo, Japan). Semi-quantitative PCR was per-
formed using primers for Wnt5a, GADPH, p-catenin,
Tyrosinase, TRP1, Ror2, JUN, JNK1 and JNK2 (see
Table 1 for primer sequences and amplicon size). PCR
reactions were performed using a touchdown proto-
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col previously described?. Briefly, touchdown PCR
was performed with the following program: 1 cycle at
94°C for 2 min, 12 cycles at 92°C for 20 s, 68°C for 30 s,
and 70°C for 45 s with a decrease of one degree per
cycle, and 22 cycles at 92°C for 20 s, 55°C for 30 s, and
70°C for 45 s. PCR products were separated by gel
electrophoresis in 2% agarose gels and visualized by
ethidium bromide staining.

Table I. The primer sequences for RT-PCR analysis.

Primer Sequence(5’-3) Size
(bp)

Wnt5a  Forward TTGGCCACGTTTTTCTCC 125
Reverse TGGCTGCAGAGAGGCTGT

B-catenin Forward ATCACTGAGCCTGCCATCTG 581
Reverse GTTGCCACGCCTTCATTCC

GAPDH Forward ACCACAGTCCATGCCATCAC 452
Reverse TCCACCACCCTGTTGCTGTA

Tyrosi- Forward GGGCCCAAATTGTACAGAGA 174

nase
Reverse ATGGGTGTTGACCCATTGTIT

TRP1 Forward AAGTTCAATGGCCAGGTCAG 157
Reverse TCAGTGAGGAGAGGCTGGTT

Jun Forward ACTCGGACCTTCTCACGTC 107
Reverse CGGTGTAGTGGTGATGTGCC

JNK1 Forward TCAGAAGCAGAAGCCCCACCA 211
Reverse ACAGACGGCGAAGACGATGGA

JNK2 Forward CCAGCCTTCAGCACAGATGCAG 295

Reverse TGAGCAGGGCAAGGCATCGT
Ror2 Forward CCACTGGGGTTCTATATG TGCG 138
Reverse AAATAGTCCGGTTCCCAATGAAG

2.8 Western blot analysis

Whole protein was extracted in RIPA lysis buffer
(Beyontime, China), determined by the BCA Protein
Assay Kit (Beyontime, China), denatured by boiling,
and subjected to 10% SDS-PAGE. Then the protein
was transferred onto a PVDF membrane. After
blocked with 5% fat-free milk, the membranes were
probed with rabbit anti-Wntba antibody (1:200, R&D,
USA), goat anti-TRP1 antibody (1:1000, Santa Cruz,
USA), goat anti-tyrosinase antibody (1:1000, Santa
Cruz, USA) at 4°C overnight. Blots were then incu-
bated with HRP-conjugated secondary antibody for 1
h. Proteins of interest were visualized on X-ray film
by means of the ECL western blot detection system.

2.9 Subcutaneous implantation and Fon-
tana-Masson melanin staining

Melan-a cells were infected with AdGFP or
AdWntba for 36h, and collected for subcutaneous

injection (100 cells/injection) into the back of athymic
nude (nu/nu) mice (4-6 wk). Animals were sacrificed
3 days later. Implanted sites were removed and fixed
in 4% paraform. Paraffin sections were processed, and
melanin granules were coloured with Fon-
tana-Masson staining, cell nuclei were counterstained
with hematoxylin.

2.10 Statistical analysis

Data are presented as mean + SD of three inde-
pendent experiments. Statistical analysis between
groups was performed by ANOVA using SPSS 18.0. p
< 0.05 was considered to be statistically significant.

3. Results

3.1 Wnt5a inhibits the proliferation of melan-a
cells

To explore the possible role of Wnt5a in mela-
nocytes, we used mouse melanocyte line (melan-a) as
an in vitro cell model and infected the cells with
AdWntba to serve as the production source of Wnt5a
protein. The adenovirus infection efficiency was ex-
amined by green fluorescence (Fig. 1 A) and the ex-
pression of Wntba was confirmed by RT-PCR and
Western Blot (Fig.1 B).

To determine the effect of Wnt5a on the prolif-
eration of melan-a cells, we infected melan-a cells
with different doses of AdWnt5a or AAGFP as control.
After 48 hours, the MTT assay showed that Wntba
inhibited the proliferation of melan-a cells in a
dose-dependent manner compared to GFP (Fig. 1 C).
Similarly, the BrdU incorporation assay indicated the
ratio of proliferating AdWntba-infected cells was
lower than that in controls (p < 0.05) (Fig.1 D). The
results implied that Wntba inhibited the proliferation
of melan-a cells.

3.2 Wnt5a inhibited the melanogenesis of
melan-a cells

Since tyrosinase is the key regulatory enzyme for
melanin synthesis, its activity is a marker for mela-
nocyte melanogenesis. As shown in Figure 2 A, Wntba
inhibited the tyrosinase activity of melan-a cells in a
dose-dependent manner compared to GFP (p < 0.05).
In conformity with the results of the tyrosinase activ-
ity assay, AdWntba-infected cells decreased melanin
synthesis significantly compared to AdGFP-infected
cells (p < 0.05) (Fig. 2 B).

To investigate how Wntba inhibits melanin syn-
thesis, we analyzed the expression levels of the mel-
anogenic enzymes, tyrosinase and TRP1. A great sig-
nificant decrease of tyrosinase and TRP1 mRNA were
detected in AdWntba-infected cells rather than control
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especially at 48 hours (Fig. 2 C). Western blot analyses
also showed that Wntb5a did remarkably decrease the
protein levels of tyrosinase and TRP1 (Fig. 2 D). And
subcutaneous implantation experiments verified that
Wntba inhibited melanin synthesis in vivo (Fig. 2 E).

3.3 Wnt5a activated the Wnt/Ror2 signaling
pathway in melan-a cells

Since WntSa may activate the noncanonical
pathway via the Wnt/Ror2 signaling pathway?, we

GFP Wntba

GFP

-

GADPH = [ —

RT-PCR

Brdu DAPI

Wnt5a

Western blot

first determined if Wntba stimulated Wnt/Ror2 sig-
naling pathway member mRNA expression levels in
melan-a cells by RT-PCR. Our analyses showed that
Wntba increased the expression levels of Ror2, c-JUN,
JNK1 and JNK2 in a time-dependent manner. The
mRNA levels reached a peak at 24 h and then recov-
ered by 48 h (Fig. 3). The results suggested that Wnt5a
might activate Wnt/Ror2 signaling pathway in me-
lan-a cells.

MTT Value(OD 570mm)

2 4 6 8
(x 108PFU/mL)

Merge

o ---

Percentage of Brdu positive cells (%)

Fig 1. Effects of Wnt5a on the proliferation of melan-a cells. (A) Melan-a cells infected by Ad-Wnt5a. The infection efficiency was observed by green
fluorescence. (Left, phase contrast images; Right, fluorescent images) Scale bars represent 100 pm. (B) RT-PCR and Western-blot analysis of Wnt5a mRNA
and protein after infection with AdWnt5a or AdGFP. (C) Proliferation of melan-a cells infected with different doses of AdWnt5a or AdGFP as measured
by the MTT assay. (D) Proliferation of melan-a cells infected with AAGFP or AdWnt5a as measured by BrdU incorporation. BrdU incorporation was
detected by immunofluorescent staining (Left), and the percentage of BrdU positive cells were quantitatively measured (Right). Red, BrdU; Blue, DAPI.

Scale bars represent 50 ym. *p< 0.05, **p< 0.01. n =3.
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Fig 2. Effects of Wnt5a on the melanogenesis of melan-a cells. (A) Tyrosinase activity of melan-a cells infected with different doses of AdWnt5a or AdGFP
analyzed by tyrosinase activity assay. (B) Melanin synthesis of melan-a cells infected with AdWnt5a or AdGFP. (C-D) Effect of Wnt5a on the expression of
TRPI and tyrosinase in melan-a cells. (C) Melan-a cells were infected with AdWnt5a or AAGFP. RT-PCR analyses were performed with primers specific for
TRPI, tyrosinase and GADPH after Oh, 16h, 24h and 48h. (D) Melan-a cells were infected with AdWnt5a or AAGFP. After 48 h, Western blot analyses were
performed with antibodies specific for TRPI, tyrosinase and GADPH. (E) Melan-a cells infected with AdWnt5a or AdGFP were implanted subcutaneously
into nude mice. Visual pigmentation were exhibited in Day | and 3. Implanted sites were retrieved and subjected to Fontana-Masson staining. Mela-
nin-positive cells were indicated with arrows. Bar=50 um. These data were representative results of three independent experiments. *p< 0.05, *p< 0.01.
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Fig 3. Effects of Wnt5a on the Wnt/Ror2 signalling pathway in melan-a cells. (A) Melan-a cells were infected with AdWnt5a. After Oh, |6h, 24h and 48h,
RT-PCR analyses were performed with primers specific for Ror2, JUN, JNKI, JNK2 and GADPH. (B) The relative mRNA expression levels. These data
were representative results of three independent experiments. *p< 0.05.
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Fig 4. Effects of Wnt5a on the canonical Wnt signalling pathway in melan-a cells. (A) Effect of Wnt5a on the expression of B-catenin mRNA and protein
as measured by RT-PCR and Western blot assays. (B) Effect of Wnt5a on the tyrosinase activity in AdWnt3a-infected melan-a cells. The cells were infected
with AdGFP, AdWnt3a, or co-infected with AdWnt3a and AdWnt5a. After 48 h, tyrosinase activity was analyzed by tyrosinase activity assay. (C-D) Effect
of Whnt5a on the expression of B-catenin, TRP| and tyrosinase in AdWnt3a-infected melan-a cells. The cells were infected with AdGFP, AdWnt3a, or
co-infected with AdWnt3a and AdWnt5a for 48 h. (C) RT-PCR analyses were performed with primers specific for $-catenin, TRPI, tyrosinase and GADPH
(Left) and the relative mRNA expression levels were quantitatively measured (Right). (D) Western blot analyses were performed with antibodies specific
for B-catenin, TRPI, tyrosinase and GADPH (Left) and the relative protein expression levels were quantitatively measured (Right). These data were

representative results of three independent experiments. *p< 0.05.

3.4 Wnt5a antagonized canonical Wnt signal-
ing pathway in melan-a cells

It has been reported that Wnt5a/Ror2 signaling
also antagonized the canonical Wnt signaling path-
way?-28, so we tested the expression level of f-catenin
in AdWnt5a-infected cells. Both RT-PCR and Western
blot analyses showed that Wnt5a significantly de-
creased the expression level of P-catenin in melan-a
cells (Fig. 4 A).

To further examine the function of Wnt5a in ca-
nonical Wnt signaling pathway in melan-a cells, we
infected the cells with AdGFP, AdWnt3a, or
co-infected with AdWnt3a and AdWnt5a. We tested
the expression level of p-catenin, as shown in Figure 4
C and D. A significant decrease in [-catenin protein

levels was detected in co-infected cells compared with
AdWnt3a-infected cells, suggested that Wntba could
antagonize the canonical Wnt signaling pathway by
reversing P-catenin expression driven by Wnt3a. The
tyrosinase activity assay revealed that Wnt3a in-
creased the tyrosinase activity and Wnt5a remarkably
reversed the tyrosinase activity induced by Wnt3a
(Fig. 4 B). We then studied the expression of tyrosi-
nase and TRP1 in co-infected cells compared with
AdWnt3a-infected cells. RT-PCR and Western blot
analyses each showed that Wnt5a down-regulated the
expression levels of these pigmentation-related
mRNAs and proteins upregulated by Wnt3a (Fig. 4 C
and D).

These results suggested that Wnt5a antagonized
the canonical Wnt signaling pathway in melan-a cells.
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4. Discussion

Wnt signaling plays an important role in essen-
tial developmental processes such as proliferation,
migration, and differentiation®-31. As a representative
noncanonical molecule, Wnt5a has been studied es-
pecially in melanoma3?-3 but its role in normal mela-
nocytes is not clearly understood.

In order to investigate the possible function of
Wntba in melanocytes, we introduced the “melan-a”
cell line which was derived from normal epidermal
melanoblasts of C57BL mice?. In this study, we in-
fected melan-a cells with AdWnt5a and verified that
Wntba protein was efficiently expressed. Therefore
we used melan-a cells infected with recombinant ad-
enoviruses as an in vitro cell model to explore the ef-
fect of Wntba in melanocytes.

Wnts control various cellular functions, includ-
ing proliferation. Previous studies showed that Wnt5a
inhibited the proliferation of human dental papilla
cells, human endothelial cells, and B cells8 3536, In th is
study, MTT and BrdU incorporation assays showed
that Wnt5a also suppressed the proliferation of me-
lan-a cells.

Then we investigated the influence of Wnt5a on
the melanogenesis of melanocytes. The melanin con-
tent assay and Tyrosinase activity assay both indi-
cated that Wnt5a inhibited melanogenesis in melan-a
cells. RT-PCR and Western blot analyses revealed that
Wntba down-regulated the expression level of the
pigment cell-specific genes, including tyrosinase and
TRP1 in melan-a cells. Our results suggested that
Wntba inhibited melanin synthesis through the
down-regulation of pigment cell-specific genes in
melanocytes.

The noncanonical Wnt signaling pathway is of-
ten referred to as B-catenin-independent and can be
divided into several categories, such as PCP,
Wnt/Ca?* and Wnt/Ror2 signaling pathways?. To
clarify which pathway Wnt5a induced in melano-
cytes, we detected RhoA, Dvl and Ror2, which are
classical molecules in PCP, Wnt/Ca2* and Wnt/Ror2
signaling pathways, respectively?. In contrast to in-
creasing Ror2 pathway expression in
AdWntba-infected cells, RhoA and Dvl remained
unchanged (data not shown). The receptor tyrosine
kinase Ror2 has been shown to act as a receptor or
coreceptor for Wntba to mediate Wnt5a-induced ac-
tivation of the Wnt/JNK pathway and inhibition of
the B-catenin-dependent canonical Wnt pathway?®"-3°.
So we focused on the Wnt/Ror2 signaling pathway in
this project. We detected the expression of JNK1,
JNK2 and c¢-JUN and revealed that Wnt5a could tran-
siently increase expression of these 3 mRNAs in a

short time (in the 24 h after AdWnt5a infection) and
revert back to baseline levels by 48h. Our data are
consistent with the result of Nomachi A. ef al. that
Wntba induces the activation of JNK in a
Ror2-dependent manner?”.

Our laboratory has recently shown that Wnt3a, a
typical canonical Wnt pathway molecule, promoted
melanogenesis of melanocytes via the up-regulation
of the expression of MITF, tyrosinase and TRP1'7 18,
Since Wntba generally functions by antagonizing the
canonical Wnt signaling pathway*’, we tested wheth-
er Wntba might inhibit melanin synthesis by sup-
pressing the Wnt3a mediated canonical signaling
pathway. Since p-catenin is the key downstream me-
diator of canonical Wnt signaling, we examined
B-catenin expression levels when melan-a cells were
infected with AdWnt3a or co-infected with AdWnt5a
and AdWnt3a. The results were consistent with our
previous observation that Wnt3a activated canonical
Wnt signaling by up-regulating p-catenin expression'”
and, Wntba reversed this response. In support of our
findings, Topol L. et al. have reported that Wnt5a an-
tagonized the canonical Wnt pathway by promoting
the degradation of B-catenin®. To investigate the ef-
fect of Wntba on melanin synthesis stimulated by
Wnt3a signaling, we analyzed the expression of tyro-
sinase and TRP1 in co-infected cells compared with
AdWnt3a-infected cells. The data revealed that Wnt5a
inhibited the expression of tyrosinase and TRP1 en-
hanced by Wnt3a suggesting that Wnt5a could inhibit
melanin synthesis by suppressing canonical Wnt sig-
naling in melanocytes.

In summary, we demonstrate that Wnt5a can ac-
tivate Wnt/Ror2 signaling and suppress canonical
Wnt signaling and thereby inhibit the proliferation
and melanin synthesis of melan-a cells.
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