
Abstract. The expression and signaling of the vitamin D
receptor (VDR) and peroxisome proliferator-activated
receptor (PPAR) α, δ, γ was investigated in the melanoma
cell line MeWo. Using real-time PCR, the mRNA of the
nuclear receptors (NR) was detected. The strongest
expression was found for the VDR, approximately 3-fold
higher compared to the expression of PPARα or PPARδ, and
the weakest expression was for PPARγ. After treatment with
corresponding ligands, the expression of the VDR, PPARα
and PPARδ was elevated up to 5-fold, while the PPARγ
expression was not significantly affected. Treatment with
1α,25-dihydroxyvitamin D3 (1,25(OH)2D3, calcitrol)
resulted in 40%  inhibition of MeWo cell proliferation, that
was associated with a 5-fold increase in VDR mRNA.
Interestingly, cell proliferation was differentially modulated
by treatment with the PPAR ligands. While docosahexaenoic
acid (DHA) treatment resulted in a statistically significant
increase (approximately 10% ), the other PPAR ligands
inhibited MeWo cell proliferation. GW501516 (PPARδ
ligand) and WY14643 (PPARα ligand) both had an
antiproliferative effect of approximately 10% . These
antiproliferative effects were not associated with modulation
of PPARα or PPARδ expression. In contrast, stimulation of
MeWo proliferation by DHA was associated with a 3- and
4-fold increase in the expression of PPARα and PPARδ,
respectively. Analyzing the cross-talk between the VDR and
PPAR signaling pathways, the 1,25(OH)2D3 treatment
resulted in an approximately 2-fold increase in expression of
PPARα and PPARδ, while the expression of PPARγ was
unaffected. Treatment with GW501516 and WY14643 resulted

in an increase in the VDR expression (2-fold after 120 h).
The simultaneous treatment with 1,25(OH)2D3 partially
antagonised the DHA- and alpha-linolenicacid (ALA)-
induced up-regulation of PPAR expression. In contrast,
treatment with the PPAR ligands had no pronounced effect
on the 1,25(OH)2D3-induced increase in VDR expression.
Simultaneous treatment with the PPAR ligands bezafibrate
or ALA resulted in an up to 6-fold reduction of the
1,25(OH)2D3-induced elevation of the 1α,25-
dihydroxyvitamin D3-24-hydroxylase (CYP24A1) expression.
Simultaneous treatment with the PPAR ligands and
1,25(OH)2D3 resulted in only marginal modulation of
1,25(OH)2D3-induced inhibition of cell proliferation.
However, simultaneous treatment with bezafibrate and
1,25(OH)2D3 resulted in a statistically significant partial
antagonisation of the 1,25(OH)2D3-induced inhibition of
MeWo cell proliferation. In conclusion, PPAR and VDR have
a role in growth regulation in melanoma cells and
functionally relevant cross-talk between these nuclear
signaling pathways is indicated, but not at the level of cell
proliferation, where 1,25(OH)2D3 has a dominant effect.

Malignant melanoma is the most aggressive form of skin
cancer, with a dramatic increase in incidence and co-
morbidity, worldwide in recent years (1). Metastasized
malignant melanoma has a very poor prognosis (2). It is
highly resistant to conventional chemotherapeutic treatments,
with dacarbazine having the best single-agent efficacy (2).
Furthermore, multiagent chemotherapeutic regimens showed
no evidence of prolonged overall survival rates in melanoma
patients compared to dacarbazine treatment alone (3, 4).
Thus, there is a need to develop new therapeutic and
preventive approaches for melanoma, using synthetic or
natural substances to prevent or reverse the transition of
premalignant lesions into invasive cancer (5). 

Substances with a potential role in melanoma chemo-
prevention or therapy include vitamin D analogs and
peroxisome proliferator-activated receptor (PPAR) ligands,
such as lipid-lowering drugs, fibrates and statins (6-13). It is
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well known that 1α,25-dihydroxyvitamin D3 (1α,25(OH)2D3,
calcitriol), the most biologically active natural vitamin D
metabolite, acts via binding to its corresponding intranuclear
receptor (VDR), present in target tissue cells (14). The VDR
belongs to the nuclear receptor (NR) superfamily of trans-
acting transcriptional regulatory factors, which includes the
steroid and thyroid hormone receptors as well as the retinoid-
X receptors (RXR) and retinoic acid receptors (RAR) (15-
17). In various cell types, including normal and malignant
human melanocytes, the effects of 1α,25(OH)2D3 and VDR-
mediated genomic pathways include the regulation of cell
growth and differentiation (reviewed in 6 and 7; 18-20). Non-
genomic cytoplasmic signaling pathways are increasingly
being recognized as well. Additionally, 1,25(OH)2D3-
mediated effects on tumor invasion, angiogenesis and
metastastic behavior have been shown in various
malignancies (reviewed in 6 and 7; 18-20). 1,25(OH)2D3
exerts a significant inhibitory effect on the G1/S checkpoint
of the cell cycle by up-regulating the cyclin-dependent kinase
inhibitors p27 and p21, and by inhibiting cyclin D1 (reviewed
in 7). Indirect mechanisms of 1,25(OH)2D3-mediated growth
regulation include the up-regulation of transforming growth
factor-β and the down-regulation of the epidermal growth
factor receptor (reviewed in 7). 1,25(OH)2D3 has the capacity
to induce apoptosis either indirectly through effects on the
insulin-like growth receptor and tumour necrosis factor-α or
more directly via the B-cell lymphoma 2 (Bcl-2) family
system, the ceramide pathway, the death receptors (e.g. Fas
receptor) and the stress-activated protein kinase pathways
(Jun N terminal kinase and p38) (reviewed in 7).
Mechanisms involved in the 1,25(OH)2D3-induced inhibition
of tumor invasion and metastasis include inhibition of serine
proteinases and metalloproteinases (reviewed in 7) as well as
the up-regulation of E-cadherin (21). This role is further
suggested by the fact that the VDR gene is a target of
epithelial to mesenchymal transition (EMT) promoters such
as Snail1 (22). EMT is an organised process during
development and is under the control of master gene
regulators such as transcription factors Snail, Slug and Twist,
amongst others (23). The discovery of the derivation of
cutaneous melanomas from the migratory neural crest cell
population supports the intrinsic predisposition hypothesis
(24). In addition to this, elements of the neural crest
molecular circuitry responsible for migratory behaviour
during development might be reactivated during melanoma
pathogenesis. Little is known at present about the
transcriptional regulation of Slug and other melanocyte-
specific factors that may be of importance for melanoma
pathogenesis and progression, by NRs.

In a variety of human carcinomas, PPAR ligands and other
agents influencing the PPAR signaling pathways have been
shown to have chemopreventive potential by mediating
tumor suppressive activities. Therefore modulating PPAR

signaling pathways represents a potential novel strategy for
inhibiting tumor carcinogenesis and progression. Three
genetically and functionally distinct PPAR isotypes have
been described: PPARα (NR1C1: nuclear receptor subfamily
1, group C, member 1), PPARδ (NR1C2) and PPARγ
(NR1C3). All three PPARs are adopted orphan nuclear
hormone receptors (25-27), but exhibit distinct patterns of
tissue distribution (28).

PPARδ is expressed in a wide range of tissues and cells,
with relatively higher levels of expression noted in the skin,
brain, adipose tissue, kidney, heart and digestive tract,
suggesting possible developmental or physiological roles in
these tissues (29-33). PPARγ is expressed at high levels in
adipose tissue and is an important regulator of adipocyte
differentiation and lipid metabolism (34-36). High levels of
PPARγ have also been observed in post-mitotic and
differentiated colonic epithelial cells (37-39). PPARγ is also
found in other cell types, such as hepatocytes, fibroblasts,
and epithelial cells (31, 40). The highest PPARα expression
has been shown in the liver (41) and in tissues with high
fatty acid catabolism such as the kidney, heart, skeletal
muscle and brown fat (31, 42, 43).

PPARs are activated by a number of natural ligands such as
long-chain fatty acids, in particular, polyunsaturated fatty acids
(including linoleic acid, linolenic acid and arachidonic acid)
(44-46). In the last decade, a large number of synthetic ligands
have been identified. These include the thiazolidinediones
(troglitazone, rosiglitazone, pioglitazone), a class of insulin-
sensitizing agents and the fibrates (bezafibrate, clofibrate,
fenofibrate), which are used as hypolipidaemic drugs. Interest
in exploiting these NRs is testified to by the existence of
newer ligands such as GW2331, GW9578, GW501516, L-
165041, L-796449, L-805645 and WY14643 (47).

After activation through a ligand, the PPARs and VDR
form a heterodimer with the RXR. This heterodimer
preferentially binds to specific peroxisome proliferator or
vitamin D response elements in enhancer sites of the
regulated target genes and regulates gene expression. The
complex regulatory network of PPAR and VDR signaling
pathways, and the interaction between them, deserves
systematic analysis. These pathways regulate a multitude of
genes that are of importance for the regulation of various
cellular functions including cell proliferation, cell
differentiation, immune responses and apoptosis and may
therefore also play an important role in cancer treatment and
prevention.

Recently, NRs have been sub-divided into several classes,
depending upon tissue-specific expression patterns. This
classification may reflect shared responsibility in
coordinating the transcriptional programs necessary to
execute idiotypic physiological pathways within any given
tissue or organ (48). Consequently, the VDR and PPARs
were assigned to a distinct cluster of NRs. Studying the
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expression profile of NRs in individual tissues offers a
simple yet powerful way to obtain highly related information
about their physiological functions as individual proteins
(48). Considering the enormous number of direct and
indirect target genes of the VDR and PPARs, it is tempting to
speculate that these NRs may modulate proliferation and
differentiation of normal and malignant melanocytes at least
in part via direct or indirect regulation of melanocyte-
specific factors. In this paper, the expression profile of the
VDR and PPARs was analyzed in the melanoma cell line
MeWo to further elucidate the putative role of these NR
signaling pathways for the growth of melanoma cells.
Additionally, putative cross-talk between the VDR and
PPARs, a hypothesis that has been supported by recent
findings, was investigated. It has been shown that the human
PPARδ gene is a primary target of 1,25(OH)2D3 and its NR
(49). Moreover, since both the VDR and PPAR compete for
their predominant heterodimerisation partner, RXR complex
transcriptional regulation of target genes may be expected
when both NR types are activated.

Materials and Methods

Cell culture. Human melanoma cell line, MeWo (50), established
from a metastatic melanoma lymph node, were obtained from the
tumor and cell line bank of the Dermatology clinic of the Saarland
University Hospital. The MeWo cells were cultivated in RPMI
(supplemented with 10%  FCS) at 37°C, in a 5%  CO2 atmosphere
using culture dishes (diameter, 10 cm) or 24-well plates (Greiner,
Frickenhausen, Germany). Semi-confluent cells were incubated with
10%  FCS (charcoal-treated), with or without 1,25(OH)2D3 and
various PPAR ligands (alpha-linolenicacid (ALA), bezafibrate,
docosahexaenoicacid (DHA), GW501516, or WY14643, or the
indicated ligand combinations. Treatment of cells with vehicle
(ethanol) alone served as the control treatment. 1,25(OH)2D3 and
the PPAR ligands bezafibrate, ALA, DHA and WY14643 were
purchased from Sigma (Taufkirchen, Germany). GW501516 was
purchased from Alexis/Axxora (Lörrach, Germany). The
concentration of 1,25(OH)2D3 (10–8 M) was chosen because it was
previously shown to be highly effective in inducing genomic effects
in MeWo cells which strongly express the VDR (51) without
exerting toxic effects. With the exception of bezafibrate, PPAR

ligands were used at a concentration of 10–8 M as well. Because
PPAR ligands and 1,25(OH)2D3 are cytotoxic at higher
concentrations, we used low ligand concentrations in our studies. It
was important to minimize toxic effects because the cells were
treated for over 120 h to show transcriptional effects on mRNA
levels. However, only fibrates activate PPARs at concentrations in
the high micromolar range (52). The final concentration of 200 μM
for bezafibrate was chosen because this concentration showed
significant effects without exerting any cytotoxicity in other studies
(53). All treatments were repeated every 48 h.

Proliferation assay. The cells were plated at a density of 1×103

cells/well into 24-well plates. Cell proliferation was quantified by
crystal violet (CV) dye staining. The cells were washed once with
PBS and fixed with ethanol (70% ) for 30 min at room temperature.
The cells were then incubated with a CV solution (1%  w/v in 20%
ethanol) for 30 min at room temperature and rinsed with water
thoroughly. After drying, the dye was extracted with 70%  ethanol
and its absorbance determined at 550 nm using a microplate reader
(Titertek Multiskan Plus MK II, Labsystems, Helsinki, Finland).

RNA isolation. RNA isolation was carried out with a RNeasy Kit
(Qiagen, Hilden, Germany) according to the manufacturer’s manual.
The quantitative real-time (RTq) PCR was carried out with an
Omniscript RT Kit (Qiagen), using Oligo-dT-primers and 2 μg RNA
per reaction as a template.

Quantitative real-time PCR (RTqPCR) and analysis. The expression
of the human VDR, 1α,25-dihydroxyvitamin D3-24-hydroxylase
(CYP24A1) and the PPAR isotype genes was analyzed in the MeWo
cells using RTqPCR (60 cycles in a LightCycler; Roche Molecular
Biochemicals, Mannheim, Germany) and gene-specific primers
from Qiagen and TIB Molbiol (Berlin, Germany) (Table I). In order
to calculate the normalized ratio, the relative amount of the target
gene (VDR, CYP24A1, PPAR) and a reference gene (β2-
microglobulin) was determined for each sample and one calibrator,
integrated into each LightCycler run. The relative ratio of target to
reference for each sample and for the calibrator was first calculated
to correct for sample-to-sample variations caused by differences in
the initial quality and quantity of the nucleic acid (Roche, technical
note LC 13/2001). The target/reference ratio of each sample was
then divided by the target/reference ratio of the calibrator using
relative quantification software (Roche Relquant). This second step
normalized the different detection sensitivities of the target and
reference amplicons. Thus the normalization to a calibrator provided
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Table I. Primers used in RTqPCR. 

Primer Sequence Source

PPARα QuantiTect Primer Assay (QT00017451) Qiagen
PPARδ QuantiTect Primer Assay (QT00078064) Qiagen
PPARγ QuantiTect Primer Assay (QT00029841) Qiagen
VDR (forward) 5’-CCA GTT CGT GTG AAT GAT GG-3’ TIB Molbiol
VDR (reverse) 5’-GTC GTC CAT GGT GAA GGA-3’
CYP24A1 (forward) 5’-GCA GCC TAG TGC AGA TTT-3’ TIB Molbiol
CYP24A1 (reverse) 5’-ATT CAC CCA GAA CTG TTG-3’
β2-Μicroglobulin (forward) 5’-CCA GCA GAG AAT GGA AAG TC-3’ TIB Molbiol
β2-Μicroglobulin (reverse) 5’-GAT GCT GCT TAC ATG TCT CG-3’



a constant calibrator point between the PCR runs. Each sample was
analyzed in quadruplicate; the final values were expressed as the
median of N-fold differences in the target gene expression in the
treated samples relative to the control samples.

Statistical analysis. All the data are presented as mean±SEM of at
least 3 experiments. Statistical significance was calculated by the
Student’s t-test. The mean differences were considered to be
significant when p<0.05. 

Results

Proliferation of MeWo cells. Treatment with the VDR ligand
1,25(OH)2D3 resulted in strong and statistically significant
inhibition of cell proliferation (40%  after 120 h, p<0.0005)
(Figure 1). Treatment with the PPAR ligands differentially
modulated the proliferation of the MeWo cells. While
treatment with several PPAR ligands resulted in a statistically
significant inhibition of cell proliferation (approximately

10%  after 120 h with either GW501516 or WY14643,
p<0.0005), treatment with DHA resulted in a small
statistically significant increase of cell proliferation
(approximately 10%  after 120 h, p<0.005) (Figure 1).
Treatment with ALA or bezafibrate resulted only in a weak
and statistically insignificant inhibition of cell proliferation
(4% , p=0.3936 and 5% , p=0.0705, respectively) (Figure 1).
In combination with the PPAR ligands, 1,25(OH)2D3,
appeared to have a dominant inhibitory effect on cell
proliferation. Whilst combination with ALA, DHA and
WY14643 appeared to have no effect on the cell numbers
inhibited by 1,25(OH)2D3, GW501516 and bezafibrate had a
slightly antagonistic effect by increasing the cell numbers to
63.44%  and 65.82% , relative to the control, respectively.

VDR, PPARα, δ and PPARγ expression. The RTqPCR analysis
revealed that the mRNAs for PPARα, δ, γ and the VDR were
expressed in the MeWo melanoma cells (Figure 2a-e). The
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Figure 1. MeWo cell numbers as a percentage of the control (EtOH) after 120 h of culture. n.s., Not significantly different form the control;
significantly different from the control at **p<0.005 and ***p<0.0005.



steady state level of the VDR gene expression was
approximately 3 times higher compared to the expression of
PPARα and δ (p<0.0005) (Figure 2a), while the expression of
PPARγ was lowest and almost undetectable. No significant
change in the relative mRNA expression levels of any the NRs
analyzed was observed over the 120 h cultivation period
(Figure 2b-e). 

Effect of VDR and PPAR ligand treatment on receptor gene
expression. The steady state levels of the VDR, PPARα and
PPARδ genes were increased up to 5-fold by treatment with
their corresponding ligands, whilst the expression of PPARγ
was not modulated (Figure 3a-d). The ligand-induced
increase in expression was most pronounced and statistically
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Figure 2. a, MeWo cells untreated, cultured over 24, 48, 72, 96, 120 h
(in total 20 values for each gene). b, Correlation between PPARα
expression and time of culture. c, Correlation between PPARδ expression
and time of culture. d, Correlation between PPARγ expression and time
of culture. e, Correlation between VDR expression and time of culture.
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Figure 3. Effect of ligand treatment on VDR and PPAR expression. n.s., Not significantly different form the control; significantly different from the
control at *p<0.05, **p<0.005 and ***p<0.0005.



significant: for the VDR after treatment with 1,25(OH)2D3
(3-fold after 24 h, p<0.0005; more than 4-fold after 120 h,
p<0.0005) (Figure 3a); for PPARα after treatment with
either bezafibrate or ALA (approximately 4-fold after 120 h,
p<0.05) (Figure 3b) and for PPARδ after treatment with
bezafibrate, ALA or DHA (approximately 3-fold after 120
h; bezafibrate: p<0.0005; ALA: p<0.005 and DHA: p<0.005)
(Figure 3c). Treatment with WY14643 and GW501516,
selective PPARα and PPARδ ligands, respectively, mostly
did not modulate the PPAR gene expression. The exceptions
to this were the modest increases in VDR, PPARα and
PPARδ expression with WY14643, as well as VDR
expression after 120 h treatment with GW501516.

Cross-talk between VDR- and PPAR-signaling pathways. At
both 24 h and 120 h, the 1,25(OH)2D3 treatment resulted in a
statistically significant, 1.5-fold increase in expression of PPARα
(p<0.05), whilst the expression of PPARγ was not significantly

affected (Figure 3b and 3d). PPARδ expression was slightly
increased by 1,25(OH)2D3 treatment at 24 h (p<0.05), but by
120 h the effect was not significant. Interestingly, treatment with
several PPAR ligands resulted (after 120 h) in an increase in
VDR expression (approximately 2- to 3-fold, GW501516 and
WY14643, p<0.0005; approximately 1.5-fold, ALA and DHA,
p<0.05) (Figure 3a). Moreover, simultaneous treatment with
1,25(OH)2D3 and PPAR ligands led to a significant 1.5-fold
increase of PPARα expression compared to the treatment with
PPAR ligands alone after 24 h of treatment (bezafibrate, DHA
and GW501516, p<0.05, ALA and WY14643, p<0.005) (Figure
4a). The PPARδ expression was only increased by the
combination of 1,25(OH)2D3 with bezafibrate (p<0.005) or
DHA (p<0.05) after 24 h. The bezafibrate or ALA-induced up-
regulation of the PPARα and PPARδ expression was after 120 h
of treatment partially antagonised (PPARα: bezafibrate: p<0.005,
ALA: p<0.05; PPARδ: bezafibrate: p<0.05, ALA: p<0.005)
(Figure 4 a-b).
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Figure 4. PPAR expression in MeWo cells treated with 1,25(OH)2D3 plus ligand in comparison with the PPAR ligand alone.



The simultaneous treatment with the PPAR ligands had
differential effects on the 1,25(OH)2D3-induced up-regulation
of VDR expression. While treatment for 120 h with DHA or
GW501516 elevated (p<0.05) the 1,25(OH)2D3-induced up-
regulation of VDR expression, treatment with other PPAR
ligands (bezafibrate: p<0.0005, ALA: p<0.05) reduced the
1,25(OH)2D3-induced up-regulation of VDR expression
(Figure 3a).

As shown in Table II, the treatment with 1,25(OH)2D3
increased the ratios of VDR/PPARα and VDR/PPARδ as
compared to the treatment with vehicle (ethanol) alone.
Interestingly, treatment with the PPAR ligands GW501516
and WY14643 increased the ratios of VDR/PPARα and
VDR/PPARδ as well. The highest ratios of VDR/PPARα
and VDR/PPARδ were observed after simultaneous
treatment with 1,25(OH)2D3 and GW501516 or WY14643.
In contrast to treatment with GW501516 or WY14643,
treatment with DHA, ALA and bezafibrate in general
reduced the ratios of VDR/PPARα and VDR/PPARδ. After
simultaneous treatment with 1,25(OH)2D3 and DHA, ALA
or bezafibrate the ratios of VDR/PPARα and VDR/PPARδ
in general decreased as compared to the ratios after
treatment with 1,25(OH)2D3 alone.

Effect of PPAR activation on 1,25(OH)2D3-mediated gene
transcription. In order to provide insight into the functionality
of 1,25(OH)2D3-mediated signaling, the levels of a known
target gene, CYP24A1, were assessed and as expected, the
steady state mRNA was robustly up-regulated by 1,25(OH)2D3
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Table II. VDR/PPARα and VDR/PPARδ ratios after 120 h of treatment
with different VDR and/or PPAR ligands 

Treatment VDR/PPARα VDR/PPARδ

Without treatment 5.0 3.7
EtOH 3.6 4.5
1,25(OH)2D3 11.5 12.3
Bezafibrate 1.3 1.9
ALA 1.2 1.6
DHA 2.1 1.9
WY14643 6.6 7.9
GW501516 11.4 10.0
1,25(OH)2D3+bezafibrate 10.6 8.4
1,25(OH)2D3+ALA 6.0 8.9
1,25(OH)2D3+DHA 9.4 11.4
1,25(OH)2D3+WY14643 11.3 15.6
1,25(OH)2D3+GW501516 15.2 17.5

Figure 5. Effect of ligand treatment on CYP24A1 expression in MeWo cells compared with EtOH (vehicle, control). n.s., Not significantly different
form the control; significantly different from the control at *p<0.05, **p<0.005 and ***p<0.0005.



(Figure 5). Simultaneous treatment with the PPAR ligands
bezafibrate (p<0.0005), GW501516 (p<0.05) and ALA
(p<0.05) resulted in an up to 6-fold reduction of the
1,25(OH)2D3-induced stimulation of CYP24A1 gene
expression. Simultaneous treatment of DHA with 1,25(OH)2D3
resulted in a statistically significant (p<0.005) increase in
CYP24A1 gene expression compared to the treatment with
1,25(OH)2D3.

Discussion

Earlier investigations showed that PPARα activation reduced
the metastatic potential both in B16F10 mouse melanoma
cells and in human SkMel188 cells in vitro via down-
regulation of Akt signaling (5). In the present study, the
PPAR mRNA expression in MeWo cells was presented for
the first time. LightCycler-based RTqPCR was chosen to
detect and quantify NR expression because of its broad
dynamic range of detection, quantitative reliability, and
reproducibility. Interestingly, the expression of PPARγ was
very weak (near the detection limit), questioning whether the
previously reported antiproliferative effects of PPARγ
agonists on MeWo cells (4) were indeed mediated via
signaling pathways of this NR or via other unknown
mechanisms. The VDR expression was approximately three
times higher compared to the expression of PPARα and δ. It
is well accepted that the responsiveness to NR ligands varies
with the number of corresponding receptors in the target
tissues. Therefore, these findings were well in line with our
observation that 1,25(OH)2D3 exerts stronger effects on
MeWo proliferation as compared to PPAR ligands. No
significant change in expression of any of the NRs was
observed over the 120 h culture. 

It was previously shown that NR expression may be
induced in target tissues by treatment with the corresponding
ligands, and that this up-regulation is in many cases of high
importance for mediating the biological effects of the NR
ligands (23). Interestingly, in the present study, the
expression of VDR, PPARα and PPARδ, but not of PPARγ
was induced, up to 5-fold, by the ligand treatment. The
increase in expression was most pronounced for VDR after
treatment with 1,25(OH)2D3 (3-fold after 24 h, up to 5-fold
after 120 h), for PPARα after treatment with bezafibrate or
ALA and for PPARδ after treatment with bezafibrate, ALA
or DHA (all approximately 4-fold after 120 h). 

Treatment of the MeWo cells with the VDR-ligand
1,25(OH)2D3 resulted in strong and statistically significant
inhibition of cell proliferation which was in agreement with
our previous results (51). Treatment with the PPAR ligands
differentially modulated proliferation, while GW501516 or
WY14643 resulted in a statistically significant inhibition,
DHA resulted in statistically significant increase and ALA
or bezafibrate only in weak and not significant inhibition of

cell proliferation. These results were in line with other
findings. The effects of PPAR were reported to vary strongly
with dosage, high concentrations (up to 30 μM ciglitazone,
troglitazone, rosiglitazone, pioglitazone) exerting
antiproliferative effects while low concentrations might even
stimulate cell proliferation (4). In the present study, a
concentration of 10–8 M was chosen both because significant
effects on cell growth were shown previously and because
this concentration may be reached in clinical use. At higher
doses, the use of ciglitazone and other PPAR ligands is
limited because of several side-effects (54).

It has previously been reported that the human PPARδ
gene was a direct transcriptional target of 1,25(OH)2D3 (49),
but this effect was not observed in the present study. This
was possibly because different time-points and a different
cell type was used. However, in combination with bezafibrate
and DHA, this hormone was able to induce PPARδ
expression, thereby indicating that interactions do occur. It
is possible that endogenous PPAR ligands produced by other
cell types might allow for gene activation events.
1,25(OH)2D3 was also responsible for an up-regulation in
the expression of PPARα, both after one and five days of
treatment. However, it is difficult to determine whether this
was a direct effect because of the long time lapse between
hormone addition and the first measurement by RT-PCR of
the expression of the NR gene levels. This needs to be
determined in future studies. 1,25(OH)2D3 also had an
inhibitory effect on the gene activiation by the PPAR ligands.
Bezafibrate-, ALA- and DHA-induced PPARδ expression
was suppressed in the presence of 1,25(OH)2D3 at 120 h.
Again, it is difficult to suggest that these were primary
effects and further clarification is needed.

Mild antiproliferative effects were observed with
GW501516 and WY14643 treatment, which correlated with
an increase in VDR expression afforded by these compounds,
at the same time-point (120 h, Figure 3a). It is therefore
tempting to speculate that these compounds augment the
VDR signaling system to achieve their antiproliferative
action. However, the capability of MeWo cells to synthesise
1,25(OH)2D3 de novo should be verified. Knowing that
treatment with the PPAR ligands did not increase the
CYP24A1 gene expression (Figure 5), it is alternatively
possible that the VDR protein itself exerts an antiproliferative
effect since it was unregulated by the hormone wherever an
antiproliferative effect was observed.

In summary, PPARs and the VDR are expressed in
melanoma cells and, besides 1,25(OH)2D3, some of the
PPAR ligands investigated inhibit the proliferation of MeWo
cells. Additionally, the biological effects of PPAR ligands on
melanoma cells may, at least in part, be mediated via vitamin
D-signaling pathways. Stimulation of MeWo cells with
PPAR ligands modulates the expression of the VDR, which
may increase the sensitivity of these cells for the action of
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endogeneously produced 1,25(OH)2D3. Treatment with
PPAR ligands, at least in part, antagonizes the
antiproliferative effects of 1,25(OH)2D3. These effects may
be due to cross-talk between PPAR- and VDR-mediated
nuclear signaling pathways that is at least in part explained
by the fact that both types of NR compete for the same
heterodimerisation partner, RXR. Further investigations are
required to show the importance of this effect. In conclusion,
PPARs may be of importance for growth regulation in
normal and malignant melanocytes and may represent a
therapeutical target in malignant melanoma. 
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