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Activation of vitamin D receptor (VDR)- and peroxisome
proliferator-activated receptor (PPAR)-signaling pathways through
1,25(0H),D5 in melanoma cell lines and other skin-derived cell lines
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We have investigated expression of vitamin D receptor (VDR)
and peroxisome proliferator-activated receptors (PPAR)a, 9, y in
primary cultured normal melanocytes (NHM), melanoma cell
lines (MeWo, SK-Mel-5, SK-Mel-25, SK-Mel-28), a cutaneous
squamous cell carcinoma cell line (SCL-1) and an immortalized
sebocyte cell line (SZ95). LNCaP prostate cancer cells, MCF-7
breast cancer cells and embryonic kidney cells (HEK-293)
were used as controls. VDR and PPAR mRNA were detected,
quantitated and compared in these cell lines using real-time
quantitative polymerase chain reaction (RTqPCR). The expres-
sion patterns of these nuclear receptors (NRs) varied strongly
between the different cell lines according to their origin. PPARJ
and PPARy were less strongly expressed in the melanoma cell
lines and in the other skin-derived cell lines as compared to the
control cell lines. PPARa and VDR were stronger expressed
in the 1,25(OH),D;-sensitive melanoma cells (MeWo and in
SK-Mel-28) than in the 1,25(0OH),D;-resistent melanoma cell
lines (SK-Mel-5 and SK-Mel-25) or in NHM. Interestingly, VDR
expression was increased by the treatment with 1,25(OH),Dj; in
1,25(0OH),D;-sensitive melanoma cells but not in 1,25(OH),D;-
resistent melanoma cell lines. 1,25(OH),D; increased the
expression of PPARa in almost all cell lines analyzed. Our
results indicate a cross-talk between VDR- and PPAR-signaling
pathways in various cell types including melanoma cells. Further
investigations are required to investigate the physiological and
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pathophysiological relevance of this cross-talk. Because VDR-
and PPAR-signaling pathways regulate a multitude of genes that
are of importance for a multitude of cellular functions including
cell proliferation, cell differentiation, immune responses and
apoptosis, the provided link between VDR and PPAR may open
important new perspectives for treatment and prevention of
melanoma and other diseases.

Introduction

As the outermost layer of the skin, the epidermis offers protec-
tion against bacterial and viral infections, or mechanical and
chemical aggressions. It is a muldistratified epithelium. Progenitor
undifferentiated keratinocytes which migrate from basal to the
uppermost layer undergo a vectorial differentiation. This program
includes a biochemical differentiation, the sequential expression
of various structural proteins (e.g., keratins, involucrin and lori-
crin), and the processing and reorganization of lipids (e.g., sterols,
free fatty acids and sphingolipids), which provide a hydrophobic
barrier to the body.! By their diverse biological activities on
keratinocytes and other skin cells, nuclear receptors (NRs) like
peroxisome proliferator-activated receptors (PPARs) or like the
vitamin D receptor (VDR) represent a major research target for the
understanding and treatment of many skin diseases.?

Since their discovery in the early 1990s it has become clear
that PPARs are ligand-activated transcription factors that are
involved in the genetic regulation of complex pathways of
mammalian metabolism, including fatty acid oxidation and lipo-
genesis. Later these receptors have been shown to be implicated
also in cellular proliferation, differentiation, tumor promo-
tion, apoptosis and immune reaction/inflammation.> Three
genetically and functionally distinct PPAR isoforms have been
described: PPARa (NR1C1), PPARP or PPARS (also named
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NR1C2, FAAR or NUCI1) and PPARy (NRI1C3). All three
PPARs are adopted orphan nuclear hormone receptors®® and
exhibit distinct patterns of tissue distribution,” differ in their
ligand-binding domains. Of the three PPARs, PPARS represents
the receptor, that is widely expressed in a wide range of tissues
and cells, with relatively higher levels of expression noted in
skin, brain, adipose, kidney, heart and digestive tract, suggesting
possible developmental or physiological roles in these tissues.®12
PPARy is expressed at high levels in adipose tissue, and is
an important regulator of adipocyte differentiation and lipid
metabolism.!31> The highest PPARa. expression was shown in
the liver,’® and in tissues with high fatty acid catabolism such as
the kidney, heart, skeletal muscle and brown fat.>>!7>18 In human
epidermis not only all three types of PPARs were detected, but
also the VDR.

After activation through a ligand the conformation of NRs like
PPARs and VDR is altered and stabilized, resulting in the creation
of a binding cleft and recruitment of transcriptional coactivators.
After activation, PPARs and VDR form heterodimers with the
retinoid-X receptor (RXR). These heterodimers preferentially
bind to specific response elements, named peroxisome prolif-
erator response elements (PPREs) or vitamin D response elements
(VDREs), respectively, that are situated in enhancer sites of
regulated target genes and regulates gene expression. VDRE have
been reported in the proximal promoter of a number of vitamin
D-responding genes including the human vitamin D 24-hydroxy-
lase (CYP24).1920 The CYP24 gene is more than 10,000-fold
induced by 1,25(0OH),D; (1a,25-dihydroxyvitamin Dj, calcit-
riol), the biologically most active natural vitamin D metabolite,
and represents the most responsive primary 1,25(OH)2D3 target
gene.”! In contrast, most other known primary target genes of
1,25(0OH),D; appear to be much less responsive and often show
a physiological relevant inducibility of two-fold or less after treat-
ment with 1,25(OH)2D3.22’23

Recent published data show that, in the breast cancer cell
line MCF-7, 1,25(0OH),D; regulates PPARS-expression by
binding to a potent DR3-type VDRE only 350 bp upstream of
the transcription start site of the PPARS gene.?* Dunlop et al.>4
demonstrated that in MCF-7 and in the prostate cancer line
PC-3, VDR- and PPAR®-signaling pathways are connected at the
level of cross-regulation of their respective transcription factor
mRNA levels. Recently, we demonstrated a putative cross-talk
between the signaling pathways of PPARS and VDR in MeWo
melanoma cells.? In addition, we found hints for a similar cross-
regulation between the signaling pathways of PPARa and VDR
in MeWo cells.?>

As a step further in improving our understanding of the
relevance of nuclear receptors for skin physiology and pathophysi-
ology, we now investigated expression of VDR and PPARs in
primary cultured normal melanocytes (NHM), melanoma cell
lines (MeWo, SK-Mel-5, SK-Mel-25, SK-Mel-28), a cutaneous
squamous cell carcinoma cell line (SCL-1) and an immortalized
sebocyte cell line (SZ95). LNCaP prostate cancer cells, MCF-7
breast cancer cells, hepatoblastoma cells (HepG2), and embryonic
kidney cells (HEK-293) were used as controls.
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Results

VDR and PPARa, & are expressed in all skin-derived cell
lines. First, we examined mRNA expression of the three PPAR
subtypes and of VDR in all cell lines without any treatment using
RTqPCR. Figure 1A-C show that the VDR, PPARa and PPARS
are expressed in all cell lines analyzed. In general, VDR expres-
sion was stronger in melanoma cell lines as compared to NHM.
SK-Mel-28 and MeWo revealed higher levels of VDR expression
than SK-Mel-5 and SK-Mel-25 (Fig. 1A). Among the cell lines
not derived from skin, LNCaP and MCF-7 showed strong VDR
expression (Fig. 1A). Similar to VDR expression, the PPARa
expression was stronger in the melanoma cell lines MeWo and
SK-Mel-28 compared to the two other melanoma cell lines and the
other skin-derived cell lines (Fig. 1B). The expression of PPARS
and PPARy varied slightly between NHM and the individual
melanoma cell lines (Fig. 1C and D). Moreover, in the skin-derived
cell lines (above all in the melanoma cell lines), PPARS and PPARy
were not as strongly expressed as in the cell lines not derived from
skin. In SK-Mel-5 and SK-Mel-28 cells, the expression of PPARy
could not been detected. HepG2 showed strongest expression of
all PPARs as compared to other cell lines analyzed. HepG2 cells
revealed a relatively low VDR expression combined with a very
high expression of CYP24 (data not shown). This gene expression
pattern indicates that HepG2 cells inactivate 1,25(0OH),D; very
quickly, indicating that a redosing with 1,25(OH),D; every 48 h
would be ineffective. Therefore we renounced on a treatment of
HepG2 cells with 1,25(OH),D;. All the other the cell lines were
treated with 1,25(0OH),Dj; in a concentration of 108 M in order
to find hints for a cross-talk between the signaling pathways of
PPARS and VDR.

1,25(OH)2D3 treatment increases VDR expression in mela-
noma cell lines MeWo and SK-Mel-28. We treated NHM,
melanoma cell lines (MeWo, SK-Mel-5, SK-Mel-25, SK-Mel-28),
SCL-1, S795, HEK-293, LNCaP and MCF-7 with 1,25(0H)2D3
(10 M) over 120 h and quantified RNA expression using
RTqPCR-technology. As a control for the effectiveness of the cell
treatment we analyzed the expression of the CYP24 gene, the most
responsive primary 1,25(OH)2D3 target gene. In all treated cell
lines 1,25(0OH),D; induced significantly the expression of CYP24
(Fig. 2A). Expression of VDR was not in all cell lines increased after
1,25(0OH), D5 treatment (Fig. 2B). NHM, SZ95 and above all the
melanoma cell lines MeWo and SK-Mel-28 showed an increase
in VDR expression (NHM: 18-fold, p < 0.05; SZ95: 2-fold,
p < 0.005; MeWo: 4.5-fold, p < 0.0005; SK-Mel-28: 3-fold,
p < 0.005). In contrast, 1,25(0OH),D; had no effect on VDR
expression in the melanoma cell lines SK-Mel-5 and SK-Mel-25.
In accordance with this, induction of CYP24 expression was less
pronounced in SK-Mel-5 and SK-Mel-25 (about 1,000-fold;
p < 0.005) as compared to MeWo and SK-Mel-28 (about 10,000-
fold; MeWo: p < 0.0005, SK-Mel-28: p < 0.005) (Fig. 2A).

1,25(OH)2D3 treatment increased PPARo expression in
all melanoma cell lines. The PPARa expression after 120 h
of 1,25(0OH),D; treatment was analyzed in the different cell
lines using RTqPCR (Fig. 2C). We show that treatment with
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Figure 1. (A) VDR expression without treatment after 120 h of cell culture in melanoma cell lines (MeWo, SK-Mel-5, SK-Mel-25, SK-Mel-28) compared to
NHM, SCL-1, SZ95 and cell lines not deriving from skin (HEK-293, HepG2, LNCaP, MCF-7) measured with RTqPCR. (B) PPARc expression without treat-
ment after 120 h of cell culture in melanoma cell lines (MeWo, SK-Mel-5, SK-Mel-25, SK-Mel-28) compared to NHM, SCL-1, SZ95 and cell lines not deriv-
ing from skin (HEK-293, HepG2, LNCaP, MCF-7) measured with RTqPCR. (C) PPARS expression without treatment after 120 h of cell culture in melanoma
cell lines (MeWo, SK-Mel-5, SK-Mel-25, SK-Mel-28) compared to NHM, SCL-1, SZ95 and cell lines not deriving from skin (HEK-293, HepG2, LNCaP,
MCF-7) measured with RTQPCR. (D) PPARy expression without freatment after 120 h of cell culture in melanoma cell lines (MeWo, SK-Mel-5, SK-Mel-25,
SK-Mel-28) compared to NHM, SCL-1, SZ95 and cell lines not deriving from skin (HEK-293, HepG2, LNCaP, MCF-7) measured with RTqPCR.

1,25(0OH),Dy; increases PPARo expression in all melanoma cell
lines (MeWo and SK-Mel-25: about 1.5-fold, p < 0.05; SK-Mel-5:
about 1.5-fold, p < 0.005; SK-Mel-28: about 2-fold, p < 0.005).
A significant increase of the PPARaL expression was also observed
in SZ95 (about 1.5-fold, p < 0.005), LNCaP (about 3.5-fold, p <
0.005) and MCF-7 (about 1.5-fold, p < 0.05). In NHM, PPARa
expression was not modulated by 1,25(0OH),Ds.

1,25(OH)2D3 treatment increased PPARS expression in
MeWo and NHM. Using RTqPCR we analyzed PPARS expression
in the different cell lines after 120 h of 1,25(0OH),D; treatment
(Fig. 2D). 1,25(OH),D; increased the PPARS expression only in
MeWo (1.5-fold, p < 0.05) and in NHM (2-fold, p < 0.005). In
SK-Mel-28 and in MCE-7 the PPARS expression was even lower
after 120 h of 1,25(OH),D treatment as compared to the vehicle
(EtOH)-treated controls.

PPARY expression after 1,25(OH),D; treatment in melanoma
cell lines. Like PPARa and PPARS, the third PPAR subtype,
PPARy was analyzed after 120 h of 1,25(0OH),D; treatment
using RTqPCR technology (Fig. 2E). According to the cell line
analyzed, PPARY expression was increased (SK-Mel-25, LNCaP)
or decreased (SK-Mel-5, SK-Mel-28, SCL-1, MCE-7). The treat-
ment with 1,25(OH),D; did not increase the very low PPARy

expression in most melanoma cell lines analyzed.
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Discussion

In the present study, we compared for the first time PPAR and
VDR mRNA expression in different melanoma cell lines, in other
skin derived cell lines, and in cell lines not derived from the skin.
LightCycler-based RTqPCR was chosen to detect and quantitate
NR expression because of its broad dynamic range of detection,
quantitative reliability, and reproducibility. We showed that PPAR
and VDR expression varied strongly between the different cell lines
according to their origin. In addition to this, cell lines expressing
the PPARs at high levels not necessarily expressed the VDR
strongly. This confirms a recently published paper, subdividing the
NRs into several clades, 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.
VDR and PPARs were assigned to a distinct cluster of NRs.2
Studying the expression profile of NRs in different cell lines offers
a simple, powerful way to obtain highly related information about
their physiological functions as individual proteins.

We show that melanoma cell lines and other skin-derived cell
lines express PPARO and PPARy less strongly as compared to
the cell lines not deriving from skin that we analyzed. The cell
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Figure 2 (see previos page). (A) Relative ratios (left) and changes (right) of CYP24A1 expression after 120 h 1,25(OH),D5 treatment (black) compared
to control (grey) in melanoma cell lines (MeWo, SK-Mel-5, SK-Mel-25, SKMel-28), NHM, SCL-1, SZ95 and cell lines not deriving from skin (HEK-293,
LNCaP, MCF-7) (*p = 0.05; **p < 0.005; ***p < 0.0005) measured with RTqPCR. (B) relative ratios (left) and changes (right) of VDR expression
after 120 h 1,25(0OH),D; treatment (black) compared to control (grey) in melanoma cell lines (MeWo, SK-Mel-5, SK-Mel-25, SKMel-28), NHM, SCL-1,
SZ95 and cell lines not deriving from skin (HEK-293, LNCaP, MCF-7) (n.s. >0.05; *p < 0.05; **p =< 0.005; ***p < 0.0005) measured with RTqPCR.
(C) relative ratios (left) and changes (right) of PPARa expression after 120 h 1,25(0OH),D5 treatment (black) compared to control (grey) in melanoma
cell lines (MeWo, SK-Mel-5, SK-Mel-25, SKMel-28), NHM, SCL-1, SZ95 and cell lines not deriving from skin (HEK-293, LNCaP, MCF-7) (n.s. >0.05;
*p = 0.05; **p = 0.005) measured with RTqPCR. (D) relative ratios (left) and changes (right) of PPARS expression after 120 h 1,25(0OH),D; treatment
(black) compared to control (grey) in melanoma cell lines (MeWo, SK-Mel-5, SK-Mel-25, SKMel-28), NHM, SCL-1, SZ95 and cell lines not deriving
from skin (HEK-293, LNCaP, MCF-7) (n.s. >0.05; *p < 0.05; **p = 0.005) measured with RTqPCR. (E) relative ratios (left) and changes (right) of PPARy
expression after 120 h 1,25(0H),D; treatment (black) compared to control (grey) in melanoma cell lines (MeWo, SK-Mel-5, SK-Mel-25, SKMel-28),

NHM, SCL-1, SZ95 and cell lines not deriving from skin (HEK-293, LNCaP, MCF-7) (n.s. >0.05; *p < 0.05; **p < 0.005) measured with RTqPCR.

line HepG2 deriving from liver, one of the organs playing an
important role in lipid and glucose metabolism, expresses high
levels of PPARs. Interestingly, in our study the melanoma cell
lines MeWo and SK-Mel-28 strongly expressed PPARo. These
results are in agreement with recently published data, showing
high levels of mRNA and protein expression in human melanoma
cell lines compared to NHM.?’ In addition, we show that PPAR«
and VDR are stronger expressed in MeWo and SK-Mel-28 than
in SK-Mel-5 and SK-Mel-25 or in NHM. Thus, VDR expression
in these cells correlates with their sensitivity to the antiprolif-
erative effects of 1,25(0OH),D;.?® Analysing cell proliferation,
Reichrath et al.?? identified the existence of 1,25(0OH),D;-
sensitive (MeWo and SK-Mel-28) and 1,25(0OH),D;-resistent
melanoma cell lines (SK-Mel-5 and SK-Mel-25). The present
study showes that 1,25(0OH),D; treatment induces VDR expres-
sion in 1,25(0OH),D;-sensitive cell lines (MeWo and SK-Mel-28)
but had no effect in SK-Mel-5 and SK-Mel-25. In addition to
this, expression of the CYP24 gene, the most responsive primary
1,25(0H),D; target gene, was increased after treatment with
1,25(0OH),D; about 10 times stronger in the 1,25(0OH),D;-
sensitive melanoma cell lines than in the 1,25(0OH),D;-resistent
melanoma cell lines. These increases of VDR and CYP24 expres-
sion can be explained by the presence of at least one VDRE in
enhancer sites of target genes.3®3! In our study, treatment with
1,25(0OH),D; did not increase VDR expression in all cell lines
analyzed. The regulation of the expression of 1,25(OH),D; target
genes is very complex and not only depends on the type of VDRE
but also on a multitude of coactivators and corepressors or on other
unknown mechanisms.3!

In a recent study, Dunlop et al.?4 revealed a potent VDRE in
the human PPARS promoter. It was demonstrated that PPARS
is a primary 1,25(0OH),D;-responding gene and that VDR and
PPARS signalling pathways are interconnected at the level of cross-
regulation of their respective transcription factor mRNA levels.24

We here show that treatment with 1,25(OH),D; increases the
expression of PPARa in all analyzed melanoma cell lines, but also
in a part of the other cell lines. PPARa having no known VDRE
in its promoter does not belong to the known primary target
genes of 1,25(0OH),Ds. It can be speculated whether the increase
in PPARa expression after treatment with 1,25(0OH),D; may be
induced via indirect mechanisms.

It is well known that signaling pathways of a large number of
NRs are interconnected. The present study suggests that VDR
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and PPARa are co-expressed in melanoma cell lines. Our findings
indicate a cross-talk between VDR- and PPARa-signaling pathways
that is of importance for the ability of these NRs to modulate gene
expression. Moreover, since both the VDR and PPAR compete
for their predominant heterodimerisation partner, RXR, complex
transcriptional regulation of target genes may be expected when
these NRs are activated. Considering the enormous number of
direct and indirect target genes of VDR and PPARY, it is tempting
to speculate that these NRs may modulate proliferation and
differentiation of normal and malignant melanocytes via various
mechanisms. 1,25(0OH),D; exerts a significant inhibitory effect
on the G,/S checkpoint of the cell cycle by upregulating the cyclin
dependent kinase inhibitors p27 and p21, and by inhibiting cyclin
D1.28 Beside the growth regulation of cells, 1,25(0OH), Dy also has
an effect on tumor invasion, angiogenesis and metastastic behavior
in various malignancies.’®32-35 It has been demonstrated that
treatment with several PPAR ligands inhibits cell proliferation in
melanoma cells and in other cell lines.? In addition to this, PPARa
activation by corresponding ligands decreases the metastatic
potential both in BI6F10 mouse melanoma cells and in human
SkMel188 cells in vitro via downregulation of Akt signaling.36
Activation of PPAR signaling pathways by 1,25(OH),D; or other
vitamin D ligands may open new perspectives for treatment or
prevention of malignant melanoma.

In summary, we showed that the expression patterns of VDR
and PPARs differ in individual cell lines according to their origin.
Our results suggest that the signaling pathways of the VDR and
the PPARs are interconnected not only in melanoma cell lines but
also in a large number of other cell lines. This cross-talk involves
the presence of VDR- and PPAR-response elements and a compe-
tition for the same heterodimerisation partner, RXR. However,
the complete mechanisms of this cross-talk between the VDR and
PPAR signaling pathways are not yet known. Further investigations
are required to evaluate the physiological and pathophysiological
relevance of this cross-talk. The signaling pathways of PPARs and
VDR regulate a multitude of genes that are of importance for
various cellular functions including cell proliferation, cell differ-
entiation, immune responses and apoptosis. The findings of this
study may therefore open new perspectives for treatment and/or
prevention of melanoma and other diseases.

Materials and Methods

Cell culture. All cell lines were seeded into culture dishes
(10 cm in diameter) (Greiner, Frickenhausen, Germany) and
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cultivated at 37°C. The human melanoma cell lines (MeWo,
SK-Mel-5, SK-Mel-25, SK-Mel-28) and the cutaneous squamous
cell carcinoma cell line (SCL-1) were cultivated in Roswell
Park Memorial Institute 1640 medium (RPMI) (10% fetal calf
serum (FCS), 1% L-Glutamin, 1% penicillin/streptomycin, 37°C,
5% CO,). LNCaP prostate cancer cells were also grown in RPMI,
but supplemented with 5% FCS. The immortalized sebocyte cell
line SZ95 were cultivated using Sebomed medium (10% FCS,
0.002% epidermal growth factor, 1% penicillin/streptomycin,
37°C, 5% CO,). The primary cultured normal melanocytes
(NHM) were grown in melanocyte growth medium and supple-
mented with 0.4% bovine pituitary extract, 1 ng/ml basic fibroblast
growth factor, 5 ug/ml insulin, 0.5 pug/ml hydrocortison, 10 ng/
ml PMA, 1% penicillin/streptomycin and 0.05% amphotericin B.
The hepatoblastoma cells (HepG2), the breast cancer cells
(MCEF-7) and the embryonic kidney cells (HEK-293) were culti-
vated in Dulbecco’s modified eagle’s medium (DMEM) (10% ECS,
1% L-Glutamin, 1% penicillin/streptomycin, 37°C, 5% CO,).
Semi-confluent cells were incubated with or without 1,25(OH),D5
over 120 h in a concentration of 10 M. 1,25(0H),D; was
redosed every 48 h. Treatment of cells with vehicle (ethanol)
alone served as control. 1,25(OH),D; was purchased from Sigma
(Taufkirchen, Germany). The concentration of 1,25(0H),D;
(108 M) was choosen because we had found in previous experi-
ments that this concentration is highly effective in inducing
genomic effects in melanoma cells®> without exerting toxic
effects.

RNA isolation. RNA isolation was carried out with RNeasy
Kit (Qiagen, Hilden, Germany) according to the manufacturers
manual. RTqPCR reactions were carried out with Omniscript RT
Kit (Qiagen, Hilden, Germany), using Oligo-dT-primers and 2 ug
mRNA per reaction as a template.

Quantitative real time PCR (RTqPCR) and analysis. Expression
of the human VDR, CYP24 and the PPAR isotype genes was
analyzed in MeWo cells using RTqPCR (60 cycles in LightCycler,
Roche Molecular Biochemicals, Mannheim, Germany) and gene-
specific primers from Qiagen (Hilden, Germany) and TIB Molbiol
(Berlin, Germany) (Table 1). In order to calculate the normalized
ratio, the relative amount of target gene (VDR, CYP24 and the
PPARs) and a reference gene ($2-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 different
detection sensitivities of target and reference amplicons. Thus the
normalization to a calibrator provided a constant calibrator point
between PCR runs. Each sample was analyzed in quadruplicate;
final values were expressed as median of N-fold differences in target
gene expression in treated samples relative to the control samples.

Statistical analysis. All data are presented as mean + standard
deviation for at least three experiments. Statistical significance was

www.landesbioscience.com

Table 1 Gene-specific primers used in RTqPCR

Primer Sequence Source
PPARa QuantiTect Primer Assay (QTO0017451)  Qiagen
PPARS QuantiTect Primer Assay (QT00078064)  Qiagen
PPARy 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'

CYP24 (forward)  5-GCA GCC TAG TGC AGA TTT-3'  TIB Molbiol

CYP24 (reverse) 5'-ATT CAC CCA GAA CTG TTG-3'

B2 uglobulin 5'-CCA GCA GAG AAT GGA AAG TC-3' TIB Molbiol
(forward)

B2 uglobulin 5'-GAT GCT GCT TAC ATG TCT CG-3'

(reverse)

calculated by the Student’s t-test. Mean differences were considered
to be significant when p < 0.05 (*), decisive (highly significant)
when p < 0.005 (**), and conclusive when p < 0.0005 (***).
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