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Abstract

1,25-dihydroxyvitamin D3 affects proliferation, differentiation and apoptosis and protects DNA
against oxidative damage with a net tumorostatic and anticancerogenic effects. It acts through a
specific nuclear receptor that is widely distributed through the body. Although a beneficial role of
vitamin D in melanoma patients has been suggested, there is a lack of information on the changes
in the expression pattern of vitamin D receptor during progression of pigmented lesions. Using
immunohistochemistry, we analyzed expression of vitamin D receptor in 140 samples obtained
form 82 patients, including 25 benign nevi, 70 primary cutaneous melanomas, 35 metastases, 5 re-
excisions, and 5 normal skin biopsies. The strongest expression was observed in normal skin that
significantly decreased in melanocytic proliferations with the following order of expression:
normal skin > melanocytic nevi > melanomas = metastases. The vitamin D receptor expression in
skin surrounding nevi and melanoma was also significantly reduced as compared to normal skin.
Tumor-infiltrating and lymph node lymphocytes retained high levels of vitamin D receptor. There
was negative correlation between tumor progression and vitamin D receptor expression with a
remarkable decrease of the immunoreactivity in nuclei of melanoma cells at vertical versus radial
growth phases, and with metastatic melanomas showing the lowest cytoplasmic receptor staining.
Furthermore, lack of the receptor expression in primary melanomas and metastases was related to
shorter overall patients’ survival. In addition, the receptor expression decreased in melanized
melanoma cells in comparison to amelanotic or poorly pigmented cells. Therefore, we propose
that reduction or absence of vitamin D receptor is linked to progression of melanocytic lesions,
that its lack affects survival of melanoma patients, and that melanogenesis can attenuate the
receptor expression. In conclusion, changes in vitamin D receptor expression pattern can serve as
important variables for diagnosis, predicting clinical outcome of the disease and/or as a guidance
for novel therapy of melanomas based on use of vitamin D or its derivatives.
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Introduction

Secosteroid vitamin D3 is a product of ultraviolet B (UVB) induced photochemical
transformation of 7-dehydrocholesterol [1], which further undergoes sequential
hydroxylation at positions 25 (liver) and 1 (kidney) to form 1,25-dihydroxyvitamin D3
(1,25(0H)2D3; calcitriol), a product that is involved in broad range of biological processes
[2]. 1,25(0OH)2D3 is also produced locally in the skin, where it regulates functions of the
epidermis, hair follicles and skin immune system [3-7]. The best known function of vitamin
D3 is the regulation of calcium-phosphate homeostasis targeting the intestine, kidney and
bone cells [2,7]. However, recent investigation revealed that many other cells and organs are
susceptible to pleiotropic bioregulatory activities of 1,25(0H)2D3 that are different from the
calcemic action [2,7-11]. Thus, it acts as immunomodulator, which enhances native immune
activity while inhibiting local and systemic proinflammatory reactions. 1,25(0OH)2D3 can
also serve as an antioxidant, can affect pathways and processes essential for the maintenance
of cell integrity, and it inhibits the growth and induces the differentiation of cultured normal
and malignant cells by arresting cell cycling at GO/G1 and/or G2/M phases [2,7,8,10,11]. It
also can inhibit in vivo growth of variety of tumors as documented by studies in animal
models as well as by epidemiological analyses [12,13]. Similar antiproliferative and
differentiation inducing properties are displayed by novel vitamin D3 hydroxyderivatives
generated through the action of P450scc enzyme [14-19].

The ability of vitamin D3 to regulate the above processes is dependent on the presence of
the vitamin D receptor (VDR), which belongs to a large superfamily of nuclear receptors
with highly conserved nuclear and ligand-binding domains [9,11,20]. In the cytoplasm, after
binding 1,25(0OH)2D3 VDR heterodimerizes with retinoic acid X receptor (RXR) and is
translocated to the nucleus. This complex recruits coactivating molecules and binds to
vitamin D response elements (VDRE) located in promoter of many vitamin D-responsive
genes. VDR is widely distributed through the body being present in almost all tissues and
cells including skin [2,7,9,20]. One of the first publication reporting VDR presence outside
organs involved in calcium-phosphate homeostasis (intestine, kidney and bone tissues) and
showing anti-cancer properties, was the work of Colston et al [21] regarding its expression
in skin and melanoma cell lines. Subsequent experiments on human melanoma cell lines
confirmed that VDR is present in melanoma cells, although level of its expression was
heterogeneous among different cell lines [22].

Melanoma arises through malignant transformation of melanocytes from either pre-existing
melanocytic nevi or de novo from the single melanocytes that are located at the junction of
the epidermis [23]. After invasion of the papillary dermis, melanoma progresses from the
radial growth phase (non-tumorogenic melanoma) to the vertical growth phase [24]. It must
also be noted that melanoma is a tumor with most rapidly increasing worldwide incidence
and a very high mortality rate due to very low sensitivity to existing therapies once it starts
to metastasize [23]. Therefore, there is a continuous effort to develop targeted and effective
approaches in advanced melanomas treatment. Although there is a clear-cut correlation
between exposure to solar radiation and melanoma incidence, Berwick et al. study [25] and
others [26] have suggested that chronic UV-exposure provides protection against melanoma,
with the most likely causal factor being through local vitamin D production. Further
evidence for a putative preventive role of vitamin D in melanoma development is provided
by VDR gene polymorphism epidemiological studies [27] and that levels of 25-
hydroxyvitamin D3 may affect prognosis in melanoma patients [28-30]. This in conjunction
with well known anti-cancerogenic effects of vitamin D3 and its reported in vitro anti-
melanoma activity, led us to perform the first (in our knowledge) comprehensive evaluation
of VDR in cohort of patients with benign and malignant melanocytic skin lesions. We
analyzed VDR expression in correlation with clinical data, histological type, stage,
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morphology, proliferation and apoptotic activity (using bcl-2 staining) in pigmented nevi
and melanomas in order to determine the VDR expression pattern, correlation of VDR
immunostaining with proliferation, apoptosis, melanin synthesis, to verify its potential role
in melanoma progression, prognosis and eventually vitamin D-based therapy in selected
patients.

Materials and methods

Tissue samples

Pathological tissue samples were obtained from 82 patients (41 females, 41 males; the mean
age was 37.5 + 15.9 years, ranging from 19 to 85 years of age in patients with benign lesion
and 58.8 + 14.6 years, ranging from 22 to 90 in patients with malignant tumors) who were
treated in the Lukaszczyk Oncology Center, Bydgoszcz, Poland during the period of 2003—
2009. All of the participants were Caucasians. Normal skin was obtained from 5 patients
undergoing other surgical operations. Tissue samples were selected from the archive
randomly and included 25 benign nevi, 69 primary cutaneous melanomas, 35 metastases, 5
local recurrences and 5 normal skin samples. The sections were evaluated by two
pathologists, according to World Health Organization Classification of melanocytic tumors.
The representative pictures of hematoxilin and eosin-stained sections of analyzed lesions are
shown in Supplemental Fig 1. The group of benign lesions contained 4 junctional, 10
intradermal, 7 compound, 4 dysplastic nevi. The primary tumors included 30 superficial
spreading, 37 nodular and 2 acral lentiginous melanomas. Melanomas were classified
according to Clark’s stage and Breslow’s depth and included: 4 melanomas at Clark’s stage
I, 6 at Clark’s stage 11, 23 at Clark’s stage 11, 24 at Clark’s stage 1V, 12 at Clark’s stage V.
Breslow’s thickness of studied melanomas was 0-1 mm for 16 cases; 1.1mm-2mm for 10
cases, 2.1mm-3mm for 10 cases, 3.1mm-4mm for 5 cases, and more than 4.1mm for 28
cases. Characteristics of patients and clinicopathologic features are summarized in Table 1.
All local recurrences and 33 out of 35 metastases were matched with primary lesions from
the same patients. This study was approved by the Committee of Ethics of Scientific
Research of Collegium Medicum of Nicolaus Copernicus University, Poland.

Immunohistochemistry

Formalin-fixed paraffin embedded samples of pathological and normal skin were used in our
study. The protein expression of VDR and Bcl2 were studied by immunostaining using
monoclonal antibodies (clone 97A; Abcam Inc., Cambridge, MA, USA, clone 124; Dako,
Glostrup, Denmark; respectively) according the standards protocols used in our laboratories.
After antigen retrieval achieved by microwave heating in TrissfEDTA (pH 9.0), sections
were blocked with blocking serum (Vector Laboratories Inc., Burlingame, CA, USA), and
incubated with rat monoclonal antibody (clone 9A7; Abcam Inc., Cambridge, MA, USA) at
dilution 1:75 in TBS with 0.5 % BSA overnight at 4°C. In the negative controls, the primary
antibody was omitted. Next, secondary anti-rat antibody was added for 30 min (Vector
Laboratories Inc., Burlingame, CA, USA) followed by incubation with Vectastain® ABC-
AP Reagent for 30 min and the immunoreactions detection using the alkaline phosphatase
substrate (Vector Laboratories Inc., Burlingame, CA, USA). Endogenous alkaline
phosphatase activity was blocked with Levamisol solution according to the manufacture’s
protocol (Vector Laboratories Inc., Burlingame, CA, USA). Sections were mounted under
the Faramount medium (Dako, Glostrup, Denmark).

The protein expression of Bcl2 was studied on the consecutive sections, according the
manufacturer’s procedure. Briefly, antigen retrieval was achieved by microwave heating in
Tris/EDTA (pH 9.0). After quenching of the endogenous peroxidase activity with 3% of
H»0,, sections were incubated with primary monoclonal mouse antibodies at dilution 1:100
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with TBS with 0.1 % BSA for 30 minutes at room temperature (RT). Next, anti-mouse
HRP-labeled secondary, anti-mouse antibody (EnVision+System HRP Labelled Polymer
Anti-Mouse, Dako, Glostrup, Denmark) was added for 30 minutes at RT, followed by
rinsing with TBS. Finally, DAB (Dako, Glostrup, Denmark) was applied for 5 minutes, and
then sections were counterstained with hematoxylin, dehydrated and mounted (Consul
Mount, Thermo Shandon). The positive controls for Bcl-2 staining were sections of lymph
node.

Immunolabeled sections were viewed under Nikon Eclipse 80i light microscope (equipped
with Nikon Digital Sight DS Fil-U2 digital camera and NIS-Elements BR 3.0 software
(Nikon Instruments Europe B.V., Badhoevedorp, The Netherlands).

Morphological evaluation of immunostained sections

VDR and Bcl-2 immunostaining intensity of normal epidermis, nevi, melanoma and
metastases was scored semiquantitatively by two independent observers (WJ and AB) from
0 to 3 arbitrary units (A.U.) with 0 as negative (0), weak (1), moderate (2) and strong (3).
For Bcl-2, the tumor areas showing immunoreactivity and maximal staining intensity were
also recorded. VDR staining intensity in pigmented lesions was evaluated with reference to
intense reddish-pink basal layer of normal skin epidermis, scored as strong. Light reddish-
pink and light pink stained cells were scored as cells with moderate or weak VDR
expression, correspondingly. The VDR expression was assessed for cytoplasm and nuclei of
cells separately. Moreover it was evaluated in the epidermis surrounding pigmented lesions.
In melanomas the immunostaining of cells of radial and vertical growth phases was
estimated separately.

Melanin content was graded as 0 if melanin was absent, 1 if faint or plain melanin was
visible in up to 50% of cells and 2 if clear melanin was present in more than 50 % of cells.
Muitotic activity and solar elastosis (SE) were assessed on sections stained with hematoxylin
and eosin. Mitotic activity was assayed both as mitosis per mm? and highest mitosis number
per high powerfield view. The SE was evaluated as 0 absent, 1 if SE reached skin adnexa
and 2 if SE was extensive and visible through entire dermal thickness.

Cell culture experiments

Human SKMel-188 melanoma cells were cultured in Ham’s F10 medium (low in precursors
to melanin) supplemented with 5% fetal bovine serum (Sigma, St. Louis, MO, USA) and 1%
penicillin/ streptomycin/ amphotericin antibiotic solution (Sigma, St. Louis, MO, USA). The
induction of melanogenesis was achieved either by switch to the DMEM medium (rich in
precursors to melanin) [31]. After 3 days, the cells were harvested protein extracted and
submitted for western blot analyses as described previously [15]. Briefly, non pigmented
and pigmented cells were lysed in RIPA cell lysis buffer (Cell Signaling, Danvers, MA,
USA) and whole cell proteins isolated. The amount of proteins is determined using Bradford
protein assay kit (BioRad, Hercules, CA, USA). Levels of VDR and B-actin were assessed
by western blotting as described previously. The primary antibodies used were the rabbit
polyclonal antibodiy of anti-VDR (H-81, Santa Cruz Inc, Santa Cruz, CA, USA) at 1:1 000
dilution and anti-p actin-peroxidase (Sigma) at 1.7 000 dilution. Secondary antibody used
was anti rabbit -HRP (Santa Cruz Inc, Santa Cruz, CA, USA) 1:7 000 dilution. Resulting
bands on the immunoblot were developed with the ECL developer system (Pierce,

Rockford, IL, USA) and visualized on a Kodak Imager

Statistical analyses

Statistical analysis of the results was performed with the Prism 4.00 (GraphPad Software,
San Diego, CA). The statistical analysis was done using t-test for comparison of two groups
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or with one-way analysis of variance (ANOVA) for three of more groups. To evaluate the
association between VDR staining and categorical variables the Pearson’s correlation was
used. Survival analysis was performed using Log-rank test. P < 0.05 was considered
statistically significant.

VDR expression in human skin melanocytic lesions

Immunohistochemistry performed on 140 formalin fixed-paraffin-embedded sections of
melanocytic nevi, primary melanomas, metastases and normal skin with anti-VDR antibody
showed marked differences among different lesions. In general, the stain was stronger in
normal (keratinocytes and lymphocytes) than in tumor (nevocytes, melanoma) cells. In
normal and tumor cells, the VDR immunoreactivity was present both in the cytoplasm and
nucleus (Fig. 1 a-k, Fig. 2 a). The predominance of nuclear and cytoplasmic expression of
VDR depended on histological type of skin pigmented lesions, with the significant
differences observed in melanomas only. In the epidermis of normal skin, stronger intensity
of VDR staining was observed in nuclei of keratinocytes. In the suprabasal layer, VDR
expression was slightly but significantly lower than in the basal keratinocytes (Fig. 2 b).

The highest expression of VDR was in nuclei of normal epidermal keratinocytes that
significantly decreased in melanocytic proliferations with following order of expression:
normal skin > melanocytic nevi > melanomas = metastases (Fig. 3 a). Cytoplasmic VDR
expression in normal skin keratinocytes was similar to melanocytes of nevi, and it
significantly decreased in primary melanomas and metastases (Fig. 3 b). Metastatic and
primary tumor melanoma cells showed similar VDR immunoreactivity both in nuclei and
cytoplasm (Fig. 3 a-b). VDR reduction with the development of pigmented lesions was more
pronounced in cell nuclei than in cytoplasm. Five of analyzed primary melanomas (4
superficial spreading melanomas, 1 nodular melanoma) arose within the nevi. In two of
them with highest Breslow’s thickness (>4mm), nevus cells showed stronger VDR
expression than melanoma cells.

When melanomas were stratified according to the Clark’s level and Breslow’s depth, there
was gradual decrease of VDR expression in comparison to melanocytic nevi with significant
difference observed already for Clark’s level 111 or Breslow’s depth of 1.1-2 mm
(cytoplasm) or 3.1-4 mm (nuclei) (Fig. 4a-d). These differences were observed both in
cytoplasm and nuclei, however, stronger reduction of VDR immunoreactivity was in the
cytoplasm. For melanoma progression, assessed using Clark’s level, the observed negative
correlation was statistically significant for cytoplasmic VDR expression; r=—0.253,
p=0.0417 in radial growth phase; r=—0.3087, p= 0.0124 for cytoplasmic in vertical growth
phase. Similar negative correlation for cytoplasmic VDR was observed in melanomas
assessed according Breslow’s thickness: r=—0.3392, p= 0.0075 in radial growth phase; r=
—0.4336; p=0.0005 in vertical growth phase. In addition, for melanomas classified according
Breslow’s scale negative correlation between progression of tumor and VDR nuclear
staining was also observed: r= —0.3045; p=0.0170, and r=—0.2526; p= 0.0495 for radial and
vertical growth phases, correspondingly. It should be noted that melanomas of highest
Clark’s and Breslow’s stages had significantly reduced cytoplasmic VDR immunostaining
as compared to less advanced tumors (Fig. 4 b, d), with similar changes in nuclear VDR
expression of melanomas assessed using Breslow’s depth (Fig. 4 ¢). Moreover, cells at the
vertical growth phase showed significantly reduced VDR immunoreactivity in comparison
to the radial growth phase (Fig. 4 e, f). Interestingly, VDR expression also decreased in the
deeper layer of melanocytic nevi (data not shown).
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VDR expression was also depended on the type of tumor. Both the nuclear and cytoplasmic
immunoreactivities were significantly lower in more aggressive nodular melanomas than in
superficial spreading melanomas (Fig. 4 g). Moreover, cytoplasmic VDR immunoreactivity
of primary melanomas that metastasized (metastasizing melanomas) was significantly lower
than in primary non-metastasizing tumors (Fig. 4 h, i). When metastasizing and non-
metastasing primary melanomas were stratified according growth pattern of primary tumors
(SSM or NMM), these differences were more pronounced and also included stain in the
nuclei of NMM (data not shown). However, we have not found any correlation between
VDR expression and other markers of poor prognosis such as satellitosis, ulceration or
vascular invasion [24]. Concerning melanocytic nevi, the nuclear and cytoplasmic
immunoreactivities of VDR were similar among their different histological types (data not
shown).

Nevertheless, the presence and behavior of melanocytic lesions considerably affected the
nearest environment (Fig. 5 a-d). Thus, VDR expression in skin surrounding melanocytic
tumors was markedly lower in comparison to normal skin (Fig. 5 ¢, d). This reduction was
seen both in basal and suprabasal keratinocytes of the epidermis (Fig. 5 a, b).

To better understand the dynamic of disease progression in individual patients, we
performed a matched analysis of VDR expression in recurrent versus primary melanomas
and found a heterogenous pattern. Nuclear VDR staining decreased only in two recurrent
lesions, while in the remaining three lesions, the VDR expression was slightly higher (but
statistically not significant) in recurrent melanomas. Paired analysis of metastases and
primary tumors revealed similar VDR staining intensity in the cytoplasm of two and in
nuclei of nine patients. Lower VDR expression was found in the cytoplasm of fourteen and
in the nuclei of five cases of the metastatic lesions as in comparison to primary melanomas.
However, in eighteen and seventeen cases VDR expression in nuclei and cytoplasm,
respectively, was higher in metastases than in primary tumors. However, this expression was
still lower in comparison to normal skin, melanocytic nevi or tumor infiltrating
lymphocytes. Statistically significant differences for VDR expression were for VGP cells of
primary melanoma vs metastases or recurrent disease (p=0.0094 and p=0.0036,
correspondingly). There were no significant differences in VDR expression for RGP cells
and corresponding metastatic or recurrent disease.

Importantly, we analyzed VDR expression in relation to overall survival (OS) of the patients
and found that high VDR expression was a factor that favorably influenced the OS in
melanoma cohort (Fig. 6, Table 2). Thus, the VDR expression in both primary and
metastatic melanomas was important for survival of the patients (Fig. 6 a-c). Lack of VDR
in primary lesions and metastases related to shorter overall survival time. Specifically,
differences in the survival of melanoma patients with, respectively, low and high VDR
staining intensity in nuclei of cells of RGP in comparison to cases without VDR (Fig. 6a)
were statistically significant (p=0.0244 and p=0.0411). The Log rank test showed that the
trend was significant (Chi square = 4.141; p=0.0419). Patients with lack of cytoplasmic
VDR expression in VGP also had significantly shorter overall survival time than patients
with low and high VDR expression (p=0.0442; p=0.0493, respectively; Fig. 6b). Similarly,
the low nuclear VDR expression in metastases had the significant impact (p=0.0175) on
survival of melanoma patients. The median overall survival for melanoma cohort in relation
to cytoplasmic and nuclear VDR expression is also summarized in Table 2. The t-student
test analysis of the data summarized in table 2 shows significantly shorter OS for the
patients with lack of nuclear VDR in melanoma cells, confirming the log-rank (Mantel-Cox)
test analysis listed in figure 6. There were no differences between VDR expression both in
cytoplasm and nucleus and diseases free survival.
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Nuclear VDR expression depends on melanin synthesis

The nuclear, but not cytoplasmic expression of the VDR in primary melanomas was
significantly lower in highly melanized melanoma cells in comparison to amelanotic or
poorly melanized melanomas (Fig. 7 a-€). This pattern was common for both radial and
vertical growth phases (Fig. 7 a, b, d, €). There was no difference in VDR expression
between amelanatic and poorly melanized melanoma cells. Also there was no correlation
between melanin content and VDR expression in tested melanocytic nevi (not shown),
which suggests the selectivity for malignant lesions.

To confirm the negative correlation between melanogenesis and VDR expression we
induced melanin synthesis in human SKMel-188 melanoma cells (31), by using media riche
in melanin precursors. Induction of melanin production was observed and it was
accompanied by a marked decrease of VDR expression as evaluated by WB using antibodies
against VDR (Fig. 7c).

Mitotic and anti-apoptotic activity and VDR expression in skin melanocytic lesions

In general, nodular melanomas demonstrated significantly higher mitotic activity as
compared to superficial spreading melanomas. The mean mitotic activity in all tumors was
4.5 per mm? (ranging from 0 to 57) and 6.8 per high microscopic power field view (ranging
from 0 to 60) and was inversely correlated with VDR cytoplasmic immunoreactivity (r=
—0.3529, p=0.0027). The mitotic activity was highest in melanomas with lowest or no VDR
expression in the cytoplasm. The mitotic activity was not linked to nuclear VDR expression
(Supplemental Fig. 2 a, b), but it correlated with melanoma progression assessed with
Clark’s level (r=0.3015, p=0.0106) and Breslow’s thickness (r=0.4200, p=0.0003), although
no statistically significant differences were observed between primary metastasizing and
non-metastasizing nodular melanomas. On the contrary, superficial spreading melanomas
that metastasized revealed significantly higher mitotic activity. Mitotic activity was lower in
melanomas with high melanin synthesis, but this relationship was not statistically
significant, most likely due to large scatter of the mitotic index among cases.

Bcl-2 expression was highest in nevi, decreased in melanomas and was the lowest in
metastases (Supplemental Fig. 2 c, d). There were no differences in Bcl-2 expression
between radial and vertical growth phases (not shown). Furthermore, we did not observe any
significant relationship between Bcl-2 and cytoplasmic VDR expression in melanoma cells.
However, we found that maximal Bcl-2 expression was the highest in melanomas with
highest VDR nuclear expression at the vertical growth phase as compared to maximal Bcl-2
in melanomas with no VDR expression (data not shown).

Solar elastosis and VDR expression in skin pigmented lesions

The solar elastosis as an indicator of UV-induced skin damages or absorbed UV radiation
was analyzed in primary melanomas and nevi. In melanoma patients solar elastosis was
slightly correlated with age (r=0.2363, p=0.0198). In nevi we did not observe such
relationship. Solar elastosis was significantly higher in melanomas arising in extremities as
compared to nevi (Supplemental Fig. 2e). Solar elastosis in other parts of the body was
similar in the analyzed pigmented lesions. Among melanoma cases, the highest solar
elastosis was observed in head and neck being significantly higher than in the trunk
(Supplemental Fig. 2f). There was no correlation between solar elastosis and VDR
expression in melanomas. In nevi arising in extremities the solar elastosis was significantly
lower as compared to these in head and neck (Supplemental Fig. 29).
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Discussion

The data above on the correlation between VDR expression and clinical parameters,
histological type, stage, morphology, proliferation and apoptotic activity (using bcl-2
staining) represents in our knowledge the first comprehensive evaluation of VDR in cohort
of patients with melanocytic nevi and melanomas. The VDR expression was the strongest
for normal non involved skin and it decreased with following orders of expression: normal
skin> melanocytic nevi > melanomas = metastases for nuclear localization, and normal
skin= melanocytic nevi > melanomas = metastases for the cytoplasmic location. The VDR
expression also decreased along the tumor progression stage and there was marked negative
correlation between strong melanin pigmentation and VDR expression. Also there was
negative correlation between cytoplasmic VDR stain and mitotic activity and melanoma
cells with high expression of nuclear VDR had the highest expression of bcl-2. There was no
correlation between VDR levels and solar elastosis. Finally, lack of VDR expression in
primary melanomas and metastases correlated with shorter overall survival time. These
results are in agreement with cell culture-based studies that suggested a role for VDR in
biology of melanomas [21,22] as well as with population-based studies showing that VDR
gene polymorphism [27,30,32,33] or local generation of vitamin D or levels of circulating
25(0H)D3 [6,25,28,29] can alter disease susceptibility and prognosis of melanoma patients.

The lower expression of VDR in melanocytic nevi than in normal or perilesional skin,
represented the opposite pattern reported for the basal and squamous cell carcinomas vs
normal skin [34,35]. The VDR expression in melanomas correlated with histological type,
staging and mitotic activity, with more aggressive forms having lower expression of VDR.
Such reduction of receptor expression can affect some of malignant features of melanoma
cells including unlimited replicative potential or an ability to invade the dermis [36,37]. In
our studies, we observed significant mitotic rate in melanomas without VDR. This is
consistent with published data showing that VDR can regulate target genes related to cell
cycle control [2,10]. Lack or very low VDR expression in vertical growth phase is consistent
with tumor progression leading to a decreased tumorostatic activity of vitamin D3 due to
shortage of its receptor that in turn could promote an aggressive behavior of the tumor. In
accordance, lack of either nuclear or cytoplasmic VDR in primary lesions or metastases
correlated well with shorter overall survival time (Figure 6, Table 2). Thus, testing for VDR
expression not only can provide mechanistic explanation for some aspects of melanoma
progression but also may be of clinical value, predicting the outcome of the disease.

In the progression of melanocytic lesions, the alterations of both cytoplasmic and nuclear
VDR was observed suggesting that balance between both compartments is relevant for the
regulatory actions of vitamin D3. For example, nuclear localization of VDR is in accordance
with the receptor binding to the VDRE in target genes. Therefore, the more pronounced
reduction in nuclear as compared to cytoplasmic VDR staining along progression of
pigmented lesions could contribute to the escape of melanoma cells from homeostatic
surveillance and growth control, especially of the regulatory mechanisms dependent on the
ligand activated receptor activity. In other neoplasms alternations in cytoplasmic and nuclear
VDR-staining was also found along different stages of tumorogenesis [38—40], which, for
example, included decreased nuclear VDR expression during development of colorectal
tumors [38].

In melanomas regulation of apoptosis represents a balance between expression of pro-and
antiapoptotic proteins. Interestingly, our studies have shown high expression of Bcl-2 in
benign melanocytic nevi with its decrease in melanomas with the lowest expression in more
malignant tumors. This somewhat counterintuitive observation is in agreement with other
reports showing a similar trend in Bcl-2 expression (reviewed in [24]). Vitamin D3
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decreases anti-apoptotic proteins including Bcl-2 [41]. Interestingly, the described pattern of
VDR expression was opposite to theoretically expected, e.g., maximal Bcl-2 expression was
essentially the highest in melanomas with high VDR nuclear expression in VGP cells as
compared to melanomas lacking VDR. This may suggest uncoupling of VDR activity and
regulation of Bcl-2 or more complex interactions, which would require further experimental
testing. For example, presence of VDR could represent a target for 1,25(0OH)2D3 that, when
delivered to intratumoral environment, could indeed down-regulate the expression of Bcl-2
and induce apoptosis. Accordingly, the highest expression of VDR in benign melanocytic
nevi or less aggressive melanomas would allow control of proliferation and apoptosis at
earlier stages of progression of pigmented lesions. In this context, very low or lack of VDR
would facilitate maintenance of malignant phenotype.

Skin keratinocytes and fibroblasts create a microenvironment essential for melanocytes
survival [42,43]. Tumor cells and surrounding tissue environment interact, enabling tumor
development. Already in nevi we observed decreased VDR expression in surrounding skin.
In melanomas these interactions could be even stronger with tumor regulating the
microenvironment to promote its progression. Accordingly a decrease of VDR expression in
surrounding skin cells could represent a manifestation of such tumor regulatory actions.

Active melanogenesis can affect behavior of melanocytes and surrounding cellular
environment [43-45]. It can also attenuate the sensitivity of melanoma cells to chemo- and
radiotherapy and have immunosuppressive effect [46—48]. In present studies, we observed
significant impact of melanin synthesis on VDR expression in highly melanized vs
amelanotic or poorly melanized tumors. This was further substantiated by experimental
induction of melanogenesis in melanoma cells in which high melanogenic activity correlated
with a decrease of VDR protein. Therefore, we suggest that melanogenesis can also affect
vitamin D anti-tumor activity by decreasing intracellular concentrations of its receptor. This
is consistent with a concept that metabolic intermediates generated during melanin synthesis
could contribute to melanoma progression and melanogenesis could affect the outcome of
radio-, chemo- or immunosensitivity of melanotic melanomas [46-48].

As related to histopathology, the decreased VDR expression along the tumor progression,
and differences between nevi and early stages of melanomas suggest that VDR could be
useful as an auxiliary, immunohistochemical marker in melanoma diagnosis. Furthermore,
VDR expression in primary and metastatic lesions could help in predicting the clinical
outcome of the disease since lack of VDR was related to the shorter survival time. We also
suggest that vitamin D-based therapy could be added as an adjuvant strategy in melanoma
patients with immunohistochemistry helping in selection/stratification of patients for
treatment with active forms of vitamin D. This conception is supported by our matched
analysis showing the presence of VDR in both recurrent and primary melanomas and in both
primary and metastatic lesions, showing the presence of target (VDR) for vitamin D-based
therapy. For melanotic melanomas, we suggest that combined therapy based on vitamin D
analogs and inhibition of melanin synthesis could be more effective, since melanogenesis
attenuated the expression of VDR. In addition, the high level of VDR in benign melanocytic
lesions suggests that vitamin D itself and/or vitamin D analogues may play a protective role
against tumor progression.

In conclusion, we propose that progression of melanocytic lesions is linked to reduction of
VDR expression, that lack of VDR expression in melanomas leads to shorter overall
survival time and that melanogenesis can attenuate the VDR expression. These findings
should have important implications for the diagnosis, for predicting clinical outcome of the
disease or for designing novel forms of therapy based on treatment with vitamin D or with
vitamin D analogs.
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Figure 1.
Localization of VDR in primary skin pigmented lesions and metastases of melanoma.

Compound (a), dermal (b), desmoplastic (c) nevi revealed stronger VDR staining (pink-red)
than radial (d) and vertical (e) growing cells of SSM and radial () and vertical (g) growing
cells of NMM. Lymphocytes infiltrating tumor (h) and lymph nodes lymphocytes (i) also
revealed stronger VDR expression than melanoma cells. Melanoma arising (j) in nevus (k)
showed weaker VDR expression. Nevus section used as negative control (j). Arrows
indicate melanoma cells, double arrows indicate nevi cells, asterisks indicate melanin
(brown), arrow heads indicate lymphocytes. Square indicates tumor-infiltrating lymphocytes
enlarged in insert. Scale bar: 50 um.
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Figure 2.

Supracellular and intraepidermal localization of VDR immunoreactivity.

a. VDR immunoreactivity in skin pigmented lesions and melanomas metastases was seen in
cell cytoplasm and nuclei. N-nuclear VDR staining, C-cytoplasmic VDR staining.

b. VDR immunoreactivity in normal skin keratinocytes.

A.U. —arbitrary units.
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Figure 3.

VDR expression in human skin pigmented lesions. During development of skin pigmented
lesions VDR immunostaining decreased both in nuclei (a) and cytoplasm (b) of the cells.
Normal-normal skin, MM-primary melanomas. A.U. — arbitrary units.
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Figure 4.

VDR expression changes during progression of melanocytic lesions and is determined by
histological type and aggressiveness of melanomas.

a. VDR nuclear staining in nevi and melanomas assessed according to Clark’s level.

b. VDR cytoplasmic staining in nevi and melanomas assessed according Clark’s level.

c. VDR nuclear staining in nevi and melanomas assessed according Breslow’s thickness.
d. VDR cytoplasmic staining in nevi and melanomas assessed according Breslow’s
thickness.

e. VDR immunoreactivity in nuclei of radial and vertical growth phases of nodular (NMM)
and superficial spreading (SSM) melanomas.

f. VDR immunoreactivity in cytoplasm of radial and vertical growth phases of nodular
(NMM) and superficial spreading (SSM) melanomas.

g. Comparison of VDR expression in nodular (NMM) and superficial spreading (SSM)
melanomas.

h. Comparison of VDR expression in nuclei of normal skin and primary metastasing and
non-metastasing melanomas.

i. Comparison of VDR expression in cytoplasm of normal skin and primary metastasing and
non-metastasing melanomas.

A.U. — arbitrary units.
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Figure 5.

Type of pigmented lesion affects VDR expression in epidermal keratinocytes. Comparison
of VDR expression in basal (a) and suprabasal (b) keratinocytes surrounding tumor.
Representative VDR immunocytochemistry in normal skin (c) and skin adjacent to
melanoma (d). Arrows point to cytoplasmic VDR staining; arrowheads point to nuclear
VDR staining, D: dermis, SB: suprabasal keratinocytes; B: basal keratinocytes; scale bar: 50
pm. A.U. — arbitrary units.
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Figure 6.

The dependence of overall survival time (OS) on VDR expression in nuclei of radial growth
phase (a) and cytoplasm of vetrical growi phase (b) of primary melanomas and in nuclei of
metastases (c). Data were analyzed using log-rank (Mantel-Cox) test.
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Figure 7.

VDR expression is inversely correlated to melanin synthesis in melanoma cells.

a. Comparison of VDR expression in radial growth phase.

b. Comparison of VDR expression in vertical growth phase.

¢. WB analysis shows decreased expression of VDR in pigmented cells (P) in comparison to
non-pigmented cells (NP). Beta-actin stain shows the equal loading of the protein. The
relative melanization of cells is visualized in cell pellets on the bottom of the panel.

d. Hlustration of lack or low expression of VDR at the radial growth phase

e. llustration of lack or low expression of VDR at the vertical growth phase.

Arrows point to cytoplasm, arrowheads point to nuclei; E: epidermis; Scale bar: 50 pm.
A.U. — arbitrary units.
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Characteristics of the patients.

Clinicopathologic features

No of patients (%0)

Type of lesions

All cases 139 (100%)
Nevi 25 (18.0%)
Primary melanomas 69 (49.6%)
Metastatic melanomas 35 (25.2%)
Recurrent melanomas 5 (3.6%)
Normal skin 5(3.6%)
Age of patients with nevi
<20 years
21-40 years 1 (4.0%)
41-60 years 15 (60.0%)
61-80 years 7 (28.0%)
>80 years 1 (4.0%)
Age of patients with melanomas | 1 (4.0%)
<20 years 0 (0.0%)
21-40 years 6 (8.7%)
41-60 years 32 (46.4%)
61-80 years 25 (36,2%)
>80 years 6 (8.7%)

Male/female ratio
All cases
Nevi

Melanomas

41/41 (50%/50%)
7118 (28%/72%)
20/40 (42.0%/58.0%)

Anatomical Site™

Nevi

All cases
Acral
Anogenital
Extremity
Head and neck
Trunk

Melanomas

All cases
Acral
Anogenital
Extremity

Head and neck

25 (100.0%)
0 (0.0%)

0 (0.0%)

5 (20.0%)

5 (20.0%)
14 (26.0)

69 (100.0%)
7 (10.1%)

2 (2.9%)

18 (26.1)

11 (15.9)
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Clinicopathologic features | No of patients (%0)
Trunk | 29 (42.0)

Metastases

All cases 35 (100%)

Lymph nodes 31 (88.6%)

Liver 1(2.9%)

Skin 1 (2.9%)

Parotid gland 2 (5.7%)

*
Site of lesion was not available for 1 patient with intradermal nevus and 2 patients with nodular melanomas
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Table 2

Overall survival in patients with melanoma in relation to VDR expression.

Level of expression of VDR in No of cases | No of deaths | Median/mean | *pifferences
melanomas (% of total) | (% of total) survival versus absent
(days) VDR

nuclei of cells in RGP

Absent 9 (13.0%) 6 (66.7%) 746/510 -

Low VDR 33 (47.8%) 17 (51.5%) 1018/874 p=0.0122

High VDR 27 (39.1%) 9 (33.3%) 1068/761 p=0.044
nuclei of cells in VGP

Absent 14 (20.3%) | 7 (50.%) 746/544 -

Low VDR 41 (59.4%) 19 (46.3%) 1449/834 p=0.0031

High VDR 14 (20.3%) 6 (42.9%) 1018/667 p=0.0488
nuclei of cells in metastases

Absent 8 (20.0%) 7 (87.5%) 557/489 -

Low VDR 18 (45.0%) 12 (66.7%) 1449/1001 p=0.0320

High VDR 14 (35.0%) 9 (64.3%) 663/622 p=0.0211
cytoplasm of cells in RGP

Absent 18 (26.1%) 12 (66.7%) 810/794 -

Low VDR 29 (42,0%) 15 (51.7%) 966/753 p>0.05

High VDR 22 (31.9%) 6 (27.3%) 1018/689 p>0.05
cytoplasm of cells in VGP

Absent 10 (26.1%) 7 (70.0%) 664/523 -

Low VDR 32 (42.0%) 19 (59.4%) 1018/873 p=0.0407

High VDR 27 (31.9%) 8 (29.6%) 1068/672 p>0.05
cytoplasm of cells in metastases

Absent 10 (25.0%) 8 (80.0%) 498/760 -

Low VDR 28 (75.0%) 19 (67.9%) 682/778 p>0.05

High VDR 2 (5.0%) 1 (50.0%) 663/628 p>0.05

*
The statistical analyses were performed using t-student test.

Hum Pathol. Author manuscript; available in PMC 2012 May 1.




