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Abstract

Melanocortin 1 receptor (MC1R) and BRAF are common mutations in melanoma. Through
different pathways, they each regulate the expression of PGC-1a, which is a key factor in the
regulation of mitochondrial biogenesis and the antioxidant response. Our aim was to study the
importance of the different regulatory characteristics of MC1R and BRAF on the pathways they
regulate in melanoma. For this purpose, ROS production, levels of gene expression and
enzymatic activities were analyzed in HBL and MeWo, with wild-type MC1R and BRAF, and
A375 cells with mutant MC1R and BRAF. HBL cells showed a functional MC1R-PGC-1a pathway
and exhibited the lowest ROS production, probably because of a better mitochondrial pool and
the presence of UCP2. On the other hand, MeWo cells showed elevated levels of PGC-1a but
also high ROS production, similar to the A375 cells, along with an activated antioxidant
response and significantly low levels of UCP2. Finally, A375 cells are mutant for BRAF, and thus
showed low levels of PGC-la. Consequently, A375 cells exhibited poor mitochondrial
biogenesis and function, and no antioxidant response. These results show the importance of
the activation of the MC1R-PGC-1a pathway for mitochondrial biogenesis and function in
melanoma development, as well as BRAF for the antioxidant response regulated by PGC-1a.
This article is protected by copyright. All rights reserved
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1. Introduction

Cutaneous melanoma is one of the most severe forms of skin cancer and is the leading cause
of death, with an incidence on the rise worldwide and expected to grow over the next few
decades [1]. The main etiological factor for developing a melanoma is exposure to UV radiation
[1,2], which in turn induces reactive oxygen species (ROS) production that leads to DNA

damage and carcinogenesis [3,4].

A common mutation in melanoma is the constitutive activation of BRAF, which results in a
reduced expression of MITF, a key regulator of melanogenesis, and PGC-1a. BRAF-mutant
melanomas show a metabolic shift towards a more glycolytic phenotype with a reduction in

oxidative metabolism [5-7].

The human melanocortin 1 receptor (MC1R) expressed in epidermal melanocytes is also
considered a gene for susceptibility to melanoma development, as it determines the skin
phototype and UV radiation sensitivity [1,8]. Upon activation by the a-melanocyte stimulating
hormone (aMSH), this receptor induces the synthesis of eumelanin [9-11], which is the main
photoprotective physiological factor, as it can filter UV radiation, but it also protects against
oxidative stress by acting as a ROS scavenger [1,2,12]. Loss of function of MC1R is associated to

inefficient ROS detoxification, which can contribute to melanoma development [12].

Furthermore, recent studies suggest that MCI1R also activates non-pigmentary pathways to
stimulate the oxidative stress response, DNA repair and cell survival [8,12—14]. It has been
described that activation of MC1R induces PGC-1a (Peroxisome proliferator-activated receptor
gamma coactivator 1-alpha) expression [5—-7], which is the major regulator of mitochondrial
biogenesis and antioxidant pathways [15,16]. PGC-1a is usually up-regulated in cancer cells
with elevated ROS levels and oxidative stress, and is associated to tumor development and
aggressiveness, promoting cell proliferation and metastasis [17,18]. Moreover, recent studies
suggest that increased PGC-1a is implicated in the etiology and development of melanomas,
which exert a high oxidative metabolism in order to maintain their growth and progression,
and by protecting cells against apoptosis induction by ROS, thus allowing higher survival of

cancer cells [5,19,20].

On the other hand, PGC-1a has been described to participate in the response against oxidative

stress with Foxo3a [21]. Foxo3a induces PGC-1a expression and the two proteins interact with
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each other to stimulate expression of antioxidant defenses, for both enzymatic ones such as
superoxide dismutase (SOD), catalase, glutathione peroxidase (GPx), and non-enzymatic ones

such as UCP2 [21-23].

The aim of this study was to analyze the importance of mitochondrial biogenesis and
antioxidant response in melanoma. For this purpose, parameters such as ROS production,
levels of gene expression and enzymatic activities were determined in three melanoma cell

lines with different characteristics of MC1R and BRAF.
2. Materials and Methods

Reagents

Dulbecco’s Modified Eagle’s medium (DMEM) high glucose was purchased from GIBCO
(Paisley, UK) and Eagle’s Minimum Essential Medium (EMEM) from ATCC (Manassas, VA, USA).
The synthetic analog of a-MSH, [Nle* D-Phe’]-a-MSH or NDP-MSH was obtained from Tocris
(Bristol, UK) and forskolin (FSK) from Sigma-Aldrich (St. Louis, MO, USA). Routine chemicals
were supplied by Sigma-Aldrich (St. Louis, MO, USA), Roche (Barcelona, Spain), Panreac

(Barcelona, Spain) and Bio-Rad Laboratories (Hercules, CA, USA).

Cell culture and treatments

Three different human melanoma cell lines, HBL (wild-type MC1R; wild-type BRAF), A375
(mutated MC1R; mutant BRAF) and MeWo (wild-type MC1R; wild-type BRAF) were used in all
experiments. HBL and A375 cell lines were cultured in DMEM supplemented with 10% (v/v)
heat-inactivated fetal bovine serum (FBS) and 1% (v/v) penicillin and streptomycin, while
MeWo cells were maintained in EMEM medium with 10% FBS and 1% antibiotics. Cells were

maintained in a humidified atmosphere of 5% CO; and 37 °C.

Cells were seeded in 100 mm culture plates for Western Blot and enzymatic activities analysis
or in 96-well plates for cell viability and fluorometric assays. Cells were treated with 107 M
NDP-MSH, a potent agonist at melanocortin receptors, for 48 hours. For PCR analysis, cells
were plated in 6-well culture dishes and treated with 107 M NDP-MSH for 6 hours or 10° M
FSK for 30 minutes. Finally, for those experiments analyzing UCP2 functionality, 50 uM of

genipin was added for 24 hours.

Cell viability assay

This article is protected by copyright. All rights reserved



Cells were treated as stated above. After treatment, cell viability was determined by crystal
violet assay. Briefly, cells were stained with 0.5% (p/v) crystal violet in 30% (v/v) acetic acid for
10 min. After washing in distilled water, 100 ul of methanol were added to solubilize the dye
and absorbance was measured at 595 nm using a PowerWave XS Microplate

Spectrophotometer (BioTek Instruments, Inc.).

Fluorometric measurement of ROS production and mitochondrial membrane potential

To measure ROS production, the Amplex® Red Hydrogen Peroxide/Peroxidase Assay Kit
(Molecular Probes, Eugene, Oregon, USA) was used. Briefly, 50 uM Amplex red reagent and 0.1
U/mL horseradish peroxidase were diluted in Krebs-Ringer phosphate buffer (145 mM NaCl,
4.86 mM KCI, 0.54 mM CaCl2, 1.22 mM MgS0,, 5.5 mM glucose, 5.7 mM sodium phosphate,
pH 7.4) and the reaction mixture was added to cells. Fluorescence measurement was recorded
at times 0, 15, 30 and 60 minutes. An FLx800 microplate fluorescence reader (Bio-Tek
Winooski, Vermont, USA) was used, set at excitation and emission wavelengths of 571 and
585, respectively. Values were normalized per number of viable cells determined by crystal

violet assay.

Mitochondrial membrane potential was analyzed by using tetramethylrhodamine methyl ester
(TMRM), 100 nM. Cells were incubated with this probe for 15 minutes and fluorescence
measurement was recorded with excitation and emission wavelengths set at of 552 and 576,
respectively. Values were normalized per number of viable cells determined by crystal violet

assay.

Real-time quantitative PCR

After treatment with NDP-MSH or FSK, total RNA was isolated from cultured cells using
TriPure® isolation reagent (Roche, Barcelona, Spain) following the manufacturer’s protocol and
then quantified using a BioSpec-nano spectrophotometer (Shimadzu Biotech, Kyoto, Japan) set
at 260 nm. For each sample, 1 ug of the total RNA was reverse transcribed to cDNA at 42 °C for
60 min with 25 U MulV reverse transcriptase in a 10 plL volume of retrotranscription reaction
mixture containing 10 mM Tris-HCI (pH 9.0), 50 mM KCl, 0.1% Triton X-100, 2.5 mM MgCl,, 2.5
KM random hexamers, 10 U RNase inhibitor, and 500 uM each dNTP. Each cDNA was diluted

1/10 and aliquots were frozen (-20 °C) until the PCR reactions were carried out.

PCR was performed in triplicate samples using SYBR Green technology on a LightCycler 480

System |l rapid thermal cycler (Roche Diagnostics, Basel, Switzerland). The genes, primers and
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temperatures for the annealing step are specified in Table 1. Total reaction volume was 10 pL,
containing 7.5 uL Lightcycler® 480 SYBR Green | Master (containing 0.5 uM of the sense and
antisense specific primers) and 2.5 pL of the cDNA template. The amplification program
consisted of a preincubation step for denaturation of the template cDNA (5 min, 95 °C),
followed by 45 cycles consisting of a denaturation step (10 s, 95 °C), an annealing step (10s,
temperature depending on primers), and an elongation step (12s, 72 °C min). A negative

control lacking cDNA template was run in each assay.

The Ct values of the real-time PCR were analyzed, taking into account the efficiency of the
reaction and referring these results to the total DNA amount, using the GenEx Standard

Software (Multi-DAnalises, Sweden).

Laser scanning confocal microscopy

Cells were plated and co-loaded with probes as described previously by Rodriguez-
Enriquez et al. [24] with slight modifications. Cells were loaded with Mitotracker Green (MTG,
0.5 uM) for 60 min at 37°C in complete culture medium. For the last 20 min of staining,
Lysotracker Red (LTR, 0.5 uM) was added under the same conditions. Finally, the last 5 min
cells were incubated with 1 ug propidim iodide (Pl). The fluorescence of MTG, LTR and Pl was
monitored with a Leica Confocal microscope using 63x oil 14 N.A. objective lens. Excitation of

probes and fluorescence emission were measured as in Rodriguez-Enriquez et al. [24].

Enzymatic activities

Cells were harvested 48h after NDP-MSH treatment by scraping them into 200 pL of
STE buffer (250 mM sucrose, 3.59 mM Trizma-Base, 16.4 Tris-HCl pH 7.4, 2mM EDTA, 40 mM
KCl). Then, cells were disrupted by sonication at 40% amplitude for 10 seconds three times
(VibraCell 75185) and centrifuged at 600xg for 10 min at 4 °C to remove cell debris. Protein
content (supernatant) was determined with a bicinchoninic acid (BCA) protein assay kit (Pierce,

Bonn, Germany) and the enzymatic assays were performed immediately after.

Cytochrome c oxidase (COX, Complex IV, EC 1.9.3.1) activity was measured using a
spectrophotometric assay. Briefly, cell lysate was incubated in 0.1 M NaPOgH,, pH 7.0 in the
presence of 2 ug/mL catalase and 5 mM substrate DAB (3,3’-diaminebenzidine-tetrachloride)
and then 100 puM of reduced cytochrome c was added to start the reaction. The absorbance
increment was followed for 25 min at 450 nm and 37°C. The generated slope is directly

proportional to the activity of COX.
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ATP synthase (ATPase, ATP phosphohydrolase, Complex V, EC 3.6.1.3) activity was
measured by following the oxidation of NADH at 340 nm and 37 °C. Briefly, cell lysate was
incubated in assay buffer (0.33 M sucrose, 6.3 mM MgSQ04, 63.66 mM HEPES, 0.442 mM NADH,
pH 8.0) in the presence of 2.5 mM Phospho(enol)pyruvic acid, 0.5 pg/mL Pyruvate Kinase, 0.25
pg/mL I-Lactic Dehydrogenase and 0.1 pg/mL antimycin. Then, 5 mM ATP was added to start
the reaction. The absorbance reduction was followed for 15 min and the maximum slope was
taken to analyze activity data. The generated slope is inversely proportional to the activity of

ATPase.

Catalase (CAT, EC 1.11.1.6) activity was measured as described by Goth [25] and Hadwan &
Abed [26] with few modifications. Briefly, cell lysate was incubated in assay buffer (100 mM
KaHPO4/ KH,PO4, pH 7.0) and 65 mM hydrogen peroxide at 37 °C for 60 s. To stop the reaction,
32.4 mM ammonium molybdate ((NH4)6 Mo7024 - 4 H20) was added and absorbance at 374

nm was measured. The higher the absorbance, the lower CAT activity.

Glutathione peroxidase (GPx, EC 1.11.1.9) activity was monitored by following the oxidation of
NADPH by glutathione reductase coupled reaction. Cell lysates were incubated with assay
buffer (50 mM Tris-HCI, 5 mM EDTA, pH 7.6), 35 mM reduced glutathione, 7.7 mM NADPH and
14 U/mL glutathione reductase. Reaction was started at 3 mM tert-butil-hydroperoxide and
monitored at 340 nm and 37 °C for 20 minutes. The generated slope is inversely proportional

to the activity of GPx.

Glutathione reductase (GRd, EC 1.6.4.2) activity was measured by following the oxidation of
NADPH at 340 nm and 37 °C. Briefly, cell lysates were incubated with assay buffer (50 mM
phosphate buffer, 1 mM EDTA, pH 7.6) and 1.4 mM NADPH. To start reaction 3.5 oxidized
glutathione was added to the mixture. The generated slope is inversely proportional to the

activity of Grd.

Lactate dehydrogenase (LDH, EC 1.1.1.27) activity was measured by following the oxidation of
NADH at 340 nm and 37 °C. Cell lysates were incubated with 80 mM Tris-HCI, 200 mM NaC and
0.25 mM NADH. Reaction was started by adding 11 mM sodium pyruvate. The generated slope

is directly proportional to the activity of LDH.

Total superoxide dismutase (SOD, EC 1.15.1.1) activity was determined by following the

reduction of cytochrome ¢ by measuring the absorbance at 550 nm, as described by Quick et al
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(2000). MnSOD activity was measured the same way, adding 1 mM KCN in the reaction

mixture.

Finally, Thioredoxin reductase (TrxR, 1.8.1.9) activity was determined by the reduction of DTNB
(5,5’-dithiobis-2-nitrobenzoic acid) in the presence of NADPH, which generates a yellow
compound measurable at 412 nm. To take into account any unspecific DTNB reduction,

aurothiomalate was added to the reaction to inhibit TrxR.

cAMP assays

HBL and MeWo cells were plated in a 12-well dish, serum-deprived for 3 h and incubated with
107M NDP-MSH or 10° M FSK for 30 min. Cells were quickly washed with 800 pL ice-cold PBS
and then lysed with 200 pL 0.1 N HCI (preheated at 70°C) per well and scraped. The mix was
freeze-dried, washed with 100 pL H,O and freeze-dried again twice. cAMP levels were
measured by a commercial ELISA immunoassay (R&D Systems), following manufacturer’s
instructions. Briefly, samples and standards, a known concentration of cAMP-peroxidase
conjugate, and a sheep antibody to cAMP were added into the wells of a microtiter plate
coated with an antibody to capture sheep IgG. Following several washes, the substrate was
added, which reacts with the bound cAMP-peroxidase conjugate. After a short incubation, the
reaction was stopped and the intensity of the generated color was detected at 450 nm in a
BioTek™ ELx800™ microtiter plate reader (BioTek, Bedfordshire, UK). Parallel dishes were used

for protein determination by BCA assay.

Statistical analysis

The Statistical Program for the Social Sciences software for Windows (SPSS, version 21.0; SPSS
Inc, Chicago, IL) was used for all statistical analyses. Results are presented as mean values *
standard error of the mean (SEM) from six independent experiments. Data are referenced to
the A375 cell line control group. The effects of NDP-MSH or FSK were assessed using the

Student’s t-test. Statistical significance was set at P<0.05.

3. Results

ROS production was determined in three melanoma cell lines under basal conditions and in
response to MC1R stimulation with NDP-MSH. ROS production was around 35% higher in A375

and MeWo compared to HBL cells, as shown in Figure 1. Interestingly, NDP-MSH treatment
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lowered ROS production only in HBL cells, while MeWo cells only showed a slight tendency to

do so. As expected, NDP-MSH had no effect on ROS production in A375 cells.

Since MC1R induces PGC-1a expression, the master regulator of mitochondrial biogenesis, the
main genes involved in this process were studied. As seen in Table 2, PGC-1a gene expression
was significantly higher in both HBL and MeWo cells, both of which are wild-type for the
receptor. TFAM and NRF1 expression was higher in HBL cells, while COXIV, ATPase and SIRT1
expression was higher in MeWo cells. Furthermore, treatment with NDP-MSH increased levels
of TFAM, NRF1, COXIV and SIRT1 mRNAs in HBL cells, and lowered mtSSB and ATPase
expression. In MeWo cells, only mtSSB expression increased with NDP-MSH treatment, while

mMRNA levels of COXIV, ATPase and SIRT1 dropped.

Given the differential response to NDP-MSH treatment observed in HBL and MeWo cell lines,
cells were incubated with FSK, a potent adenylyl cyclase activator, to further check the ability
to activate the MC1R pathway. Figure 2 shows that PGC-1a increased significantly in A375 and
HBL, but not in MeWo cells. This result suggest that MeWo cells have a non-fully functional
MCI1R signaling pathway, which could be in agreement with the observation that this cell line
has a mutant adenylate cyclase [28]. To further check this hypothesis, we performed a cAMP
assay under basal conditions and under NDP-MSH and FSK stimulation for 30 min in HBL cells
(wild-type for the adenylyl cyclase) and in MeWo cells (mutant for the adenylyl cyclase). As
expected, HBL showed a great increase in cAMP levels, which was higher for the FSK
treatment. On the contrary, cAMP levels in MeWo cells were minimal, in the range of 0.001

and 0.01 pmol, as shown in Figure 3.

To check mitochondrial functionality, enzymatic activities of COXIV, ATPase and LDH were next
determined, as shown in Figure 4. COXIV activity was higher in HBL cells, and was enhanced by
NDP-MSH stimulation by 41%. HBL also showed 40% less activity of ATPase compared to A375,
but similar LDH activity. On the other hand, MeWo cells showed low levels for both COXIV and
ATPase activity, while LDH activity more than doubled compared to A375 and HBL cells, yet
was reduced by 58% by the NDP-MSH treatment.

Figure 5 shows the confocal images of the three cell lines under basal conditions, labeled with
Hoechst, MTG and LTR. MeWo cells showed high MTG fluorescence (mitochondria) and low
levels of LTR fluorescence (lysosomes), while HBL showed more co-localitzation of MTG and

LTR.
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The levels of different antioxidant defenses were studied, including both ROS-induced proteins
and antioxidant enzymes. As seen in Table 3, MeWo cells presented the highest expression
levels for nrf2, foxo3a, mn-sod, cuzn-sod, cat, gpx, prx3, prx5 and trxl, but remained
unresponsive to NDP-MSH treatment, as did the A375 cells. However, HBL cells did lower the
expression of some enzymes under NDP-MSH stimulation. Figure 6 shows the enzymatic
activities for catalase, TrxR, GPx, GRd, total SOD and Mn-SOD. In general, MeWo cells had the
highest levels of antioxidant activities, except for GRd, while HBL cells showed, by far, lower
enzymatic activities. NDP-MSH treatment only enhanced significantly the total SOD and

MnSOD activities and lowered TrxR activity in HBL cells.

Finally, Figure 7 shows UCP2 mRNA levels under basal conditions and after the NDP-MSH
treatment. Surprisingly, UCP2 expression levels were significantly different among the three
cell lines. UCP2 expression was really low in MeWo cells (40% less than A375 cells), while HBL
showed high levels of expression (more than double than those of the A375 cells). Both HBL
and MeWo had elevated levels of UCP2 after the NDP-MSH treatment, although MeWo cells
continued to have the lowest expression compared to the other cell lines. Since UCP2 seems to
be a distinguishing characteristic, cells were incubated with genipin to functionally inhibit
UCP2 activity and determine its importance. As expected, genipin affected HBL cells the most,
and increased ROS production by 44% and mitochondrial membrane potential by 36%. ROS
production was also increased in A375 cells with addition of genipin, but no significant

differences were observed in MeWo cells.

4. Discussion

In this study, we have used three different melanoma cell lines with different
functionality of the MC1R-PGC-1a pathway. First, A375 cell line presents a mutant MCIR,
expressing a non-functional receptor as A375 cells remain unresponsive to NDP-MSH
treatment, and a mutation for BRAF (V600E), which leads to the constitutive activation of the
MAPK pathway [5]. On the contrary, the HBL cell line is wild-type for both MC1R and BRAF and
shows a marked activation of the signaling pathway with the NDP-MSH or FSK treatment as
seen in our results and described previously by others [29]. Finally, the MeWo cell line is wild-
type for MC1R and BRAF, but is mutant for the adenylate cyclase, as described in the canSAR
database [28]. According to this database, MeWo cells show mutations in the following genes:
ADCY3, ADCY4, ADCY7, ADCY10, which are classified as missense mutations. Furthermore, we

have shown here a poor response to NDP-MSH and FSK treatment, as well as a minimal
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residual response of MeWo cells under stimulation with NDP-MSH and FSK, as seen with the

CAMP assay.

This study shows the importance of the MC1R-PGC-1la pathway in mitochondrial
biogenesis and function, which serve as a possible strategy to maintain ROS levels at the
appropriate levels for a proliferative and aggressive phenotype, as seen in HBL cell line. HBL
showed a functional MC1R, as evidenced by the induction of several genes with NDP-MSH
treatment, especially PGC-1a. In general, HBL cells presented higher gene expression levels of
TFAM and NRF-1, mitochondrial biogenesis-related genes [16], and the highest COXIV activity,
the main complex which regulates mitochondrial oxidative phosphorylation [30]. Moreover,
confocal images showed a great turnover of mitochondria, as indicated by the co-localitzation
of MTG and LTR, which could be a mechanism of mitochondrial quality control [31]. On the
other hand, UCP2 has the ability to limit ROS production through proton leak and is considered
an important defense against oxidative stress, promoting cell survival [32]. We have shown
here the importance of UCP2 for HBL cell line, since treatment with genipin affected both

mitochondrial membrane potential and ROS production.

These characteristics could provide an advantage for HBL cells, since they rely on
oxidative phosphorylation and mitochondrial function for growth and to protect themselves
against oxidative damage, as explained by Vazquez et al. [19]. Furthermore, LeBleu et al. [18]
suggested that high PGC-la levels could promote cancer cell migration and metastasis.
Considering these results, HBL could exhibit an improved, more functional mitochondrial pool

with an enhanced ability to migrate.

When the MC1R-PGC-1a signaling pathway is not working properly, as seen in A375
and MeWo cells, there is an important rise in ROS production. In response to stimulation with
NDP-MSH and FSK, MeWo cells showed a poor response, suggesting that this pathway is not
fully functional, which was also indicated by the low levels of cAMP under stimulation.
Expression of all genes dependant on adenylate cyclase activity, that is, related to
mitochondrial biogenesis and function, was lower compared to HBL and some of them
dropped after NDP-MSH treatment. MeWo cells also exhibited the lowest COXIV and ATPase
activities but the highest LDH activity, which indicates a poor mitochondrial function and
activation of the glycolytic pathway [33]. Furthermore, confocal images showed a great
number of mitochondria, which is probably from an attempt to fusion themselves in response

to cellular stress and mitochondria damage [31].
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Nevertheless, MeWo cells showed an important induction of antioxidant enzymes and
their enzymatic activities as well as a high FOX0O3a expression, which presumably is a response
to the high basal ROS production observed. Recently, it has been described that the induction
of the antioxidant enzymes is dependant on the expression of both PGC-1a and FOX03a, and
that FOXO3a itself is a direct transcriptional regulator of PGC-1a [21]. Therefore, since we have
shown here that MC1R pathway is not fully functional, the high levels of PGC-la that
characterize MeWo cells could be due to the activity of FOXO3a as a response to high oxidative

stress.

Finally, the A375 cell line presents a mutant MC1R which results in the expression of a
loss-of-function receptor. A375 cells are also mutant for BRAF, which is one of the most
common alterations in melanoma and is characterized by a constitutive activation of BRAF.
The activation of the BRAF/MAPK signaling pathway leads to the suppression of PGC-1a and a
decrease in oxidative metabolism and mitochondrial function [5]. In agreement with this, A375
cells remained unresponsive, since PGC-1a levels were low and not sufficient to induce a
response against ROS production, as seen with the antioxidant enzymes in MeWo cells which

are wild-type for BRAF.

In conclusion, our results suggest that activation of the MC1R pathway could be a risk
factor for melanoma development, not only due to its involvement in skin pigmentation, but
also in the regulation of mitochondrial biogenesis and function. Furthermore, once the tumor
is initiated a higher expression of PGC-1a by activation of the MC1R pathway could suppose an
advantage for cancer cells against oxidative stress and damage. Finally, we show here that the
presence of a mutant BRAF could prevent the activation of antioxidant enzymes, thus

impairing the response against oxidative stress.
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Figure legends

Figure 1. ROS production was significantly lower in HBL cells and was further reduced by
NDP-MSH stimulation. ROS production was assessed fluorimetrically by Amplex Red® method
after 48 h with 107 M NDP-MSH treatment. Values are expressed as means = SEM (n=6) and
are referenced to A375 control group. Student’s t test (P<0.05) was performed to assess for

o

significance. * indicates significant difference vs A375 control group; ° indicates significant
difference between control-treated and NDP-MSH-treated cells; and # means significant

difference vs HBL control group.

Figure 2. PGC-1a mRNA levels increased after FSK treatment only in A375 and HBL cells.
Levels of PGC-1a expression were assessed by real-time PCR after 30 minutes of 10° M FSK
(n=6). Student’s t test (P<0.05) was performed to assess for significance. * indicates significant
difference between control-treated and FSK-treated cells.

Figure 3. cAMP levels after NDP-MSH and FSK stimulation. Levels of cAMP were determined
in HBL and MeWo cells under basal conditions and after 30 min stimulation with NDP-MSH or
FSK. The second graphic was represented with a more suitable scale bar to appreciate the
difference. Student’s t test (P<0.05) was performed to assess for significance. * indicates
significant difference between control-treated and treated cells.

Figure 4. HBL showed better mitochondrial function. Enzymatic activities of COX, ATPase and
LDH were assessed spectrophotometrically as explained in the methods section (n=6).
Student’s t test (P<0.05) was performed to assess for significance. * indicates significant

o

difference vs A375 control group; ° indicates significant difference between control-treated

and NDP-MSH-treated cells; and # means significant difference vs HBL control group.

Figure 5. HBL cells exhibited higher LTR fluorescence and MeWo showed higher MTG
fluorescence. Confocal images were taken after loading cells with Mitotracker Green,
Lysotracker Red and propidium iodide under basal conditions, as specified in the methods
section. Scale bar: 25 um.

Figure 6. MeWo cells showed the highest activity for all antioxidant enzymes assessed. CAT,
TrxR, total SOD, MnSOD, GPx and GRd activities were analyzed spectrophotometrically as
explained in the methods section (n=6). CAT: catalase; TrxR: thioredoxin reductase; SOD:
superoxide dismutase; MnSOD: manganese superoxide dismutase; GPx: glutathione
peroxidase; GRd: glutathione reductase. Student’s t test (P<0.05) was performed to assess for

o

significance. * indicates significant difference vs A375 control group; ° indicates significant
difference between control-treated and NDP-MSH-treated cells; and # means significant

difference vs HBL control group.

Figure 7. HBL cells showed the highest UCP2 expression and genipin treatment increased
ROS production and mitochondrial membrane potential. UCP2 mRNA levels were assessed by
real-time PCR after 107 NDP-MSH treatment. ROS production and mitochondrial membrane
potential were assessed fluorimetrically by Amplex Red® and using the TMRM probe,
respectively. These determinations were performed after treatment with 50 uM genipin for 24
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h. Student’s t test (P<0.05) was performed to assess for significance. * indicates significant
difference between control- and treatment-treated cells.
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Tables with captions

Table 1. Primers and conditions used for RT-PCR

ene Forward Primer (5’-3’) T2 An. ene Forward Primer (5’-3’) T2 An.
& Reverse Primer (5°-3’) (°C) & Reverse Primer (5’-3) (°C)
ggACACEgACAggATTEACA CgTgCTCCCACACATCAATC
18s ACCCACggAATCEAgAAAEA 60 | mn-sod TgAACETCACCEAEEAZAAE 60
TCAgTCCTCACTggTggACA TCAggAgACCATTgCATCATT
pgc-la TgCTTCETCETCAAAAACAE 60 | cuzn-sod o rrTcCTeTCTTTETACTTTCTTC 00
fam gTggTTTTCATCTETCTTgeC o wat CATCgCCACAtgAATEgATA o
ACTCCgCCCTATAAGCATCTTg CCAACTgggAtgAgAggeTA
mitssh TgT gAA AAA ggg gTC TCg AA 60 epx gCg gCg gCC Cag TCg gTg TA 60
Tgg CCA Aag Aag AAT CAT CC gAg CTT ggg gTC ggT CAT AA
nrfl CCA CgT TAC Agg gAg gTg Ag 60 rd TCACgCAgTTACCAAAAggAAA 64
TgT AgC TCC CTg CTg CAT CT & CACACCCAAGTCCCCTgCATAET
nrf2 gCg Acg gAA AgA gTA TgA gC 60 2 CCAgACgCTTgTCTgAggAT 60
gTT ggCAgATCCACT ggT TT P ACgTTgggCTTAATCgTgTC
coxiv AAC gAg Tgg AAg ACg gTT gT 60 prx3 gCCgTTETCATEggAgASTT 53
TCA TgT CCA gCA TCC TCT Tg TCCACTgAgACTECEACAAC
CAT TgT ggA CgT TCC AgT Tg ACggTgCAgTgAAggAgAET
atpase  ATT ggC ACC AAg CTA TCC AC = prxs CAggAACTCCAAACAECACA 60
sirtl gCAgATTAgTAggCgeCTTg 54 pr6 CgTgTggTgTTTgTTTITgg 60
TCTggCATETCCCACTATCA CCATCACACTATCCCCATCC
i3 CggCTCTACACECAGAACATC s - CTgCTTTTCAggAAgCCTTE o
CAgAggCTCCCCAAAGAACAC TgTTggCATECATTTEACTT
gCA AgC ACA gAg TTg gAT gA gCAAAATCCAAAACCACEES
2
foxo3a . po oTC gTC CAT gAg gTT TT €0 trx CCCTAgAggAgeeACCegAAE 60
ggTggTTCggAgATACCAAag TCgAgTCCCAgACACCAgAA
uep2 CTCgggCAATgETCTTgTTag €0 trxr2 TgATCgCTATgggTgTCAEC 60

T2 An.: annealing temperature; pgc-1la: peroxisome proliferator-activated receptor gamma
coactivator 1-alpha; tfam: mitochondrial transcription factor A; mtssb: mitochondrial single
stranded DNA-binding protein; nrfl: nuclear respiratory factor 1; nrf2: nuclear respiratory
factor 2; coxiv: cytochrome c oxidase subunit IV; atpase: ATPase/ATP synthase; sirt1: sirtuin 1;
sirt3: sirtuin 3; foxo3a: forkhead box O3; ucp2: uncoupling protein 2; mn-sod: manganese
superoxide dismutase; cuzn-sod: copper-zinc superoxide dismutase; cat: catalase; gpx:

glutathione peroxidase; grd: glutathione reductase; prx2: peroxiredoxin 2; prx3: peroxiredoxin
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3; prx5: peroxiredoxin 5; prx6: peroxiredoxin 6; trx1: thioredoxin 1; trx2: thioredoxin 2; trxr2:

thioredoxin reductase.

Table 2. Mitochondrial biogenesis and function-related genes mRNA expression in
A375, HBL and MeWo cell lines after NDP-MSH treatment

A375 HBL MeWo
Control NDP-MSH Control NDP-MSH Control NDP-MSH
pgc-la 1.00 + 0.08 1.04 + 0.13 9.35 £ 1.45 19.0 + 1.73* 11.5 +0.73 13.9 + 0.68*
tfam 1.00 + 0.04 0.96 + 0.06 1.97 £0.20 2.76 + 0.38* 1.68 +0.17 1.53 + 0.16
mtssb 1.00 £+ 0.09 0.92 + 0.09 0.89 £+0.10 0.64 + 0.09* 0.95 +0.12 1.61 + 0.31*
nrfl 1.00 £ 0.07 0.95 = 0.05 1.13 £ 0.09 1.66 + 0.23* 0.76 £+0.09 0.77 = 0.09
coxiv 1.00 = 0.09 1.02 £ 0.06 1.28 +0.05 1.56 + 0.09* 2.35 +0.21 1.64 + 0.08*
atpase 1.00 = 0.16 1.04 + 0.12 1.38 £+0.10 0.96 + 0.05* 1.47 + 0.05 1.23 + 0.12*
sirtl 1.00 + 0.07 1.02 + 0.08 1.74 £ 0.10 2.17 + 0.19* 2,57 +£0.22 1.96 + 0.16*

Data represent the means + SEM (n=9). Values of control (vehicle-treated) A375 were set at

1.00. pgc-1a: peroxisome proliferator-activated receptor gamma coactivator 1-alpha; tfam:

mitochondrial transcription factor A; mtssb: mitochondrial single stranded DNA-binding

protein; nrfl: nuclear respiratory factor 1; coxiv: cytochrome c oxidase subunit IV; atpase:

ATPase/ATP synthase; sirtl: sirtuin 1.

* Significant difference between NDP-MSH-treated and vehicle-treated cell lines (Student’s t-

test; P<0.05).
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Table 3. Antioxidant defenses-related genes mRNA expression in A375, HBL and MeWo
cell lines after NDP-MSH treatment

A375 HBL MeWo
Control NDP-MSH Control NDP-MSH Control NDP-MSH
nrf2 1.00 £+ 0.04 0.97 + 0.06 0.86 +0.05 0.79 £ 0.12 1.51 +0.20 1.67 + 0.23
sirt3 1.00 £+ 0.09 0.90 * 0.09 1.07 £ 0.09 1.21 + 0.08 1.19 +0.14 1.15 + 0.27
foxo3a 1.00 + 0.14 1.09 £+ 0.06 1.68 +0.20 1.33 + 0.01 1.99 +0.28 1.74 + 0.19
mn-sod 1.00 £+ 0.09 0.98 + 0.14 0.92 +0.13 1.31 + 0.18* 2.04 +0.26 1.93 + 0.26
cuzn-sod 1.00 = 0.08 1.04 + 0.10 1.48 +0.18 1.87 + 0.14 1.84 £ 0.34 191 + 0.74
cat 1.00 £ 0.08 0.90 + 0.08 1.90 £0.18 241 + 0.25 3.13 £ 0.67 3.15 £ 0.78
apx 1.00 £+ 0.08 0.99 + 0.09 0.89 £+0.09 0.57 + 0.04* 1.26 +0.14 1.03 £ 0.10
grd 1.00 £ 0.11 1.13 + 0.12 1.09 £+0.09 0.79 + 0.04* 1.08 +0.10 0.88 + 0.05
prx2 1.00 + 0.13 0.99 + 0.09 1.58 +0.33 1.03 £ 0.07 0.51 £0.02 044 £+ 0.04
prx3 1.00 £ 0.10 0.96 + 0.08 1.35 £0.12 1.25 £ 0.05 1.26 £0.11 1.36 £ 0.08
prx5 1.00 £ 0.18 1.07 £ 0.10 1.08 £ 0.16 0.67 + 0.10* 2.08 +£0.11 1.68 + 0.07*
prx6 1.00 £ 0.14 093 £+ 0.04 0.74 £0.11 0.54 + 0.02 0.44 £0.04 041 £ 0.01
trx1 1.00 = 0.06 1.04 = 0.05 2.14 £0.16 1.54 + 0.06* 1.93 +0.21 2.02 + 0.07
trx2 1.00 £+ 0.16 0.88 + 0.10 1.33 £0.10 0.90 + 0.08* 0.94 +0.31 0.47 + 0.04
trxr2 1.00 £ 0.12 0.99 + 0.14 4.52 +0.17 2.28 + 0.35* 393 +0.28 2.77 = 0.45

Data represent the means + SEM (n=9). Values of control (vehicle-treated) A375 were set at

1.00. nrf2: nuclear respiratory factor 2; sirt3: sirtuin 3; foxo3a: forkhead box 03; mn-sod:

manganese superoxide dismutase; cuzn-sod: copper-zinc superoxide dismutase; cat: catalase;

gpx: glutathione peroxidase; grd: glutathione reductase; prx2: peroxiredoxin 2; prx3:

peroxiredoxin 3; prx5: peroxiredoxin 5; prx6: peroxiredoxin 6; trx1l: thioredoxin 1; trx2:

thioredoxin 2; trxr2: thioredoxin reductase.

* Significant difference between NDP-MSH-treated and vehicle-treated cell lines (Student’s t-

test; P<0.05).
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