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ABSTRACT 

     Little is known about the metabolic regulation of cancer stem cells (CSCs) in melanoma. Here, we used 

A375 and WM115 cell lines to dissect the role of mitochondria in conferring CSC traits. Notably, we 

observed that A375 and WM115 melanospheres, known to be enriched in ABCG2+ CSCs, showed higher 

mitochondrial mass compared with their adherent counterpart. In particular, they displayed increased PGC1-

α expression and oxidative phosphorylation (OXPHOS) complex levels, leading to a metabolic switch 

characterized by enhanced mitochondrial membrane potential, oxygen consumption, ATP synthesis and ROS 

production. Interestingly, PGC1-α silencing resulted in the suppression of CSC features, including 

clonogenic ability, migration, spheroid formation and ABCG2 enrichment. Similarly, XCT790 and SR-

18292, two PGC1-α inhibitors, were able not only to reduce melanoma tumorigenicity and invasion but also 

to block melanosphere growth and propagation and ABCG2+ cell proliferation. In conclusion, improved 

mitochondrial biogenesis is associated with a stem-like phenotype in melanoma, and therapeutically 

targeting the mitochondria-enriched CSC subpopulation might overcome tumor progression. 

 

Keywords: melanoma; cancer stem cells (CSCs); mitochondrial biogenesis; PGC1-α; oxidative 

phosphorylation (OXPHOS) 
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INTRODUCTION 

     Cutaneous melanoma is a very heterogeneous tumor [1,2]. This high heterogeneity has been widely 

associated with the existence of cancer stem cells (CSCs), a small self-renewing subpopulation able to give 

rise to the entire tumor mass via symmetric and asymmetric division. In this setting, CSCs represent the main 

drivers not only of cancer growth and metastasis but also of cancer chemoresistance and recurrence [1–3].  

     Recent studies have suggested that impairing oxidative phosphorylation (OXPHOS) in cancer cell 

mitochondria may represent a useful approach to suppress tumor growth and progression [4–6]. In particular, 

CSCs collected from various malignant tissues have been shown to display an oxygen-dependent metabolic 

profile characterized by a PGC1-α-mediated increase in mitochondrial mass, which has been recently 

proposed as a new biomarker for CSC identification and as a novel pharmacological target for cancer 

eradication [7–13]. However, little is known about this topic in melanoma. 

     Herein, we hypothesized that high mitochondrial content could specifically identify a melanoma SC 

subpopulation and could be exploited for the treatment of this tumor. Indeed, although we have recently 

demonstrated a close relationship between ATP-binding cassette transporter G2 (ABCG2) overexpression 

and melanoma stemness, a specific CSC-associated metabolic signature has not been found yet [14]. In this 

context, the present study aims at further characterizing melanoma SC traits, with a focus on the role of 

mitochondrial biogenesis in determining the emergence of a CSC phenotype. 

 

MATERIALS AND METHODS 

Chemicals 

     ABCG2 antibody (NB110-93511AF405) for flow cytometry was from Biotechne, Minneapolis, MN, 

USA.   

     The following primary antibodies were utilized for Western blot analysis: Total OXPHOS (ab110413) 

and PGC1-α (ab110411) from Abcam, Cambridge, UK; GAPDH (5174) from Cell Signaling Technology 

Inc., Danvers, MA, USA. All the antibodies were used at the concentration 1:1000, except for PGC1-α 

(utilized at 1:500). Horseradish-peroxidase-conjugated secondary antibodies and enhanced 

chemiluminescence reagents were from Cyanagen, Bologna, Italy. 

     Control siRNA (scramble, AM4611) and PGC1-α SiRNA (siPGC1-α, AM16704) were from Invitrogen 

Life Technologies, Monza, Italy. SR-18292 and XCT790 were purchased from Sigma-Aldrich, Milano, Italy. 

 

Cell lines 

     A375 and WM115 human melanoma cell lines were purchased from American Type Culture Collection 

(ATCC, Manassas, VA, USA) and were cultured in DMEM medium supplemented with 7.5% FBS, 

glutamine and antibiotics, in humidified atmosphere of 5% CO2/95% air at 37°C. Original cell stocks were 

stored frozen in liquid nitrogen. After resuscitation, cells were kept in culture for no more than 10-12 weeks; 

they were detached through trypsin-EDTA solution and passaged once/week. 
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     To obtain melanospheres, A375 and WM115 cell lines were grown in Euromed-N medium, supplemented 

with 10 ng/ml EGF, 10 ng/ml FGF2 and 1% N2 (Invitrogen Life Technologies). Floating tumor spheres with 

stem-like features were formed within 5-7 days and passaged every 10 days or once they reached 100-150 

μm in size. 1 ml Euromed-N was added every 48 hours to the culture, to provide fresh medium to cells. 

Melanosphere conditioned medium was centrifuged to eliminate single cells and collected to be used for 

subsequent assays, mixed with 70% fresh medium. 

 

Measurement of mitochondrial mass and activity 

     A375 and WM115 adherent cells were plated at 1.5 × 105 cells/dish in 6‐cm dishes. After 48 hours or 

following transfection or treatment, they were harvested, washed in PBS and incubated with MitoTracker 

Green FM or Orange CMTMRos (Invitrogen Life Technologies) 10 nM for 30 min. Melanospheres were 

mechanically disaggregated by pipetting to reach a single cell suspension and then processed as above. Flow 

cytometry analysis was performed through a Novocyte3000 instrument (ACEA Biosciences, San Diego, 

CA). Data were analyzed with Novoexpress software. 

 

Measurement of oxygen consumption rate  

     Measurement of oxygen consumption rate was conducted by performing a Mito Stress Test (Agilent 

Technologies, Santa Clara, CA, USA), as described in [15,16]. Briefly, both A375 and WM115 adherent and 

melanosphere-derived cells were seeded at 5 × 104 cells/well in a 24-well Agilent Seahorse XF Cell Culture 

Microplate, and oxygen consumption rate was recorded at the basal level and after the sequential injections 

of 1 µM Oligomycin (ATP synthase inhibitor), 1 µM FCCP (uncoupling agent) and 0.5 µM of a mixture of 

Rotenone (complex I inhibitor) and Antimycin A (complex III inhibitor). Oxygen consumption rate was 

normalized for protein content, determined by bicinchoninic acid (BCA) assay. 

 

Measurement of ATP synthesis 

     ATP synthesis was quantified by using an ATP assay kit (GeneTex, Alton Pkwy Irvine, CA, USA) and an 

EnSpire Multimode Plate reader (PerkinElmer, Milano, Italy), as described in [17]. 

 

Measurement of mitochondrial ROS production 

     A375 and WM115 adherent cells were plated at 1.5 × 105 cells/dish in 6‐cm dishes. After 48 hours, they 

were harvested, washed in PBS and incubated with MitoSOX Red (Invitrogen Life Technologies) 5 μM for 

10 min. Melanospheres were mechanically disaggregated by pipetting to reach a single cell suspension and 

then processed as above. Flow cytometry analysis was performed through a Novocyte3000 instrument. Data 

were analyzed with Novoexpress software. 

 

Cell transfection 
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     A375 and WM115 adherent cells were seeded at 5 × 104 cells/well in 6‐well plates for 48 hours and then 

transfected by using Lipofectamine 3000 reagent (Invitrogen Life Technologies), according to 

manufacturer’s instructions.  

 

MTT viability assay 

     A375 and WM115 adherent cells were seeded at 3 × 104 cells/well in 24‐well plates for 48 hours and then 

exposed to SR-18292 (12.5-200 μM) or vehicle for 72 hours. The medium was then changed with MTT 

solution (0.5 mg/mL) in RPMI without phenol red and FBS; cells were incubated at 37 °C for 30 min and 

violet precipitate was dissolved with isopropanol. Absorbance at 550 nm was measured through an EnSpire 

Multimode Plate reader. 

 

Colony formation assay 

     After transfection or treatment, A375 and WM115 adherent cells were seeded (250–500 cells/well, 

depending on the cell type) in 6-well plates and then cultured for 7–10 days. Colonies were fixed with 70% 

methanol and stained with Crystal Violet 0.15%.     

 

Migration assay 

     Migration assay was performed using transwell filters (8 μm pore size). After transfection or treatment, 

A375 and WM115 adherent cells (1 × 105 cells/well) were placed in the top chambers of a 24-well plate in 

FBS-free media, in which the bottom chambers were filled with complete media. After incubation for 24 

hours at 37 °C, cells that migrated to the lower chamber were stained with DiffQuick staining kit (DADE, 

Dudingen, Switzerland) and counted. 

 

Melanosphere formation assay 

     After transfection or treatment, A375 and WM115 adherent cells were seeded in 25-cm2 flasks and 

incubated with proper media for 7 days to determine their spheroidogenic potential. Melanospheres were 

photographed and counted with Zeiss Axiovert 200 microscope with a 10 × 1.4 objective lens linked to a 

Coolsnap Es CCD camera.  

 

Melanosphere propagation assay 

     After treatment, A375 and WM115 melanosphere-derived cells were seeded in 25-cm2 flasks and 

incubated with proper media for 7 days to determine their spheroidogenic potential. Melanospheres were 

photographed and counted with Zeiss Axiovert 200 microscope with a 10 × 1.4 objective lens linked to a 

Coolsnap Es CCD camera. 

 

Evaluation of ABCG2 enrichment 
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After transfection or treatment, A375 and WM115 adherent cells were seeded in 25-cm2 flasks and 

incubated with proper media for 7 days to determine ABCG2 enrichment. Melanospheres were mechanically 

disaggregated by pipetting to reach a single cell suspension, washed in PBS and incubated with anti-ABCG2 

antibody (1:500) for 30 min. Flow cytometry analysis was performed through a Novocyte3000 instrument. 

Data were analyzed with Novoexpress software.  

 

Western blot analysis 

     A375 and WM115 adherent cells were plated at 5 × 105 cells/dish in 10‐cm dishes, and after 48 hours 

they were harvested and lysed in RIPA buffer. Melanospheres were collected, and protein extracts were 

prepared as above. Protein preparations (20 μg) were then resolved on SDS‐PAGE and transferred to a 

nitrocellulose membrane. Membranes were incubated with the specific primary antibodies. Detection was 

done by using horseradish peroxidase‐conjugated secondary antibodies and enhanced chemiluminescence 

reagents. GAPDH was utilized as loading control. 

 

Statistical analysis 

     Statistical analysis was performed with a statistic package (GraphPad Prism5, GraphPad Software San 

Diego, CA, USA). Data are represented as the mean ± SEM of three independent experiments. Differences 

between groups were assessed by t-test or Dunnet's test after one‐way analysis of variance. A P value < 0.05 

was considered statistically significant. 

 

RESULTS 

Melanoma SCs display increased mitochondrial biogenesis 

     By using a 3D sphere culture model, we have recently demonstrated that a subpopulation of ABCG2+ 

cells endowed with CSC traits, including an enrichment in pluripotent embryonic stem cell markers and an 

increase in invasive ability, in vivo aggressiveness and therapy escape, is present in human melanoma [14]. 

Herein, we employed MitoTracker Green FM, a fluorescent probe that enters mitochondria regardless of 

membrane potential, to investigate the metabolic features of A375 and WM115 CSCs. Intriguingly, we found 

that melanoma SC subset displays higher mitochondrial mass compared with non-stem cells (Fig. 1A), 

suggesting that a correlation might exists between cancer stemness and an altered mitochondrial content. 

     To validate the above findings, we next examined mitochondrial biogenesis in A375 and WM115 

melanospheres. This process is a self-renewal mechanism, by which new mitochondria are generated from 

the ones already existing. Its master regulator is PGC1-α, whose activation promotes the transcription and 

subsequent translation of the mtDNA-encoded genes into various proteins, including 13 polypeptides 

essential for OXPHOS [24]. Remarkably, Western blot analysis showed an upregulation of PGC1-α in 

spheroids with respect to adherent cells (Fig. 1B). Moreover, in melanoma CSCs we observed an 
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overexpression of OXPHOS complexes (Fig. 1C). Collectively, these results confirm the strict link between 

enhanced mitochondrial mass and a stem-like phenotype. 

 

Melanoma SCs exhibit an oxidative metabolism 

     Based on the observations reported above, we further evaluated the role of mitochondria in melanoma SC 

compartment. In A375 and WM115 spheroids a significantly higher mitochondrial membrane potential was 

measured by MitoTracker Orange CMTMRos staining (Fig. 2A). Similarly, Mito Stress Test, which provides 

respiratory parameters, indicated that melanospheres exhibit higher oxygen consumption rate than their naïve 

counterpart, both in basal and in FCCP (carbonylcyanide-4-(trifluoromethoxy) phenylhydrazone)-uncoupled 

conditions (Fig. 2B). In addition, the response to oligomycin A, which accounts for non-phosphorylating 

respiration, showed that mitochondrial respiration is coupled to increased ATP synthesis, as also 

demonstrated by a specific colorimetric assay (Fig. 2B and 3A). Finally, an enhanced production of 

mitochondrial superoxide, the predominant ROS generated by the electron transport chain, was highlighted 

in A375 and WM115 CSCs (Fig. 3B). Overall, these data support the hypothesis by which melanoma SCs 

are characterized by an oxidative profile and strongly rely on mitochondrial metabolism to propagate within 

the tumor mass. 

 

PGC1-α is required to maintain melanoma stem-like features 

     As previously mentioned, PGC1-α-mediated mitochondrial biogenesis has recently emerged as a key 

process in determining CSC expansion in different malignancies, such as breast, pancreatic and bile duct 

cancer [9,18–21]. Since PGC1-α is expressed at higher levels in melanoma SCs, we tested the effects of its 

genetic knockdown on the intrinsic characteristics of A375 and WM115 adherent cells. As expected, 

silencing of this molecule (Fig. 4A) led to a significant decrease in both mitochondrial mass and activity 

(Fig. S1A, B). More importantly, it resulted in the suppression of melanoma stem-like properties, namely in 

vitro tumorigenic and migratory potential (Fig. 4B, C). Of note, these functional effects were accompanied 

by a significant reduction in spherogenicity and ABCG2 enrichment (Fig. 4D, E). Taken together, these 

findings prove that PGC1-α-driven mitochondrial biogenesis is required for the maintenance of melanoma 

stem-like features, highlighting once again the association between cancer stemness and an improved 

mitochondrial machinery. 

 

Melanoma SCs can be eradicated by targeting their mitochondria 

     To obtain additional information about the impact of mitochondrial biogenesis on melanoma SCs, A375 

and WM115 adherent cells were exposed to XCT790, an inhibitor of the ERRα/PGC1-α pathway, and SR-

18292, which promotes PGC1-α acetylation and subsequent inactivation. Remarkably, treatment with both 

drugs dose-dependently reduced melanoma cell viability (Fig. 5A and 7A), decreasing both mitochondrial 

mass and activity (Fig. S2A, B and S3A, B). Moreover, pharmacological inhibition of PGC1-α led to the 

abrogation of cell clonogenic ability and invasion (Fig. 5B, C and 7B, C). Finally, blockage of melanosphere 
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formation/propagation and ABCG2+ cell proliferation was found (Fig. 6A-D and 8A-D), once again 

following mitochondrial dysfunction (Fig. S4A, B and S5A, B). These results identify PGC1-α as a relevant 

target in melanoma SCs, outlining the possibility of successfully eradicating these cells by disrupting their 

mitochondrial homeostasis. 

 

DISCUSSION 

     Malignant melanoma is the most aggressive type of skin cancer. Despite the availability of several 

therapeutic options, it is characterized by large heterogeneity that allows cancer cells to survive to standard 

treatments. Thus, drug resistance and tumor relapse still represent a huge problem [22,23]. 

     One of the main causes of cancer aggressiveness is the presence of CSCs in the tumor mass. CSCs are a 

rare subpopulation of the cell bulk, capable of both self-renewal and multipotent differentiation and thus 

believed to be endowed with tumor-initiating abilities. For these reasons, they are commonly involved in 

treatment escape and cancer recurrence [2]. In this setting, the identification of specific CSC traits could 

provide new targets for cancer therapy. 

     Herein, we investigated the metabolic implications of cancer stemness in A375 and WM115 human 

melanoma cells, by comparing 2D and 3D culture models. 

     First, by employing the fluorescent staining with MitoTracker Green FM, we analyzed the mitochondrial 

content in A375 and WM115 cell lines, demonstrating that ABCG2-enriched melanospheres are 

characterized by higher mitochondrial mass. Overall, these results are in line with previous observations 

highlighting the crucial role of mitochondria in conferring stem-like traits to glioma and glioblastoma cells 

[24,25]. Similarly, increased numbers of these organelles have been found to correlate with enhanced 

aldehyde dehydrogenase (ALDH) activity and an ESA+/CD24- phenotype in breast cancer, allowing the 

identification of specific stem-like subpopulations in both tumor cell lines and tissues [9]. Moreover, a cell 

side-population with high mitochondrial mass is dramatically expanded in head and neck carcinomas during 

the first phases of tumor development [26]. In this context, our findings not only support previous data about 

the centrality of mitochondria in tumor initiation but also indicate that enhanced mitochondrial content may 

represent a key CSC characteristic in melanoma. 

     Based on the above evidence, we next designed experiments to unravel druggable targets that are 

specifically activated in melanoma CSCs. Intriguingly, we found that A375 and WM115 spheroids exhibit 

higher levels of the mitochondrial biogenesis activator PGC1-α and of OXPHOS complexes compared with 

parental cells, mediating a metabolic switch characterized by increased mitochondrial membrane potential, 

oxygen consumption, ATP synthesis and ROS production. In accordance with our findings, enhanced 

mitochondrial biogenesis and OXPHOS have been detected in breast and pancreatic CSCs [18–20,27,28]. In 

addition, cholangiocarcinoma stem-like cells have been reported to preferentially use electron transport 

chain-derived ATP as a source of energy and to strongly depend on oxygen uptake for their growth [21]. 

More importantly, Roesch et al. have recently demonstrated that long-term treatment with various drugs 

leads to the selection of slow-cycling melanoma cells expressing high levels of the histone demethylase 
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JARID1B and of OXPHOS proteins [29]. Collectively, our results are consistent with the idea that an 

optimized mitochondrial machinery sustains CSC maintenance and expansion. 

     To validate the above mitochondrial phenotype not only as a stemness marker but also as a potential 

therapeutic target, we evaluated the response of A375 and WM115 cells to both genetic depletion and 

pharmacological inhibition of PGC1-α. Interestingly, in both cell cultures silencing of this protein led to a 

decrease in colony growth, migration, spherogenic ability and ABCG2 expression. Likewise, exposure of 

melanoma cells to XCT790 and SR-18292, two chemical inhibitors of PGC1-α signaling, resulted in a dose-

dependent reduction in cell proliferation, followed by a significant suppression of in vitro tumorigenicity, 

invasion, sphere formation/propagation and ABCG2 enrichment. Remarkably, recent studies have shown 

that blocking mitochondrial biogenesis can effectively prevent the anchorage-independent survival and 

propagation of epithelial tumor-initiating cells [21,30]. Similar results were also obtained with doxycycline, 

tigecycline and azithromycin, three well-established antibiotics able to target mitochondrial protein 

translation [16,29–32]. Furthermore, several OXPHOS inhibitors, including metformin, phenformin and 

atovaquone, have shown promise in CSC elimination [33–36]. Finally, a mitochondria-based oncology 

platform, named MITO-ONC-RX, has been recently proposed for eradicating tumor-initiating cells, 

evidencing the importance of these organelles in determining CSC survival and proliferation [37]. To the 

best of our knowledge, this is the first study highlighting the possibility of successfully eliminating 

melanoma CSCs by targeting mitochondrial biogenesis. In this regard, it is worth emphasizing that the 

regulation and role of PGC1-α in cancer is not univocal, with different oncogenic and lineage-specific 

modules finely stimulating this protein to promote or dampen tumorigenesis and metastasis, even in the same 

malignancy [40–42]; hence, systematic evaluation of context-specific determinants is necessary not only to 

expand our understanding of PGC1-α function but also to define new pharmacological strategies [42].  

     In conclusion, melanoma CSCs showed high mitochondrial mass, accompanied by increased 

mitochondrial biogenesis and OXPHOS, indicating that the stem-like phenotype reflects a specific metabolic 

state characterized by an improved mitochondrial machinery. In line with this premise, blockage of PGC1-α 

pathway correlated with the complete abrogation of melanoma stemness traits. Thus, these results suggest 

that, in addition to standard approaches, it might be useful to target the above metabolic features in order to 

prevent tumor relapse. 
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FIGURE CAPTIONS 

Fig. 1. Melanoma SCs display increased mitochondrial biogenesis. A, Mitochondrial mass was measured 

in A375 and WM115 adherent and melanosphere-derived cells by flow cytometry. Each experiment was 

repeated three times. Data represent mean values ± SEM and were analyzed by t-test. ***P < 0.001 vs A375 

or WM115. B, PGC1-α expression was analyzed in A375 and WM115 adherent and melanosphere-derived 

cells by Western blot analysis. GAPDH expression was evaluated as a loading control. One representative of 

three experiments performed is shown. B, OXPHOS complex expression was analyzed in A375 and WM115 
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adherent and melanosphere-derived cells by Western blot analysis. GAPDH expression was evaluated as a 

loading control. One representative of three experiments performed is shown.  

Fig. 2. Melanoma SCs exhibit enhanced mitochondrial activity and oxygen consumption rate. A, 

Mitochondrial activity was measured in A375 and WM115 adherent and melanosphere-derived cells by flow 

cytometry. Each experiment was repeated three times. Data represent mean values ± SEM and were analyzed 

by t-test. ***P < 0.001 vs A375 or WM115. B, Oxygen consumption rate was evaluated in A375 and 

WM115 adherent and melanosphere-derived cells by Mito Stress Test. Each experiment was repeated three 

times. Data represent mean values ± SEM and were analyzed by t-test. *P < 0.05 vs A375 or WM115. **P < 

0.01 vs A375 or WM115. 

Fig. 3. ATP synthesis and mitochondrial ROS production are higher in melanoma SCs. A, ATP 

synthesis mas evaluated in A375 and WM115 adherent and melanosphere-derived cells by colorimetric 

assay. Each experiment was repeated three times. Data represent mean values ± SEM and were analyzed by 

t-test. *P < 0.05 vs A375 or WM115. **P < 0.01 vs A375 or WM115. B, Mitochondrial ROS production was 

measured in A375 and WM115 adherent and melanosphere-derived cells by flow cytometry. Each 

experiment was repeated three times. Data represent mean values ± SEM and were analyzed by t-test. ***P < 

0.001 vs A375 or WM115.  

Fig. 4. PGC1-α is required to maintain melanoma stem-like features. A, After transfection, PGC1-α 

expression was analyzed in A375 and WM115 adherent cells by Western blot analysis. GAPDH expression 

was evaluated as a loading control. One representative of three experiments performed is shown. B, After 

transfection, clonogenic ability was evaluated in A375 and WM115 adherent cells by colony formation 

assay. Each experiment was repeated three times. Data represent mean values ± SEM and were analyzed by 

t-test. **P < 0.01 vs Scramble. C, After transfection, invasive potential was evaluated in A375 and WM115 

adherent cells by transwell migration assay. Each experiment was repeated three times. Data represent mean 

values ± SEM and were analyzed by t-test. *P < 0.05 vs Scramble. D, After transfection, spherogenic ability 

was evaluated in A375 and WM115 adherent cells by sphere formation assay. Each experiment was repeated 

three times. Data represent mean values ± SEM and were analyzed by t-test. *P < 0.05 vs Scramble. E, After 

transfection, ABCG2 enrichment was measured in A375 and WM115 adherent cells by flow cytometry. 

Each experiment was repeated three times. Data represent mean values ± SEM and were analyzed by t-test. 

**P < 0.01 vs Scramble. ***P < 0.001 vs Scramble.  

Fig. 5. XCT790 decreases melanoma cell viability, colony formation and migration. A, A375 and 

WM115 adherent cells with XCT790 (1.5-20 μM) for 48 hours. Cell viability was then evaluated by MTT 

assay. Each experiment was repeated three times. Data represent mean values ± SEM and were analyzed by 

Dunnet's test after one‐way analysis of variance. **P < 0.01 vs 0, controls (vehicle); ***P < 0.001 vs 0, 

controls (vehicle). B, A375 and WM115 adherent cells with XCT790 (10 μM) for 48 hours. Clonogenic 

ability was evaluated by colony formation assay. Each experiment was repeated three times. Data represent 

mean values ± SEM and were analyzed by t-test. ***P < 0.001 vs C, controls (vehicle). C, A375 and 
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WM115 adherent cells with XCT790 (10 μM) for 48 hours. Invasive potential was evaluated by transwell 

migration assay. Each experiment was repeated three times. Data represent mean values ± SEM and were 

analyzed by t-test. *P < 0.05 vs C, controls (vehicle). 

Fig. 6. XCT790 suppresses melanoma cell spherogenic ability and ABCG2 enrichment. A, A375 and 

WM115 adherent cells with XCT790 (10 μM) for 48 hours. Spherogenic ability was then evaluated by 

sphere formation assay. Data represent mean values ± SEM and were analyzed by t-test. **P < 0.05 vs C, 

controls (vehicle). B, A375 and WM115 adherent cells with XCT790 (10 μM) for 48 hours. ABCG2 

enrichment was then measured by flow cytometry. Each experiment was repeated three times. Data represent 

mean values ± SEM and were analyzed by t-test. *P < 0.05 vs C, controls (vehicle). **P < 0.01 vs C, 

controls (vehicle). C, A375 and WM115 melanosphere-derived cells with XCT790 (10 μM) for 48 hours. 

Invasive potential was evaluated by transwell migration assay. Each experiment was repeated three times. 

Data represent mean values ± SEM and were analyzed by t-test. **P < 0.01 vs C, controls (vehicle). D, A375 

and WM115 melanosphere-derived cells with XCT790 (10 μM) for 48 hours. ABCG2 enrichment was then 

measured by flow cytometry. Each experiment was repeated three times. Data represent mean values ± SEM 

and were analyzed by t-test. *P < 0.05 vs C, controls (vehicle). **P < 0.01 vs C, controls (vehicle). 

Fig. 7. SR-18292 decreases melanoma cell viability, colony formation and migration. A, A375 and 

WM115 adherent cells with SR-18292 (12.5-200 μM) for 48 hours. Cell viability was then evaluated by 

MTT assay. Each experiment was repeated three times. Data represent mean values ± SEM and were 

analyzed by Dunnet's test after one‐way analysis of variance. ***P < 0.001 vs 0, controls (vehicle). B, A375 

and WM115 adherent cells with SR-18292 (50 μM) for 48 hours. Clonogenic ability was evaluated by 

colony formation assay. Each experiment was repeated three times. Data represent mean values ± SEM and 

were analyzed by t-test. ***P < 0.001 vs C, controls (vehicle). C, A375 and WM115 adherent cells with SR-

18292 (50 μM) for 48 hours. Invasive potential was evaluated by transwell migration assay. Each experiment 

was repeated three times. Data represent mean values ± SEM and were analyzed by t-test. *P < 0.05 vs C, 

controls (vehicle). **P < 0.01 vs C, controls (vehicle). 

Fig. 8. SR-18292 suppresses melanoma cell spherogenic ability and ABCG2 enrichment. A, A375 and 

WM115 adherent cells with SR-18292 (50 μM) for 48 hours. Spherogenic ability was then evaluated by 

sphere formation assay. Data represent mean values ± SEM and were analyzed by t-test. ***P < 0.001 vs C, 

controls (vehicle). B, A375 and WM115 adherent cells with SR-18292 (50 μM) for 48 hours. ABCG2 

enrichment was then measured by flow cytometry. Each experiment was repeated three times. Data represent 

mean values ± SEM and were analyzed by t-test. ***P < 0.001 vs C, controls (vehicle). C, A375 and 

WM115 melanosphere-derived cells with SR-18292 (50 μM) for 48 hours. Invasive potential was evaluated 

by transwell migration assay. Each experiment was repeated three times. Data represent mean values ± SEM 

and were analyzed by t-test. ***P < 0.001 vs C, controls (vehicle). D, A375 and WM115 melanosphere-

derived cells with SR-18292 (50 μM) for 48 hours. ABCG2 enrichment was then measured by flow 
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cytometry. Each experiment was repeated three times. Data represent mean values ± SEM and were analyzed 

by t-test. ***P < 0.001 vs C, controls (vehicle). 

Suppl Fig 1. PGC1-α silencing leads to a reduction in mitochondrial mass and activity. A, After 

transfection, mitochondrial mass was measured in A375 and WM115 cells by flow cytometry. Each 

experiment was repeated three times. Data represent mean values ± SEM and were analyzed by t-test. ***P < 

0.001 vs Scramble. B, After transfection, mitochondrial activity was measured in A375 and WM115 cells by 

flow cytometry. Each experiment was repeated three times. Data represent mean values ± SEM and were 

analyzed by t-test. ***P < 0.001 vs Scramble. 

Suppl Fig 2. XCT790 reduces mitochondrial mass and activity in melanoma cells. A, After treatment, 

mitochondrial mass was measured in A375 and WM115 cells by flow cytometry. Each experiment was 

repeated three times. Data represent mean values ± SEM and were analyzed by t-test. ***P < 0.001 vs C, 

controls (vehicle). B, After treatment, mitochondrial activity was measured in A375 and WM115 cells by 

flow cytometry. Each experiment was repeated three times. Data represent mean values ± SEM and were 

analyzed by t-test. ***P < 0.001 vs C, controls (vehicle). 

Suppl Fig 3. SR-18292 reduces mitochondrial mass and activity in melanoma cells. A, After treatment, 

mitochondrial mass was measured in A375 and WM115 cells by flow cytometry. Each experiment was 

repeated three times. Data represent mean values ± SEM and were analyzed by t-test. ***P < 0.001 vs C, 

controls (vehicle). B, After treatment, mitochondrial activity was measured in A375 and WM115 cells by 

flow cytometry. Each experiment was repeated three times. Data represent mean values ± SEM and were 

analyzed by t-test. ***P < 0.001 vs C, controls (vehicle). 

Suppl Fig 4. XCT790 reduces mitochondrial mass and activity in melanosphere-derived cells. A, After 

treatment, mitochondrial mass was measured in A375 and WM115 melanosphere-derived cells by flow 

cytometry. Each experiment was repeated three times. Data represent mean values ± SEM and were analyzed 

by t-test. ***P < 0.001 vs C, controls (vehicle). B, After treatment, mitochondrial activity was measured in 

A375 and WM115 melanosphere-derived cells by flow cytometry. Each experiment was repeated three 

times. Data represent mean values ± SEM and were analyzed by t-test. ***P < 0.001 vs C, controls (vehicle). 

Suppl Fig 5. SR-18292 reduces mitochondrial mass and activity in melanosphere-derived cells. A, After 

treatment, mitochondrial mass was measured in A375 and WM115 melanosphere-derived cells by flow 

cytometry. Each experiment was repeated three times. Data represent mean values ± SEM and were analyzed 

by t-test. ***P < 0.001 vs C, controls (vehicle). B, After treatment, mitochondrial activity was measured in 

A375 and WM115 melanosphere-derived cells by flow cytometry. Each experiment was repeated three 

times. Data represent mean values ± SEM and were analyzed by t-test. ***P < 0.001 vs C, controls (vehicle). 
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HIGHLIGHTS 

- Melanoma stem cells exhibit increased mitochondrial mass 

- This correlates with enhanced mitochondrial biogenesis and oxidative phosphorylation  

- Inhibition of PGC1-α pathway leads to melanoma stem cell eradication 
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