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SCIENTIFIC REPORT – HALF PERIOD 

Dr. Sara Carpi, PhD 

(Department of Pharmacy, University of Pisa) 

 

 
Background 

Malignant cutaneous melanoma is the skin cancer with the greatest mortality rate with an 

increasing incidence worldwide (Jemal et al., 2010). This type of tumor is characterized by 

high metastatic potential, enhanced heterogeneity, and resistance to chemotherapy (Santini et 

al., 2014). It has been recognized that one of the most important factors responsible for 

treatment failure is the presence of a small subpopulations of cancer cells, termed melanoma 

initiating cells (MICs) that have stem cell properties (Dirks et al., 2010; Cho et al., 2008). 

The cancer stem cells concept has important implications for cancer therapy; therefore, 

elucidation of the molecular signaling network that drives self-renewal ability, differentiation 

and tumorigenicity in MICs, could help to translate this knowledge into novel potential 

pharmacological agents aimed to change the natural history of the disease. 

The endocannabinoid system (ECS), including endocannabinoids, their G-protein-coupled 

receptors and enzymes responsible for their metabolism, seems to play a key role in 

regulating signaling pathways involved in neoplastic transformation, tumor growth and 

progression (Pisanti et al., 2013). Melanoma cells as well as normal melanocytes derive from 

the neural crest lineage and it has been recently demonstrated that modulation of CB1 

receptor is implicated in the control of neurogenesis (Compagnucci et al., 2013). Since the 

central nervous system (CNS) is frequently involved in metastatic melanoma (Boiko et al., 

2010), this evidence suggests that ECS may also play a role in migration and homing of 

circulating tumor cells into the CNS. 

 

Aims  

The aim of the current study is to investigate the role of the ECS in melanoma cells and in 

MICs. 	  
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Material and Methods 

 

In vitro models 

A375 melanoma cell line was obtained from ATCC (Manassas, VA, 

http://www.lgcstandards-atcc.org) and cultured in Dulbecco’s modified Eagle’s medium 

(DMEM) (Euroclone, Milan, Italy) with 10% fetal bovine serum (FBS) and 1% (w/v) 

penicillin/streptomycin (Sigma-Aldrich, Milan, Italy). Primary melanoma cells (ssM2c, 

M26c and Me5) will be obtained from human melanoma samples after approved a protocol 

approved by the local Ethics Committee, in collaboration with the laboratory of Tumor Cell 

Biology, Core Research Laboratory, at the Istituto Toscano Tumori (Florence, Italy).  
To obtain melanoma-sphere cultures, cells were seeded at a concentration of 5,000 cells per 

milliliter in DMEM/F12 serum-free medium with N2 supplement, 20 μg/ ml insulin, 10 

ng/ml EGF, and 10 ng/ml basic fibroblast growth factor (bFGF) (Invitrogen), as previously 

reported (Fang et al., 2005).  

 

RNA interference and lentivectors 

Lentiviruses were produced in HEK-293T cells, as already described (Santini et al., 2014). 

Lentiviral vectors pLKO.1-puro (LV-c), pLKO.1-puro-shCB1-1 (LV-shCB1-1), targeting 

CDS region, and pLKO.1-puro-shCB1-2 (LV-shCB1-2), targeting 3UTR region, were from 

Sigma-Aldrich (Milan, Italy). Puromycin was used at 2 µg/ml to select for transduced cells. 

 

Real-time PCR  

Total RNA was isolated and reverse transcripted, as previously described (Carpi et al., 2014). 

Quantitative PCR amplifications were carried out using TaqMan probe for CB1 and CB2 

(Thermo Fisher Scientific, MA, USA). Data were analyzed by δ-Ct method using 18s as 

housekeeping genes.  

 

Western blotting 

Western blot was carried out as previously described (Carpi et al., 2014). Antibodies were 

rabbit monoclonal anti-CB1 (Abcam, Ab172970), rabbit anti-Cyclin B1 (Santa Cruz 

Biotechnology, H-433), and mouse monoclonal anti-actin (Merck-Millipore, #MAB1501). 

Chemiluminescent detection was used. 
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Cell growth  

3,000 transduced cells/well were seeded in 12-well plates and counted after 5 days using 

trypan blue staining.   

 

Colony forming assay  

A375 cells were seeded at low density (500 cells/well) and grown for 7 days in normal serum 

medium. Colonies of A375 melanoma cells stably transduced with LV-c, LV-shCB1-1 and 

LV-shCB1-2 were visualized by crystal violet staining. 

Cells were harvested and counted using a hemocytometer. Cells were then diluted and seeded 

at low density (500 cells/well) on a six-well plate and incubated in new fresh medium at 

37 °C in 5% humidified CO2. After incubation for 10–14 days, cells were washed with PBS 

twice, fixed with methanol for 15 min, and stained with 0.5% crystal violet for 15 min at 

room temperature. Colonies containing more than 50 individual cells are counted using a 

stereomicroscope. 

 

Cell cycle assay  

20 x 104 cells were seeded on a six-well plate and incubated in medium with 1% FBS for 24h 

and with 10%FBS for 48h. To determine cell cycle distribution, cells were centrifugated for 5 

min at 5,000 rpm. Cells were resuspended in 500 µl of propidium iodide (PI) solution 

(trisodium citrate 0.1% w/v, NP40 0.1% w/v, PI 50 µg/ml) (Merck Millipore, Calbiochem, 

#537059), incubated for 30 min at 4°C in darkness and subjected to flow cytometry analysis. 

Flow cytometry was performed on a FACSCanto II (BD Bioscience). The acquired FACS 

data were analyzed by ModFit LT software (Verity Software House, Inc.) to determine the 

percentage of the population in the G0/G1, S and G2/M phase.  

 

Migration capability (scratch wound assay) 

Confluent cells in complete medium were wounded by a scratch with a pipette tip. Plates 

were washed twice with PBS in order to remove the detached cells, and incubated using the 

complete growth medium. Wound closure (cells migrating into the scratched empty space) 

was monitored by microscopy. 

 

Self-renewal ability  

Cells were transduced with LV-c, LV-shCB1-1 and LV-shCB1-2 and let to form spheres in 

DMEM/F12 medium containing 2 ng/ml EGF and bFGF. Primary melanoma spheres were 
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dissociated and plated in 12-well plates at 1 cell/µ  l dilutions for self-renewal assay. After 1 

week, secondary spheres were counted. All the experiments were performed in duplicate and 

were repeated at least two times.  

 

Statistic analysis 

Data are presented as mean ± SEM from at least two independent experiments. Statistical 

analysis was performed by ANOVA followed by Bonferroni’s multiple comparison test. p 

values less then 0.05 were considered as statistically significant.  

 

Results 

 

Gene expression 

CB1 mRNA was expressed in melanoma cells, primary melanoma cultures and their 

correspondent melanoma stem cells (melanoma-spheres) harboring BRAFV600E mutation (Fig. 

1), while BRAF-wild type parental cells, their correspondent melanoma stem cells did not 

express or expressed CB1 at low levels.  

A)       B) 

 
 

Fig. 2. Gene expression analysis of CB1 receptors in human melanoma (A) and stem-like cells (B) 

n=3.  

 

At variance with CB1, CB2 receptor gene expression was not found in the tested cell lines 

(Tab. 1).  
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Tab. 1. Gene expression of CB2 receptors in human melanoma cells and in 
stem-like cells.  

                
    * Jurkat 

 

CB1 stable silencing 

In A375 cells, both shCB1-1 and shCB1-2 significantly decreased CB1 mRNA (Fig. 2A) and 

protein expression (Fig. 2B), compared to control LV-c.  

 

 A)       B) 

 
Fig. 2. CB1 mRNA (A) and protein (B) expression in A375 cells (***p<0.001 vs LV-c; 
ANOVA followed by Bonferroni’s multiple comparison test; n=2).  

 

CB1 silencing also decreased A375 melanoma cell growth (Fig. 3A) and colony-forming 

ability, compared to control LV-c (Fig. 3B). 

  

CB1 

β-actin 

LV
-c LV

-sh
CB 1

-2 

LV
-sh

CB 1-
1  



	  7	   	  

 A)       B) 

 
Fig. 3. Effects of CB1 receptor knockdown in A375 cells. (A) Cell growth assay; (B) Colony formation 
assay; (*p<0.05, **p<0.01 vs LV-c; ANOVA followed by Bonferroni’s multiple comparison test; 
n=2).  
 

CB1 silencing induced G2/M phase arrest (Fig. 4A) and down-regulation of cyclin B1 (Fig. 

4B) in A375 cells suggesting a G2 arrest.  

 

 A)         

                 
 B)   

                                              
Fig. 4. Effects of CB1 receptor knockdown in A375 cells. (A) Cell cycle analysis; (B) Cyclin-B1 
protein expression. 
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CB1-silenced A375 cells showed a decrease in migratory capacity, compared to control LV-c 

(Fig. 5).  

 

                                 
Fig. 5. Phase-contrast microscopy images of the migration assays (x20 magnification). 

 

CB1 receptor knockdown also reduced the number of secondary melanoma A375 stem-like 

cells (Fig. 6). 

 

                                               

 

 

 

 

 

 

 

 
Fig. 6. Number of spheres per 1000 primary in self-renewal assay (*p<0.05 vs LV-c; ANOVA 
followed by Bonferroni’s multiple comparison test; n=2).  
 

Conclusions 
 
Overall, findings of the current study suggest a possible role of CB1 receptor in determining 
the  phenotype of melanoma cells and in controlling self-renewal of melanoma stem-like cells, 
so representing a possible new pharmacological target in the therapy of the skin cancer. 
Further experiments aimed at confirming this hypothesis are ongoing. 
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