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Objective(s): Metastasis is the main cause of death in patients with melanoma. Cannabis-based medicines are 
effective adjunctive drugs in cancer patients. Tau and Stathmin proteins are the key proteins in cancer 
metastasis. Here we have investigated the effect of a standardized Cannabis sativa extract on cell migration 
and Tau and Stathmin gene expression in the melanoma cell line. 
Materials and Methods: In the treatment group, melanoma (B1617) was treated 48 hr with various 
concentrations of standardized C. sativa extract. Cells with no treatment were considered as the control 
group, then study was followed by Quantitative RT-Real Time PCR assay. Relative gene expression was 
calculated by the ΔΔct method. Migration assay was used to evaluate cancer metastasis. 
Results: Tau and stathmin gene expression was significantly decreased compared to the control group. 
Cell migration was also significantly reduced compared to controls.  
Conclusion: C. sativa decreased tau and stathmin gene expression and cancer metastasis.  The results 
may have some clinical relevance for the use of cannabis-based medicines in patients with metastatic 
melanoma. 
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Introduction 
Melanoma is the most malignant skin cancer, 

incidence rate of which increases over time. At 
present no effective treatment exists for advanced 
melanoma. Metastasis accounts for the vast majority 
of death associated with malignant melanoma (1). 

Metastasis is a complex phenomenon. Melanoma 
cells detach from the main tumor, reach blood 
circulation and migrate to distinct organs in order to 
form metastases. High motility of cancer cells is 
important during these stages (2, 3). Recent studies 
indicate that cellular cytoskeleton binding proteins 
mediate cell motility (4-6). Therefore, these proteins 
may have promising effects to attenuate the metastatic 
properties of melanoma cells (7). 

Microtubules are components of the cytoskeleton; 
they have critical roles in cell invasion and motility (8, 9). 
Tau regulates the intracellular dynamic behavior of 
microtubules (10). Tau is part of the MAP2 family 
and increases microtubule assembly. Basically, tau is 
known as a neuronal MAP and is involved in neurite 
outgrowth. In cells attached to an extracellular matrix 
(ECM), tau enhances the extension of microtubule- based 

 

 neurite-like protrusions (11-14).  
Stathmin (STMN1) is an oncoprotein that has a 

critical role in the regulation of mitosis (15). 
Increased expression of STMN1 has been seen in 
different malignancies, especially melanoma. (16). It 
can precede tumor development and metastasis. 
High level of STMN1 expression is associated with 
poor prognosis in cancer patients (17, 18). 

Cannabis sativa (marijuana) is a plant which is 
used both illegally and medicinally (19). The active 
compounds of this plant are cannabinoids. They 
exert their effects by binding to CB1 (central) and 
CB2 (peripheral) receptors (20, 21). Both types of 
cannabinoid receptors have been widely studied in 
cancer development, tumor progression, invasion, 
and metastasis models in vivo and in vitro. The 
preclinical data support the role of plant-derived CBs 
in inhibition of tumor progression. It has been 
proposed that cannabinoids can reduce the 
expression of tau protein in neuroblastoma (22, 23). 
So in this study, we aimed to evaluate the effect of 
standardized C. sativa extract on tau and STMN1 expression 
in melanoma cell line and its effect on cancer invasion. 
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Materials and Methods 
Drugs  

The extract has been prepared by Berij Esans 
(Kashan, Iran). Briefly, the seeds of C. sativa were 
collected from Iranian plant species and dried in the 
shade (25 °C) by the air drying method for 7 days and 
then, were ground using an electric grinder. The extract 
was obtained by the maceration method with 80% 
ethanol for 48 hr. It was standardized with 4% 
cannabidiol and cells were treated with different doses 
of   10, 50, and 100 µgr/ml.  
 
Cell culture 

B16F10 melanoma cells (cell bank of Pasteur Institute, 
Iran) were purchased from the Pasteur Institute (Tehran, 
Iran) and cultured in DMEM containing 10% FBS, 1 g/l 
glucose, 1% L-glutamine, and 1% penicillin-streptomycin 
at 37 °C in a CO2 atmosphere. They were incubated at 37 
°C with 5% CO2 and 95% O2 concentration. The medium 
was changed every day and the third passage cells after 
reaching 80% confluency were used for experiments. 

 
Real-time polymerase chain reaction (RT-PCR) 

RT- PCR experiment using the rotor gene 6000 RT- 
PCR detection system (Corbett Research, Australia) was 
performed in order to determine tau and STMN1 gene 
expression. 1 µg of RNA was reverse transcribed using 
Quantitect Rev, transcription kit (Qiagen, Germany) and 
the complementary DNA (cDNA) was used for Real-
time quantitative PCR. To make standard curves, 5-fold 
serial dilution of melanoma cDNA was used. For SYBR 
Green assay, primers were designed, using Beacon 
Designer (ver. 8.0), that span exon-junctions and were 
synthesized by TIB molbiol (TIB molbiol, Germany):  
tau forward primer 5-CAACAGCGGAAGATGTGACA, 
reverse primer: 5’-ACCATCTTGTACCGGAGAG-3’,  
STMN forward primer CTCGGACTGAGCAGGACTT,  
and reverse primer GGTGAATAGAAGACAAGCGACAG. 
The reaction mixture (25 µl) including 2 µl of cDNA 
template, 1.5 µl each of primers and Quantitect SYBR 
Green master mix (Qiagen, Germany) was amplified 
based on the SYBR Green method. Measuring the 
fluorescence produced due to SYBR Green dye binding 
to dsDNA after every cycle was used to determine 
direct detection of PCR products. Amplification 
efficiencies were tested for the gene of interest (GOI) 
and the housekeeping gene. In order to normalize data 
due to variations in RNA quality and quantity, all 
samples were assayed with the reference gene Beta 
Actin (ACTB). All samples were performed in triplicate. 
 
Invasion assay 

The in vitro invasion assay was performed in the 
uncoated membrane using transwell inserts with an 8-
μm pore size (SPL, Germany). Melanoma was treated 
with different doses of standardized C. sativa (10, 50, 
100 μg/ml) for 48 hr, whilst the control group did not 
receive treatment. Cells (1×104 in 200 μl serum-free  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Tau expression level in melanoma cells, detected by 
Real-time PCR. After 48 hr incubation of treated melanoma cells 
with 100, 50, and 10 dose of Cannabis sativa extract (µgr/ml); 
*P≤0.05; ***P≤0.05 
 

medium) were seeded into the top chamber.  After 48 
hr incubation, non-migrated cells were removed from 
the top of the membrane. Invading cells were fixed and 
stained with a 0.05% (w/v) crystal violet solution. They 
were counted in five random microscopic fields (×200). 
Experiments were performed three times in triplicate. 
 

Results  
The effect of C. sativa on Tau protein expression 

As it can be seen in figure 1, C. sativa significantly 
reduces the expression of the tau gene. The most robust 
result was seen at the doses of 100 (µg/ml) after 48 hr of 
incubation. 

 
The effect of C. sativa on Stathmin protein expression 

Figure 2 represents the effect of the extract on 
stathmin gene expression, however 10 µg/ml of extract 
had the most significant effect on gene expression. 
 
The effect of C. sativa on melanoma cell invasion 

C. sativa decreased melanoma cell line invasion 
significantly (Figure 3).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Stathmin expression level in melanoma cells, detected 
by Real-time PCR. After 48 hr incubation of treated melanoma 
cells with 100, 50, and 10 dose of Cannabis sativa extract (µg/ml); 
*P≤0.05; ***P≤0.05 
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Figure 3. Melanoma migration assay. After 48 hr incubation of 
treated Melanoma with 10 and 100 μg/ml standardized Cannabis 
sativa and no treated cells, the number of migrated cells across 
membrane counted by flowcytometry. Results indicate 100 and 10 
μg/ml standardized C. sativa significantly decreased migration of 
Melanoma; The result compared with control *P≤0.05 

 

Discussion 
To the best of our knowledge, this is the first study 

to investigate the effects of C. sativa extract on tau and 
stathmin protein expression in cancer cell line. 

Microtubule-associated proteins (MAPs) are part of 
the cytoskeleton and have different functional roles. 
Tau protein is a part of MAPs, which regulates 
microtubules dynamic behavior (10). It has been 
studied in different types of cancer. It has been 
proposed that tau expression decreases chemotherapy 
response in cancer patients. Tau is the most expressed 
gene during paclitaxel chemotherapy (24). Growing 
evidence indicates that tau contributes to the 
metastatic efficiency of breast tumor cells. Tau-
overexpressing cell lines are more trapped compared to 
tau-deficient cells in in vitro metastasis assays, 
however, tau can provide a selective advantage during 
metastasis in cancer patients (25). So, anti-tau drugs 
may hold potential to inhibit tumor metastasis. As it can 
be seen, C. sativa extract effectively reduced tau 
expression in melanoma. 

STMN1 interferes with microtubule dynamics and 
promotes depolymerization and/or inhibits microtubule 
formation (26). STMN1 also promotes cancer cell 
proliferation, differentiation, migration, and invasion (27). 
In addition, a high stathmin level in tumor tissues predicts 
a poor overall survival (28), a previous study has shown 
that complete down-regulation of stathmin expression 
by using an siRNA treatment strategy in osteosarcoma 
cell lines, led to significant inhibition of in vitro 
proliferation and colony formation (29). In our study, 
we showed that C. sativa significantly decreased 
stathmin expression. We also observed that extract 
reduced expression in the melanoma cell line.  

There are some results from preclinical studies 
which show the beneficial effects of cannabinoids, 
however, use of them is still restricted to palliative 
therapies (30). Cannabinoid and cannabinoid agonists 
exert anticancer actions in preclinical models of cancer 

through a well-established mechanism of action. It has 
been shown that cannabinoids enhance the anticancer 
activity of TMZ and ALK inhibitors in animal models of 
cancer (31). 

Anti-tumorigenic effects of cannabinoids are shown 
to be mediated via CB1 and CB2 depending on cancer 
cell types (32). However, many antitumorigenic effects 
of cannabinoids have been associated with molecular 
events independent of cannabinoid receptors (33). 

The role of cannabinoids in cancer metastasis and 
invasion is new. It has been demonstrated that 
increased ICAM-1 levels, which are enhanced by CBD, 
can decrease tumor cell invasion and metastasis (34).  

 

Conclusion  
In this study, we demonstrated that C. sativa can 

significantly reduce the migration of melanoma cell line 
and part of this effect is due to reduction in tau and 
stathmin gene expression.  

More preclinical and clinical studies are needed to 
evaluate the advantage of these substances for cancer 
patients. 
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