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THESIS SUBJECT: “Study of the protective role of sesquiterpenes against cancer cells”

PREMISE: 
Environmental pollution represents a very big issue for human health and poses multiple challenges in terms of management and mitigation of toxicity pollutants, released from anthropogenic and natural sources. In this contest, characterizing pollutants molecular mechanisms seems to be an urgent need for an effective decontamination and for reducing their impact on human health and environment.
We investigated the involvement of STAT3 pathways in the pro-cancerogenic effects of cigarette smoke (Condensed Smoke Cigarettes, obtained from  standard 3R4F cigarettes; University of Kentucky) and β-hexachlorocyclohexane (β-HCH). Furthermore, the possible role of the natural bicyclical sesquiterpene β- caryophyllene (CRY) as an environmental decontaminant has been assessed. The activation of STAT3 signalling pathway triggered by β-HCH (10 μM) and CSC (75 μg/ml) and the ability of CRY to interfere with this process were investigated in MDA-MB-468 and MCF-7 breast cancer cells, performing western blot, proliferation and migration assay and RT-qPCR.

METHODOLOGY AND RESULTS:
To begin with, we performed a time course assay, stimulating our cell lines with β-HCH and CSC for different time points (5’, 15’, 30’, 1h, 2h and 4h), then we extracted the total cellular proteins with a specific lysis buffer and subjected them to SDS-PAGE 10% and subsequent immunoblotting with a specific antibody anti-Y705p-STAT3. We discovered that both pollutants mainly activate STAT3 phosphorilation, on the residue Y705, the one responsible of its homodimerization and nuclear translocation, after 30’. Thus, we stimulated cells with β-Caryophyllene, β-Caryophyllene-oxide (its oxidative product) and α-Humulene (its isomer), 10μg/ml, for an overnight exposure time. After that, cells were exposed to β-HCH (10μM) and CSC (75μg/ml) for 30’. Thus total cellular proteins were extracted and subjected to SDS-PAGE 10% and immunoblotting whit a specific antibody anti-Y705p-STAT3. Results shows that only β-Caryophyllene treatment leads to a massive decrease in STAT3 phosphorilation. 
Furthermore, β-HCH and CSC-triggered cells migration and proliferation were assessed in presence and in absence of CRY, which clearly exerts a protective role, especially after 24h and 48h of treatment. 
To verify whether the β-Caryophyllene exerts its antitumor effect via inhibition of STAT3 activation, we performed a Real Time - quantitative Polymerase Chain Reaction (RT-qPCR), in order to monitor the mRNA expression levels of BIRC5, TXP2 and MMP2, three genes under STAT3 control involved in the metastasization of cancer cells. At first, total RNA was extracted from cells using TRIzol reagent, then quantified spectrophotometrically and subjected to 1% agarose gel electrophoresis, in order to verify its quality. Next, the reverse transcription was carried out; finally gene expression was evaluated with a SYBR green fluorophore based real-time reaction. As we expected, CSC and β-HCH stimulation leads to an evident increase in the expression level of these three genes, while CRY pre-treatments of our cells decreases it.
Taking into account these results we can assess that, in breast cancer cells, β-Caryophyllene displays a more effective protective role compared to β-Caryophyllene-oxide and α-Humulene and that it is active against both CSC and β-HCH pollutants. This supports the possible role of CRY as a chemopreventive agent and suggests further studies to validate the idea of using this natural compound as an environmental decontaminant.
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