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PREMISE: Organochlorine pesticides (OCPs) are synthetic compounds that belong to a group of chlorinated hydrocarbon derivatives mostly known for their toxic effects on human health.  Among OCPs, particular attention was focused on the -isomer of hexachlorocyclohexane (-HCH). -HCH is a synthesis by-product of the insecticide lindane (γ-HCH) and is characterized by high lipid solubility, great stability, environmental persistence and long biological half-lives in human tissues. A detailed epidemiological study, still in progress, is biomonitoring the blood levels of -HCH among people living in the “Valle del Sacco” (south of Rome) to investigate if the occurrence of -HCH contamination could be associated with the increasing number of pathological conditions. Signal transducer and activator of transcription 3 (STAT3) is a pleiotropic protein that has been associated with inflammation, cellular transformation, survival, proliferation. Various stimuli such as growth factors, oncogenes and cytokines have been found to activate STAT3 through the phosphorylation at tyrosine 705, that is mandatory for its canonical functions as transcription factor. In addition, under hypoxic or oxidative-stressing conditions, STAT3 has also been found phosphorylated at serine 727 in the mitochondrial compartment, where can slow down the oxidative phosphorylation through the interaction with the complex II of ETC. Moreover, STAT3 can fulfil its biological functions collaborating with other specific protein partners such as PKM2 (Pyruvate Kinase) or HIF-1 (Hypoxia-inducible factor), both involved in the metabolic reprogramming toward aerobic glycolysis known as Warburg Effect. Considering this information, the aim this study is to investigate the involvement of STAT3 in cellular responses to -HCH.

METHODOLOGY AND RESULTS: The β-HCH experimental concentration of 10 µM was extrapolated both from the aforementioned environmental-epidemiological study and the MTT assay performed on MDA-MB 468, HepG2, LNCaP and MCF7 cell lines. Experiments were carried out on a panel of cells representing different human tumour types associated with the expression and activation of specific receptors or kinases that are related to STAT3 activity. Signalling pathways triggered by β-HCH were evaluated through a time-course assay performed on each cell line treated with 10 μM β-HCH. Samples were first analysed by western blot for STAT3 and, then, for specific membrane and membrane associated tyrosine kinase receptors (EGFR in MDA-MB 468, JAK2 in HepG2 and HER2 in MCF-7 cells) and cytoplasmic non-receptor tyrosine kinases (SRC in LNCaP cells) using specific antibodies. Obtained results provide evidences that the phosphorylation of STAT3 at Y705 occurs at different times and seems to be related to the characteristics of each cell line. Thus, the activation of cell-specific STAT3-mediated pathways was assessed by western blot after the cells treatment with -HCH in presence or not of specific inhibitors (Gefitinib as EGFR inhibitor; Dasatinib as Src inhibitor; AZD1480 as Jak2 inhibitor; Lapatinib as HER2 inhibitor). To further confirm the central role of STAT3 in response to -HCH, the profile expression of specific STAT3-target genes was evaluated by RT-qPCR, in the presence or not of S3I-201 (STAT3 inhibitor) and obtained results seemed to validate this hypothesis. In fact, while β-HCH increased gene expression levels, a sensible reduction occurred in co-treatment with S3I-201. As control, pY705–STAT3 activation was checked by western blot and the presence of S3I-201 significantly decreased STAT3-phosphorylation. Several studies reported that organochlorines induce oxidative stress. To investigate if also -HCH could induce stress, GSH/GSSG ratio was analysed by mass spectrometry in HepG2 and MCF-7, which are representative of different behaviours in response to -HCH. Results showed a decrease in GSH/GSSG ratio in both the considered cell lines, in accordance with the outcomes of the time-course assay. Furthermore, STAT3 is involved in cellular responses to oxidative-stress condition through its non-canonical pathway (pS727-STAT3). For this reason, STAT3 phosphorylation at serine 727 was evaluated through western blot analysis: results suggested that phosphorylation at S727 and GSH/GSSG decrease could be temporally associated. In addition, together with PKM2 and HIF-1, STAT3 seems involved in the vicious circuit typical of Warburg Effect. Therefore, the nuclear localization of PKM2 and the expression levels of HIF-1 in response to -HCH were evaluated by western blot in the presence or not of S3I-201, confirming the link between these proteins. Conclusively, the expression profiles of both HIF-1 and PKM2 in response to -HCH were tested as well as two other STAT3-target genes (SOD2 and CDC25A). RT-qPCR experiments confirmed the upregulation of the considered genes in cells treated with -HCH, while this trend is not observed in the presence of S3I-201, settling the existence of a STAT3-PKM2-HIF-1 axis. All the obtained results have been reported in the paper entitled “STAT3, a Hub Protein of Cellular Signaling Pathways, Is triggered by β-Hexachlorocyclohexane” and published on the International Journal of Molecular Sciences.
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