Fasciola hepatica tegumental antigens induce anergy in CD4+ T cells
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[bookmark: _GoBack]Helminths are parasitic worms which infect and survive within their host for many years due to their ability to modulate host immunity via a range of mechanisms. The two types of regulatory T cells associated with helminth infection are FoxP3+ Treg cells and anergic T cells. In this study, we examined the CD4+ T cell responses in mice during infection with Fasciola hepatica. Splenocytes from infected mice were re-stimulated in vitro with F. hepatica tegumental coat antigens (FhTeg) and showed a lack of cytokine responses and reduced proliferation, reversible by the addition of IL-2 to the cultures and therefore indicative of an anergic phenotype. Splenocytes from infected mice showed enhanced expression of the anergy-related genes Rnf128, Egr2, Itch and Icos, and there was upregulation of the surface markers PD1 and CTLA4 on CD4+ T cells. The injection of mice with FhTeg mimicked the induction of these anergic-like CD4+ T cell properties observed in live infection. In vitro, FhTeg-activated dendritic cells (DCs) co-cultured with CD4+ T cells suppressed T cell cytokine production and upregulated expression of anergy genes Rnf128, Ctla4 and Icos, as well as the surface marker PD1. FhTeg executes this in vitro induction of anergic properties via the mannose receptor (MR) on the surface of DCs, as evidenced by the blocking of anergy induction using sugars that bind MR, and further confirmed by the inability of DCs from MR-knockout mice to induce anergy in CD4+ T cells. Finally, we show that FhTeg is also able to directly induce an anergic phenotype in CD4+ T cells without the need for an antigen presenting cell and this warrants further investigation. In conclusion, the induction of anergic CD4+ T cells by surface antigens from F. hepatica constitutes a novel mechanism contributing to the overall immunosuppressive effects of this parasite and may have implications for future vaccine development.
