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Editorial on the Research Topic 


TGF-β as a Key Regulator of NK and ILCs Development and Functions


TGF-β is a crucial actor in the scenario of immune regulation. Over the years it emerged as a key tolerogenic cytokine capable of preserving normal tissue homeostasis and avoiding tissue damage upon immune responses. TGF-β1 gene knock-out embryos showed a 50% intrauterine death rate, and, if born, died by 3 to 6 weeks because of a fatal multi-organ inflammation (1). Along this line, several studies addressed the role of TGF-β in the regulation of postnatal inflammatory responses, exploring its effect on different cell types of the immune system like Natural Killer (NK) cells, which are characterized by strong anti-tumor cytolytic activity as the result of the cooperation of different activating receptors. These include NKp30 and NKG2D, whose surface expression is severely impaired by TGF-β with a significant impact on immune-surveillance (2).

The present Research Topic hosts an overview by Lazarova and Steinle on the TGF-β-mediated impairment of the NKG2D axis, with implications in anti-tumor immunity and cancer therapies. As discussed by the authors, the impairment of the NKG2D axis represents a biomarker of TGF-β-compromised cytotoxic lymphocytes in cancer patients. TGF-β would act on two sides, decreasing the expression of NKG2D, on immune effectors, and NKG2D ligands on tumor cells (3, 4). Interestingly, TGF-β also acts as a membrane-bound form expressed by T regulatory cells and Myeloid-Derived Suppressor Cells (MDSC) in the tumor microenvironment. Moreover, in mesothelioma patients, TGF-β carrying exosomes inducing down-regulation of NKG2D in NK cells have been recently described (5).

Several observations derived from in vitro studies indicate that the rescue of the NKG2D-NKG2DL axis could represent a promising strategy to potentiate anti-tumor immune surveillance in cancer patients (3). In this regard, anti-cancer therapies targeting the TGF-β pathway and different clinical trials are discussed in Lazarova and Steinle’s article. Therapeutic strategies include the use of galunisertib, targeting the TGF-β receptor I (TGF-βRI) kinase activity, which had significant therapeutic effects in phase II clinical trials in patients with pancreatic cancer, hepatocellular carcinoma, and neuroblastoma, in the absence of adverse side effects including cardiac toxicity (6). Other promising clinical approaches, with interesting results in preclinical models, are based on the use of either immune cells transduced with a chimeric antigen receptor (CAR) specific for TGF-β, which dimerizes and transduces signals upon TGF-β binding, or a soluble form of TGF-βRII conjugated with antibodies blocking immune checkpoints. The latter approach is associated with increased tumor infiltration by NK and T lymphocytes (7) in line with the capability of TGF-β of negatively modulating the chemokine receptor repertoire of human NK cells (2). In this context, CX3CR1 has been shown to be one of the chemokine receptors down-regulated by TGF-β in NK cells, an effect involving post-transcriptional regulatory mechanisms such as the induction of miRNA 27a-5p expression (8). This pathway as well as other TGF-β-induced epigenetic modulatory mechanisms are briefly discussed in this topic by Regis et al. The article also discusses the role of other TGF-β-induced miRNAs. These include miR-1245 that causes a variable degree of NKG2D down-regulation depending on individual NKG2D 3’-UTR polymorphisms, and miR146a targeting the transcription factor STAT1 involved in interferons signal transduction. S. Regis also briefly discusses TGF-β-induced changes in the expression of several transcription factors, and the impact of TGF-β-induced epigenetic changes on NK cell metabolism. The latter issue is extensively addressed by Slattery and Gardiner who review the literature concerning the inhibitory role of TGF-β on different metabolic pathways including that regulated by mTOR complexes. The authors discuss the contrasting results describing the regulatory role of TGF-β on mTOR activity, suggesting that discrepancies might depend on the duration of TGF-β conditioning (acute versus chronic) or the type of cytokine milieu (IL-15 versus IL-12/IL-15) used for boosting NK cell metabolism (9, 10). Slattery and Gardiner also briefly discuss the unexpected TGF-β-mediated activation of mTOR in healthy or pathological non-immune cells such as fibroblasts, kidney cells, and cervical carcinoma cells (11). TGF-β conditioning induced an NK cell impairment stronger than Rapamycin, the gold standard compound targeting the mTOR pathway, suggesting possible additional regulatory functions of TGF-β on NK cells metabolism. This hypothesis also arises from a wide literature describing, in cell types different from NK cells, the ability of TGF-β to reduce MYC activity, the Endoplasmic Reticulum -mitochondria Ca2+ signaling and antioxidants production, while increasing reactive oxygen species (ROS). The review by Slattery and Gardiner ends with an interesting perspective on the therapeutic potential of TGF-β blockers to fully recovering the anti-tumor function of NK cells, either present or adoptively transferred in patients.

These therapeutic approaches might also impact, in vivo, on the size of the NK cell population since it has been shown that activation of mTOR is essential for the IL-15-driven development of NK cells (12). Moreover, many studies indicate that in peripheral tissues TGF-β might influence the composition of the innate lymphoid compartment since it has been shown to convert NK cells into a less cytotoxic, ILC1-like, population (13–15). In line with these observations, in this Research Topic, Cuff et al. describe the prevalence, in the liver of obese mice, of poorly cytotoxic NK cells with an altered metabolic profile, and a transcriptional profile typical of ILC1. The liver of these mice contains levels of TGF-β higher than those of lean mice, and TGF-β conditioning converts into ILC1-like cells NK cells isolated from lean mice. This suggests that, in vivo, TGF-β may be responsible for this peculiar NK cell phenotype and confirms the plasticity of NK cells in response to TGF-β conditioning. Interestingly, the NK cell phenotype described in obese mice partially recapitulates that observed in NK cells from the liver of patients with Non-alcoholic fatty liver disease (NAFLD) and Non-alcoholic steatohepatitis (NASH).

Overall, the article collection in this Research Topic provides a comprehensive overview of several regulatory functions exerted by TGF-β in NK cells, describing well-consolidated effects, and discussing more recent findings highlighting the key regulator role of TGF-β in NK cell development.
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