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Editorial on the Research Topic 


Structure and function of the immunological and redirecting artificial synapses and their clinical implications


The immune system comprises a compendium of specialized cells, tissues, and organs that protect the organisms from a myriad of pathogens and can survey and destroy cancer cells. The recognition of the cognate antigens by the T cell and B cell receptor (TCR and BCR), which is required for the activation of antigen-specific effector functions of T and B lymphocytes is executed in the context of the immunological synapse (IS). The IS is a specialized cell-cell interaction that acts as a signaling platform for the integration of signals leading to intercellular communication, in order to ensure efficient TCR and BCR-evoked signal transduction.

IS formation triggers the asymmetric reorganization of the actin and tubulin cytoskeleton and the convergence of secretory vesicles, including multivesicular bodies (MVBs) (1, 2) and other lysosome-related organelles (LROs), toward the microtubule-organizing center (MTOC), which polarizes along with the secretory vesicles to the IS (3). These traffic events lead to the exocytosis of LROs and cytokine-containing vesicles at the synaptic cleft. LRO content secreted at the IS (including perforin, granzymes and intraluminal vesicles released as exosomes) plays an important role in cytotoxic T lymphocyte (CTL) mediated cytotoxicity (3), activation-induced cell death (4), germinal center reaction, antibody production, and antigen extraction at the B lymphocyte IS (5), whereas cytokine secretion plays an important role in antigen-presenting cell (APC) stimulation (6).

In the context of antigen recognition, MVB degranulation and extracellular vesicle (EV) secretion, we have received a relevant review on microvilli and EVs at the IS (Ruiz-Navarro et al.). This contribution addresses the different classes of EVs detected at the IS, emphasizing the most recent findings on microvilli/lamellipodium-produced EVs. Microvilli connections are F-actin-rich protrusions that act as sensors involved in the palpation of antigen-presenting cells and antigen sensing and are fundamental initiators of IS assembly (Figure 1); however, recent evidence has shown an important role of microvilli not only in antigen sensing but also in effector functions by producing EVs. The signals that lead to the polarized secretion of EVs at the synaptic cleft are discussed in this study, showing that the IS architecture fulfills a fundamental task in this secretion route.




Figure 1 | Immunological synapse connection. Human Jurkat T lymphocytes conjugated to the superantigen staphylococcal enterotoxin E pulsed Raji cells previously labeled with cell tracker (blue). After 1 h of synaptic conjugate formation on chambered coverslips, fixed cells were labeled with phalloidin-AF488 (green) and anti-CD63-AF633, to visualize F-actin and multivesicular bodies (magenta), respectively, and imaged by confocal fluorescence microscopy. Optical sections were acquired every 0.3 microm and maximal intensity projections were generated. The image shows two Jurkat T lymphocytes (bottom), forming synaptic conjugates (immunological synapse) with the antigen-presenting cells presenting the superantigen (top, blue). Filamentous actin appears green, whereas multivesicular bodies are the magenta vesicles. The cell conjugate on the left represents a mature synapse, whereas the conjugate on the right consists of an emerging synapse, showing the microvilli connections between the two cells. Microvilli connections are F-actin-rich protrusions that act as sensors involved in palpating the antigen-presenting cells and in antigen sensing and are fundamental initiators of the immune synapse (7). White bar = 5 µm. Authors: Manuel Izquierdo and Javier Ruiz-Navarro.



While significant attention has been focused on the T, B lymphocyte, and NK cell side of the IS, particularly on its role as a secretory platform for polarized secretion of diverse secretory vesicles (7), much less is known about the trafficking events occurring at the tumor cell side of the IS. Recent evidence supports the notion that tumor cells and APCs can rapidly reorganize their actin and tubulin cytoskeleton toward CTLs (8), Th cells (9) and NK cells (10). This reorganization underlies the polarized secretion of tumor cell LROs toward CTLs and NK cells, providing mechanisms that allow the tumor cell to evade the immune system (11). These results indicate that a view of IS based exclusively on analyses from the effector cell side of the synaptic cleft may only provide a partial view of the complex structural and functional interrelationship between the effector and the tumor cell. Indeed, a more holistic approach, which should include the study of the events occurring on the tumor cell/APC side of the IS is needed to achieve a global picture of IS structure and function. In this context, we have received an interesting contribution (Biolato et al.) on the reorganization of the F-actin cytoskeleton in human breast adenocarcinoma cells and melanoma cells forming IS with human NK cells. The authors, using elegant super-resolution imaging approaches based on a pH-sensitive probe for CD63+ vesicle exocytosis, suggest that directed secretion may occur from tumor cells toward attacking NK cells. Their findings reveal that synaptic remodeling of the actin cytoskeleton within cancer cells interacting with NK cells is associated with increased recruitment and fusion of MVBs at the IS, as was shown previously on the T lymphocyte side of the IS (1, 2) (Ruiz-Navarro et al.). This suggests that cancer cell-derived exosomes may be released into the IS, raising important questions about the properties of these exosomes and their potential role in conferring resistance to NK cell-mediated cytotoxicity. Although further investigation is needed to formally demonstrate IS-triggered exosome secretion by the tumor cells, and to reveal both the mechanism involved and the consequences of MVB secretory traffic, this contribution highlights a potentially overlooked mechanism by which cancer cells may evade immune destruction.

Regarding the translational implications that may be derived from applying such a holistic approach to IS studies, T-cell redirecting approaches to selectively eliminate tumor cells are useful strategies for cancer immunotherapy and are based on the formation of T cell-target cell conjugates (12), although these approaches have poor therapeutic results against solid tumors. These approaches include strategies to conjugate T lymphocytes with cancer cells using chimeric antigen receptors (CARs) (13, 14) or bispecific antibodies recognizing cell-surface tumor-associated antigens (15). Despite the fact that these two strategies promote the formation of functional ISs in terms of signals leading to LRO secretory polarized traffic and tumor cell death, the spatiotemporal architecture of the IS formed under these “artificial” redirecting strategies is different from that found in canonical, TCR-evoked synapses (12, 16). Canonical IS-tuned CAR signaling enhances the anti-tumor activity of CAR T cells and T-cell engaging bispecific antibodies (16) (17), and recent evidence shows that IS quality measurements correlate with patient clinical outcomes (18). Thus, the IS studies evoked during these approaches will indeed provide future experimental strategies to tune these “artificial” IS responses to improve T-cell effector anti-tumor responses (17).

Among the most common complications in CAR-T therapy are the failure to produce autologous CAR-T cells, the loss of target antigen, the barriers imposed by the tumor microenvironment, and the lack of efficacy and persistence (exhaustion) of CAR-T cells, which may eventually lead to tumor cell evasion by affecting the therapeutic CAR-T effect (15). In this context, we have received an interesting contribution from the NEXT Generation CART MAD Consortium (NEXT CART) (Martín-Antonio et al.), which is based on various basic and translational research groups and hospitals in Madrid (Spain) that have joined forces to share and synergize their basic expertise in IS, immunotherapy, gene therapy and their clinical expertise in pediatric and adult oncology. The aim of NEXT CART is to develop new cell engineering approaches and treatments for adult and pediatric neoplasms to be evaluated in multicenter clinical trials. The Consortium claims that “we will provide our perspective on how these strategies will evolve in the coming years to solve the main current limitations of these therapies”. Opportunities for advancement identified by the authors include developing allogeneic products, optimizing CAR signaling domains, combining cellular immunotherapies, multi-targeting strategies, and improving tumor-infiltrating lymphocyte (TIL)/TCR therapy.

Last but not least, with respect to IS-induced cell asymmetry, Gómez-Morón et al. submitted a relevant contribution showing how translation inhibition affects the asymmetric reorganization that occurs during CTL activation. The authors demonstrate that cytosolic protein translation is required to increase glucose metabolism and degranulation capacity upon TCR activation and thus regulate the full effector function of human CTLs. Interestingly, they observe that inhibition of translation shortly before TCR activation prevents proper reorganization of the tubulin cytoskeleton and asymmetric distribution of mitochondria. mTOR pathways are defectively activated in these cells and glucose metabolism through glycolysis and oxidative phosphorylation (OXPHOS) is affected. In this context, the movement of lytic granules (a type of LRO characteristic of CTLs) at the cell contact area with stimulating surfaces and the degranulation of CTLs are inhibited. Thus, the authors have linked the activity of 80S ribosomes and mitochondria to the ability of human CTLs to exert their effector functions in vitro.

Overall, our greatest reward has been to receive such relevant contributions, even after the deadline of the submission deadline, and to observe that the number of manuscript downloads and views is continuously increasing. We believe that thanks to the contributions included in this Research Topic, we have fulfilled our objective of editing a collection of articles that stimulates and facilitates a scientific forum for immunologists but also for clinicians, bridging the cross-disciplinary gap, increasing awareness, and maximizing the discussion and dissemination of ideas and methodologies in this emerging field.
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