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Introduction

"If you please… Draw me a sheep". Lost in the desert, you would have little difficulty drawing a sheep if the Little Prince asked you to. However, you might find it more difficult if he were to ask: "If you please… Draw me a cell." You might hesitate, depending on your background, as cells from multicellular organisms have diverse shapes and properties. If you had studied cancer-derived epithelial or fibroblast cell lines, you might draw a flat fried-egg-shaped adherent object.

Alternatively, you might draw an in situ epithelial cell: rectangular, static and polarised.

Immunologists would be more likely to draw a polarised, potentially motile cell, probably without focal adhesion, possibly a phagocytic or macropinocytic cell. It is even harder to draw "a" cell in the in vivo context, as cells from multicellular organisms reside in tissues with different physical and chemical properties that can influence cell behaviour. These observations led us to wonder what immunologists and cell biologists can learn from each other.

In multicellular organisms, most cells reach their final positions during embryonic development, and then fulfil their function at that site, or at least within the same tissue. An ability to migrate and to change their microenvironment is often considered a pathological hallmark of cancer cells, but immune cells also have these properties. What makes immune cells special is that each individual single immune cell can migrate between tissues, fulfilling specific functions in different microenvironments. To be able to do this, immune cells must be able: (i) to explore multiple environments (i.e. migrating in search of a danger signal originating from a pathogen or another cell), (ii) to gather and/or transmit information, generally by secreting cytokines or through direct cell-cell contact via an 'immune synapse' and (iii) to exert effector functions, by eliminating the pathogen such as through phagocytosis (macrophages, neutrophils), killing dangerous cells (cytotoxic T cells, natural killer (NK) cells), or secreting antibodies (B cells).

In this Essay, we will highlight the unusual features of immune cells relative to typical "textbook" adherent cells, focusing particularly on their cytoskeleton dynamics and cell mechanics. We also propose that, thanks to their unique properties, immune cells were selected during evolution to operate at spatial and temporal scales different from those of typical adherent cells.

Immune cells continually change morphology and polarity

Most cells acquire their overall shape early during development and do not undergo major shape changes, at least over short time scales (minutes). For example, neurons may grow and their synaptic connections may change during their lifetime, but they retain the same overall morphology.

The maintenance of cell shape is dependent on interactions between cells, which are regulated by junction molecules, such as cadherins, or on signals generated by interactions with the extracellular matrix that contains adhesion molecules such as integrins [START_REF] Lecuit | Cell surface mechanics and the control of cell shape, tissue patterns and morphogenesis[END_REF]. The most unusual feature of immune cells is, thus, their continually changing morphology, enabling them to adapt to the physical and biochemical features of the environments with which they come into contact. This ability is dependent on a highly dynamic actin cytoskeleton, the presence of which makes these cells an ideal model for cell biology studies.

Immune cells can change shape very rapidly. For instance, lymphocytes become elongated during migration with their shape tightly coupled to their speed [START_REF] Hons | Chemokines and integrins independently tune actin flow and substrate friction during intranodal migration of T cells[END_REF], but they round up again within seconds upon immobilisation [START_REF] Dustin | T-cell activation through immunological synapses and kinapses[END_REF]. It remains unclear what triggers the rounding of immune cells when they stop migrating, but calcium signalling has been implicated in T cells [START_REF] Donnadieu | Antigen recognition by helper T cells elicits a sequence of distinct changes of their shape and intracellular calcium[END_REF][START_REF] Dustin | Antigen receptor engagement delivers a stop signal to migrating T lymphocytes[END_REF][START_REF] Negulescu | Polarity of T cell shape, motility, and sensitivity to antigen[END_REF]. Cell rounding may also occur very rapidly during the division of adherent cells. In this case, cell rounding is accompanied by a strong increase in cortical tension, allowing the cell to withstand the compressive stress of the surrounding tissue [START_REF] Kondo | Mitotic cell rounding accelerates epithelial invagination[END_REF][START_REF] Théry | Get round and stiff for mitosis[END_REF]. We can therefore hypothesise that the changes in cell shape of immune cells depend on the environmental stresses they face at a given time. What is the machinery that helps immune cells rapidly responding to external cues by reshaping? First, immune cells are the smallest and softest of all mammalian cells (together with metastatic cells!) [START_REF] Bufi | Human primary immune cells exhibit distinct mechanical properties that are modified by inflammation[END_REF]. Their relatively low rigidity may facilitate rapid and efficient changes in shape and mechanical (microrheological) properties. Interestingly, neutrophils have been recently reported to stiffen and shrink upon activation and then expand and soften again within minutes [START_REF] Bashant | Real-time deformability cytometry reveals sequential contraction and expansion during neutrophil priming[END_REF]. Modification of rheological properties have also been observed upon antigen recognition in both B and T cells [START_REF] Zak | Single-cell immuno-mechanics: rapid viscoelastic changes are a hall-mark of early leukocyte activation[END_REF]. Second, under the microscope, most immune cells can be seen to be covered with microvilli, which constitute a major source of membrane material for rapid shape changes [START_REF] Cai | Visualizing dynamic microvillar search and stabilization during ligand detection by T cells[END_REF][START_REF] Jung | Three-dimensional localization of T-cell receptors in relation to microvilli using a combination of superresolution microscopies[END_REF][START_REF] Majstoravich | Lymphocyte microvilli are dynamic, actin-dependent structures that do not require Wiskott-Aldrich syndrome protein (WASp) for their morphology[END_REF][START_REF] Shao | Static and dynamic lengths of neutrophil microvilli[END_REF]. The formation and stabilisation of microvilli depend on the physical properties of the membrane mediating the local reorganisation of actin-associated proteins and nucleators. Microvilli are present in several different types of immune cells, but have different dynamics in different cells.

Morphological changes are not restricted to the shape of the cell, but also concern its internal components. Developing tissues typically rapidly establish a polarity pattern [START_REF] Cowan | Acto-myosin reorganization and PAR polarity in C. elegans[END_REF], and most polarised cells, such as epithelial cells and neurons, do not change polarity during their lifetime. Indeed, cell polarity is often dependent on the micro-environment, and, as this environment tends to be stable for most cells, polarity is maintained over the lifespan of the cell [START_REF] Gundersen | Nuclear positioning[END_REF]. By contrast, the polarity of immune cells is continually challenged: while migrating in response to biochemical or mechanical cues and when polarising towards a cell to establish a synapse, or re-orienting to break the contact and follow another signal.

Below, we explore the role of changes in shape and polarity on the various functions accomplished by immune cells.

Immune cells migrate with minimal forces in complex environments

Another remarkable feature of immune cells is their ability to migrate. Classical textbook cells (e.g. HeLa cells) migrate through adhesion of their front end to the substrate, followed by pulling on the adhesion molecular "clutch" to move forward. However, they need to release the clutch at some point to keep moving forward [START_REF] Hu | Differential Transmission of Actin Motion Within Focal Adhesions[END_REF]. Strikingly, immune cells migrate mostly without integrin-mediated adhesion [START_REF] Friedl | CD4 + T lymphocytes migrating in three-dimensional collagen lattices lack focal adhesions and utilize[END_REF][START_REF] Lämmermann | Rapid leukocyte migration by integrin-independent flowing and squeezing[END_REF]. Their migration process is similar in this respect to that described for Dictyostelium [START_REF] Friedl | Plasticity of cell migration: A multiscale tuning model[END_REF], and this mode of migration is therefore described as amoeboid. This has been observed in confined environments in vitro and in vivo, and it enables immune cells to navigate through tissues for the purposes of immune surveillance.

Amoeboid migration depends on a particular organisation of the building blocks of the cytoskeleton, particularly those controlling actin nucleation and actomyosin contractility [START_REF] Chabaud | Cell migration and antigen capture are antagonistic processes coupled by myosin II in dendritic cells[END_REF][START_REF] Jacobelli | Myosin-IIA and ICAM-1 Regulate the Interchange between Two Distinct Modes of T Cell Migration[END_REF][START_REF] Jacobelli | Confinement-optimized three-dimensional T cell amoeboid motility is modulated via myosin IIA-regulated adhesions[END_REF]. This type of migration is particularly efficient in confined environments, such as the interstitial space in tissues, in which immune cells move. The immune cell cytoskeleton is reorganised to generate forces that squeeze the cell, and particularly its nucleus, through constrictions [START_REF] Lämmermann | Rapid leukocyte migration by integrin-independent flowing and squeezing[END_REF][START_REF] Raab | ESCRT III repairs nuclear envelope ruptures during cell migration to limit DNA damage and cell death[END_REF][START_REF] Thiam | Perinuclear Arp2/3-driven actin polymerization enables nuclear deformation to facilitate cell migration through complex environments[END_REF][START_REF] Wolf | Physical limits of cell migration: Control by ECM space and nuclear deformation and tuning by proteolysis and traction force[END_REF]. Dendritic cells migrating in constricted conditions generally have three pools of actin: one at the front, one around the nucleus, with both branched filaments that are nucleated by Arp2/3 (Actin-Related Proteins ARP2 and ARP3) complex, and one at the back (actin bundles, nucleated by formins). The first drives macropinocytosis (i.e. environment sampling), the second squeezes the nucleus through constrictions (e.g. collagen pores or cell-cell junctions), and the third propels the cell forwards (Fig. 1). Myosin II at the back of the cell is thus involved in squeezing and propelling the cell, whereas the myosin II at the front of the cell promotes macropinosome maturation and the transfer of macropinosome content to lysosomes [START_REF] Bretou | Lysosome signaling controls the migration of dendritic cells[END_REF][START_REF] Chabaud | Cell migration and antigen capture are antagonistic processes coupled by myosin II in dendritic cells[END_REF].

Adherent migration requires the generation of strong forces, which may slow the cells down. By contrast, non-adhesive modes of migration make use of frictional forces against the substrate. The ranges of stress generated by these two types of migration are very different (~100 Pa for adhesionmediated migration versus less than 1 Pa for cortical flow-driven migration [START_REF] Bergert | Force transmission during adhesion-independent migration[END_REF]).

The generation of smaller forces does not result in slower migration, because the cells do not need to detach from the substrate to move forward [START_REF] Lämmermann | Mechanical modes of 'amoeboid' cell migration[END_REF]. They have indeed less effective friction to overcome. They can even simply use the topography of the substrate to propel themselves, in the absence of any molecular link between the cytoskeleton and the substrate [START_REF] Reversat | Adhesion-free cell migration by topography-based force transduction[END_REF]. During interstitial migration, the generation of small forces acting against the environment may enable immune cells to detect weak environmental cues and to integrate local chemical and mechanical signals. For instance, neutrophils are able to follow the minimal hydraulic resistance path (barotaxis), thereby overriding chemotactic signals [START_REF] Prentice-Mott | Biased migration of confined neutrophil-like cells in asymmetric hydraulic environments[END_REF].

Conversely, immature dendritic cells overcome barotaxis by macropinocytosis, enabling space exploration; this feature is lost upon maturation, allowing mechanical (and not only chemical) guidance to lymph nodes. Barotaxis appears to not depend on any specific molecular sensor but rather to be the result of intrinsic properties of the actomyosin cytoskeleton [START_REF] Moreau | Macropinocytosis Overcomes Directional Bias in Dendritic Cells Due to Hydraulic Resistance and Facilitates Space Exploration[END_REF], suggesting that any cell is subjected to barotaxis, except cells that are endowed with an efficient fluid transport mechanics, such as immature dendritic cells and macropinocytic metastatic cells.

During extravasation, immune cells must counteract flow; they therefore need to generate more force, through integrin-mediated adhesion, which they achieve by changing their motility mode [START_REF] Shulman | Lymphocyte Crawling and Transendothelial Migration Require Chemokine Triggering of High-Affinity LFA-1 Integrin[END_REF][START_REF] Sixt | Cell adhesion and migration properties of β2-integrin negative polymorphonuclear granulocytes on defined extracellular matrix molecules: Relevance for leukocyte extravasation[END_REF].

Immune cells actively patrol their environment and test their local surroundings and neighbours

Cells in tissues depend on external factors (nutrients, growth factors, etc.) to survive. They sense these factors at the plasma membrane, or actively take them up. Immune cells use a similar strategy to sense their environment. Cytokines are sensed directly by membrane receptors, providing local information. However, immune cells often collect information over a whole tissue, or even across the whole body. They are therefore highly dependent on cell migration, as described above, to gather broadly distributed information, as well as on the local environment and cell scanning.

During migration, immune cells often undergo repolarisation, for instance to change direction, avoid obstacles or follow chemokine gradients. These repolarisation events occur over very short time scales [START_REF] Schumann | Immobilized Chemokine Fields and Soluble Chemokine Gradients Shape Migration Patterns of Dendritic Cells[END_REF]. Gradients of chemical signals (chemotaxis) provide a good trail to targets that is widely exploited in bacteria [START_REF] Berg | Physics of chemoreception[END_REF]. Immune cells make use of a similar mechanism, haptotaxis, i.e. following gradients of immobilised molecules, in which their orientation accuracy is precisely dependent on the signal:noise ratio of the chemokines [START_REF] Schwarz | Dendritic Cells Interpret Haptotactic Chemokine Gradients in a Manner Governed by Signal-to-Noise Ratio and Dependent on GRK6[END_REF][START_REF] Weber | Interstitial dendritic cell guidance by haptotactic chemokine gradients[END_REF]. Cell polarisation occurs through a biasing of actin polymerisation following the engagement of the chemotactic receptor (a system that is radically different from the run-and-tumble in bacterial chemotaxis). Actin-driven protrusions, such as lamellipodia, in particular, are thus highly efficient detectors of haptotactic gradients, but they are dispensable, as discussed above, for locomotion [START_REF] Leithner | Diversified actin protrusions promote environmental exploration but are dispensable for locomotion of leukocytes[END_REF]. Physical obstacles can also drive cell orientation, due to the load dependence of actin polymerization. Greater compression of the actin network (by an obstacle) results in a stiffening of this network, generating a force that act against the compression [START_REF] Mueller | Load Adaptation of Lamellipodial Actin Networks[END_REF]. Recently, the nucleus has been suggested to guide the cell towards the largest pore size, minimizing mechanical resistance to migration [START_REF] Renkawitz | Nuclear positioning facilitates amoeboid migration along the path of least resistance[END_REF].

Environmental patrolling is optimised not only by control over the direction of movement and its guidance by physico-chemical cues, but also by the coordination of migration and microenvironment testing. This rather general mechanism renders immune cells incredibly efficient at sensing their microenvironment, collecting information and transmitting it to other cells and at fulfilling their effector functions. In dendritic cells, for example, the uptake of large amounts of fluid through macropinocytosis for environmental scanning is antagonistic to migration. This antagonism results from the dependence of amoeboid migration and macropinocytosis on the same cytoskeleton building blocks, essentially the key player of actin contractility, myosin II, which is diverted from the back to the front of the cell to contract macropinosomes (Fig. 1) [START_REF] Lavi | Deterministic patterns in cell motility[END_REF]. As a result, dendritic cells display intermittent searching activity, with an alternation of locomotion and sensing phases [START_REF] Faure-André | Regulation of dendritic cell migration by CD74, the MHC class II-associated invariant chain[END_REF]. This strategy has been shown to be efficient for the sampling of sparse targets [START_REF] Bénichou | Intermittent search strategies[END_REF]. The rate of switching between locomotion and sensing is optimised for the detection of a signal within hours over distances of several hundreds of microns, consistent with in vivo observations [START_REF] Chabaud | Cell migration and antigen capture are antagonistic processes coupled by myosin II in dendritic cells[END_REF].

In general, cells in continuous motion also move very fast, their polarisation being reinforced by the retrograde actin flow responsible for locomotion itself. Consistently, the contractile machinery (myosin II) is also more polarized at the back of the cell in the fastest and most persistent cells [START_REF] Chabaud | Cell migration and antigen capture are antagonistic processes coupled by myosin II in dendritic cells[END_REF]. More recently, spontaneous actin waves have been shown to generate the polarity cues and hence determine the diffusive versus persistent dendritic cell migration [START_REF] Stankevicins | Deterministic actin waves as generators of cell polarization cues[END_REF]. Immune cells spontaneously change polarity as a consequence of cortex instability or their differentiation and/or activation state. The alternation between low-and highpersistence states can be explained by the competition between the nucleation machineries for actin monomers (Fig. 1). This may help immune cells to build dynamic actin pools at different cellular locations, facilitating rapid repolarization. Intermittent migration requires the coordination of migration and function and leads an optimal environmental patrolling [START_REF] Chabaud | Cell migration and antigen capture are antagonistic processes coupled by myosin II in dendritic cells[END_REF][START_REF] Lavi | Deterministic patterns in cell motility[END_REF]. Accordingly, mature dendritic cells, whose the main function is efficient migration to the lymph nodes to initiate immune responses, rather than tissue patrolling, lose the ability to engage myosin at their front. The actomyosin machinery therefore remains at the back of these cells, resulting in a downregulation of macropinocytosis, but promoting the continual rapid locomotion of these cells [START_REF] Vargas | Innate control of actin nucleation determines two distinct migration behaviours in dendritic cells[END_REF]. Interestingly, T lymphocytes have also been reported to display intermittent migration, and appear to require the atypical motor protein myosin IG [START_REF] Gérard | Detection of rare antigen-presenting cells through T cell-intrinsic meandering motility, mediated by Myo1g[END_REF].

The local microenvironment is also tested by the constant scanning of neighbouring cells, as exemplified by T cells continually searching for their antigens. At a microscopic scale, these processes are dependent on dynamic membrane structures, such as protrusions, villi or ruffles (Fig. 1). These structures are mostly constitutive but can also be reinforced by specific signalling [START_REF] Pollard | Actin, a Central Player in Cell Shape and Movement[END_REF]. For example, lymphocyte microvilli are connected to specific signalling platforms and, at least for T cells, have been shown to scan the interaction area with another cell within seconds and then make a decision within one minute [START_REF] Brodovitch | T lymphocytes sense antigens within seconds and make a decision within one minute[END_REF]. The efficiency of this scanning process was recently reported to be dependent on the structure and dynamics of microvilli [START_REF] Cai | Visualizing dynamic microvillar search and stabilization during ligand detection by T cells[END_REF], actin-filled protrusions that move actively at the surface of T cells, thereby maximising surface coverage and minimising mutual overlapping. Microvilli have a residence time of three to six seconds in the absence of ligand. Once specific contact between T-cell receptor (TCR) and its ligand has been established, the individual microvilli are stabilized, potentially owing to TCR-ligand catch-bond behaviour [START_REF] Pullen | Mechanical feedback enables catch bonds to selectively stabilize scanning microvilli at T-cell surfaces[END_REF], allowing amplification of the signal and antigen discrimination. Remarkably, microvilli have been also

shown to release TCR-enriched vesicles and transmit information to antigen presenting cells [START_REF] Kim | T cell microvilli constitute immunological synaptosomes that carry messages to antigen-presenting cells[END_REF].

Immune cells gather and transmit information through synapses

When an immune cell finds a cognate partner, it can establish contact with this other cell through the so-called immunological synapse. This structure owes its name to the neurological structure, as both types of synapse mediate the direct transfer of information from one cell to another, and they have also been shown to have a similar organisation. In the immunological synapse, the lymphocyte and the antigen-presenting cell (or lymphocyte and target cell) (i) adhere to each other via a lamellipodium-like structure, (ii) are reorganised into a centrosymmetric configuration, with antigens located at the centre and adhesion molecules at the periphery, and (iii) subsequently detach from each other to resume their migration. Immune synapses are associated with various immunecell activation events, including antigen internalisation (in B cells), cell proliferation and the secretion of cytokine-containing vesicles (CD4 + T cells) or other molecules required for effector function, for cytolysis in the case of CD8 + T cells and NK cells, for example.

Immune synapses form and break down again within minutes. How can such drastic shape changes and molecular reorganisation occur so fast? Rapid shape changes make use of specific signalling cascades that amplify the primary signal, leading to a downstream reorganisation of the cytoskeleton building blocks within minutes. In the case of the immune synapse, antigen recognition by specific receptors (TCRs or BCRs) triggers a cascade involving kinases, such as PAK (p21-activated kinases) and PI3K (phosphatidylinositol 3-kinases), and small GTPases (e.g.

Cell division control protein 42 homolog CDC42, Ras-related C3 botulinum toxin substrate 2 RAC2, Vav) that ultimately remodels the actin cytoskeleton. In particular, a domination of WASP (Wiskott-Aldrich Syndrome protein), activity over PKCθ (Protein Kinase C Theta) has been reported to be crucial in T cells, to ensure the symmetry and stability of the immune synapse through a fine control of actin polymerization at the synapse [START_REF] Sims | Opposing effects of PKCtheta and WASp on symmetry breaking and relocation of the immunological synapse[END_REF]. This stabilization relies on an intracellular in-plane tension that is sustained at the synapse by WASP-dependent actin nucleation at TCR microclusters and interaction with Myosin-II. WASP degradation leads to a release of cytoskeletal tension and synapse breaking [START_REF] Kumari | Cytoskeletal tension actively sustains the migratory T-cell synaptic contact[END_REF]. WASP might also regulate receptor mobility in activated B cells (Rey-Suarez et al.). Signaling at the immune synapse further stimulates the local actomyosin reorganisation into a centripetal flow driven by contractile arcs that are stretched by radial actin bundles [START_REF] Yi | Actin retrograde flow and actomyosin II arc contraction drive receptor cluster dynamics at the immunological synapse in Jurkat T cells[END_REF]. Like the pools of actin in migrating dendritic cells, the two classes of filaments are regulated by different nucleators (Arp2/3 versus formins), making it possible to group clusters of receptors together at the synapse [START_REF] Murugesan | Formin-generated actomyosin arcs propel T cell receptor microcluster movement at the immune synapse[END_REF]. Super-resolution techniques have shown the presence of a third central ramified network in between the immunological synapse and the nucleus, which might be involved in intracellular transport of TCRs [START_REF] Fritzsche | Cytoskeletal actin dynamics shape a ramifying actin network underpinning immunological synapse formation[END_REF]. Whether this actin pool is similar to the actin cloud that tethers the MTOC to the nucleus of lymphocytes remain to be established [START_REF] Obino | Actin nucleation at the centrosome controls lymphocyte polarity[END_REF].

The rapidity of these signalling events and the subsequent responsiveness of immune cells may also be facilitated by their small size (large area:volume ratio) and the patterning of their membrane, which has been little studied. Indeed, these features might allow signals to be transduced rapidly from the membrane to the cytosol, as membrane compartmentalisation has been reported to accelerate chemical reactions and to improve control over these reactions. Also, decreasing dimensionality speeds up reactions. These general membrane properties combined with the underlying cytoskeleton dynamics favour aggregation and stabilise receptor clustering [START_REF] Gowrishankar | Active remodeling of cortical actin regulates spatiotemporal organization of cell surface molecules[END_REF][START_REF] Su | Phase separation of signaling molecules promotes T cell receptor signal transduction[END_REF]. These particular signalling properties render immune cells highly responsive to extracellular signals and, therefore, very versatile.

The specific encounter between lymphocytes and antigen-presenting cells modifies their "environment", resulting in changes to both cell shape and cell polarity. During immune synapse formation, the entire network of microtubules (hence the MTOC) is re-oriented towards the site of cell-cell contact (Fig. 1). This polarity axis then reverts to its original state when the cells break contact and resume their migration [START_REF] Sims | Opposing effects of PKCtheta and WASp on symmetry breaking and relocation of the immunological synapse[END_REF]. During proliferation, in particular, lymphocytes eventually undergo asymmetric cell division along the axis putatively established during cell-cell contact [START_REF] Barnett | Asymmetric B cell division in the germinal center reaction[END_REF][START_REF] Chang | Asymmetric T lymphocyte division in the initiation of adaptive immune responses[END_REF][START_REF] Thaunat | Asymmetric segregation of polarized antigen on B cell division shapes presentation capacity[END_REF]. This regulates the differentiation of T lymphocytes into memory cells, and lymphocyte polarity thus appears to determine their fate. Ancestral polarity mechanisms (typically the Cdc42-aPKC-PAR3/6 axes) that are common to most polarised cells are also at work in immune cells (see numerous reviews [START_REF] Krummel | Maintenance and modulation of T cell polarity[END_REF][START_REF] Russell | How polarity shapes the destiny of T cells[END_REF][START_REF] Yuseff | How B cells capture , process and present antigens : a critical role for cell polarity Antigen encounter and the role of presenting Cells[END_REF]). However, immune cells and the cells that form tissues differ in the speed in which polarity changes occur [START_REF] Reversat | Polarity protein Par3 controls B-cell receptor dynamics and antigen extraction at the immune synapse[END_REF][START_REF] Yuseff | Polarized Secretion of Lysosomes at the B Cell Synapse Couples Antigen Extraction to Processing and Presentation[END_REF]. The rapid changes in polarity observed in immune cells may be due to a particular feature of the cytoskeleton, i.e. the high capacity of their centrosome to nucleate actin [START_REF] Farina | The centrosome is an actin-organizing centre[END_REF][START_REF] Obino | Actin nucleation at the centrosome controls lymphocyte polarity[END_REF]. In B lymphocytes, F-actin is nucleated by Arp2/3 at the centrosome and this nucleation decreases upon lymphocyte engagement, probably due to Arp2/3 recruitment to the immune synapse. The downregulation of actin nucleation at the centrosome facilitates its physical detachment from the nucleus, allowing its rapid polarisation to the synapse (Fig. 1). Actin recruitment to the centrosome has recently been shown to depend on the small protein HSBP1, which promotes the local assembly of the actin nucleator WASH at the centrosome [START_REF] Visweshwaran | The trimeric coiled coil HSBP1 protein promotes WASH complex assembly at centrosomes[END_REF].

Immune cells have played an instrumental role in improving our understanding of the role of mechanical aspects in the fine sensing of the cell environment. Immune cells may use mechanical mechanisms to steer their migration (see above), and in interactions with other cells. Antigen recognition triggers macroscopic forces at the T-cell synapse [START_REF] Hui | Dynamic microtubules regulate cellular contractility during T-cell activation[END_REF][START_REF] Husson | Force generation upon T cell receptor engagement[END_REF]. More locally, at the B-cell synapse for example, the rate of loading on the receptor (its pulling speed) mediates affinity-based discrimination between antigens [START_REF] Natkanski | B cells use mechanical energy to discriminate antigen affinities[END_REF][START_REF] Spillane | B cell antigen extraction is regulated by physical properties of antigen-presenting cells[END_REF]. In T cells the force experienced by the TCR at the synapse is independent of antigen affinity due to adaptation of the actin flow [START_REF] Javanmardi | Cytoskeletal Control of Antigen-Dependent T Cell Activation[END_REF]. In cytotoxicity synapses, forces are generated that increase cell adhesion and the efficiency of perforation [START_REF] Basu | Cytotoxic T Cells Use Mechanical Force to Potentiate Target Cell Killing[END_REF]. Interestingly, the TCR responds as catch bonds [START_REF] Liu | Accumulation of dynamic catch bonds between TCR and agonist peptide-MHC triggers T cell signaling[END_REF], which increase affinity for the ligand when pulled apart from it. It remains unclear what effect this has on T-cell biology and whether similar mechanisms may be at work in other lymphoid cells. More generally, mechanosensing plays a key role in cell-to-cell communication within the immune system. The properties of the actin cortex are modified by the inflammatory state of the immune cell [START_REF] Bufi | Human primary immune cells exhibit distinct mechanical properties that are modified by inflammation[END_REF], and signalling is closely related to the rigidity of the substrate with which the cell interacts [START_REF] Judokusumo | Mechanosensing in T lymphocyte activation[END_REF][START_REF] O'connor | Substrate Rigidity Regulates Human T Cell Activation and Proliferation[END_REF][START_REF] Saitakis | Different TCR-induced T lymphocyte responses are potentiated by stiffness with variable sensitivityDifferent TCR-induced T lymphocyte responses are potentiated by stiffness with variable sensitivity[END_REF][START_REF] Shaheen | Substrate stiffness governs the initiation of B cell activation by the concerted signaling of PKCβ and focal adhesion kinase[END_REF].

Similarly, B cells have been recently shown to protrude actin rich structures where antigens are extracted when contacting soft substrates, i.e. whose stiffness matches the one of APCs (Kumari et al., 2019). Formation of such protrusions involve both Arp2/3 and formins [START_REF] Bolger-Munro | Arp2/3 complex-driven spatial patterning of the BCR enhances immune synapse formation, BCR signaling and b cell activation[END_REF][START_REF] Kwak | Intrinsic properties of human germinal center B cells set antigen affinity thresholds[END_REF][START_REF] Roper | B cells extract antigens at Arp2/3-generated actin foci interspersed with linear filaments[END_REF] and ressemble those previously described in CD4+ T cells [START_REF] Sage | Antigen Recognition Is Facilitated by Invadosome-like Protrusions Formed by Memory/Effector T Cells[END_REF]. The function of the immunological synapse (both B-APC and T-APC) therefore relies on coordinated actin structures that display distinct organizations and subcellular localizations and are regulated by the physical properties of APCs. These different actin pools might be unique to immune cells or, alternatively, be related to the actin structures extensively characterized in adherent cells such as focal adhesions, podosomes and invadosomes, and could therefore be used to learn more about their regulation.

Conclusion: immune cells as a new playground for cell biologists

As discussed here, the highly dynamic properties of the cytoskeleton-membrane interface of immune cells allow these cells to modify their shape, polarity and locomotion in response to environmental cues and to fulfil their function. They also make these cells a powerful study model, and studies of these cells have recently challenged a number of classical cell biology concepts developed from studies of adherent cell lines. Immune cells have a number of features in common with cancer cells. Do the particular features of immune cells also observed in cancer cells facilitate the spread of these cells to healthy tissues? Some of the analogies between the two cell types appear particularly pertinent: first, cancer cells become highly migratory, like immune cells, and second, cancer cells also often become macropinocytic, enabling them to take up huge amounts of extracellular nutrients to satisfy their high metabolic needs [START_REF] Commisso | Macropinocytosis of protein is an amino acid supply route in Ras-transformed cells[END_REF]. Do these similarities result from similarities in cytoskeletal and biophysical properties between immune cells and cancer cells? To what extent are these two sets of cells similar and how do they differ?

The most crucial characteristic of immune cells is probably the efficiency with which they perform particular functions. Most of the mechanisms described above have also been observed in other systems, but they have been explicitly linked to optimal behaviour in immune cells: optimal rates of switching between locomotion and sensing, optimal numbers and dynamics in environmental scanning by microvilli, optimal loading rate and the force for discriminating antigens. This tight control over their cellular functions makes immune cells good models for studies of fundamental cell biology and cell mechanics. Unfortunately for the Little Prince, it isn't really possible to draw a stereotypical cell. Cell biology is far too complex to be captured in a simple sketch. Maybe, as for the sheep in le Petit Prince, it is best to draw a box and leave biologists to continue exploring what is hidden inside!

Figure 1 legend

Draw me an immune cell. Artistic view of the different actin pools and associated functions in immune cells. The actin pool at the back (organised into cables, formin-mediated) is responsible for amoeboid cell migration, the pool around the nucleus (branched, Arp2/3 mediated) is responsible for translocation through constrictions, and the pool at the front (branched) is responsible for macropinocytosis, phagocytosis, environment sensing and the formation of the immune synapse.

Actin has been found around the microtubule-organising center (MTOC), playing a role in the polarisation of this structure. Competition for actin monomers acts as a switch between different functions.
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